
•• 
• 
+ 
• 

• 

• 
• 

BELL SYSTEM PRACTICES 
Toll Test Room Operation 
Description ond Operating Principles 
of System and Equipment 

SECTION E44.263 
Issue 3, October, 1959 

AT&TCo Stondord 

43A 1 CARRIER TELEGRAPH TERMINAL 

CONTENTS 

I. GENERAL . . . . . . . 

2. TYPICAL BLOCK DIAGRAMS FOR A 
SYSTEM TERMINAL . . . . . 

3. FREQUENCY ALLOCATIONS AND CHANNEL 
NUMBERING . . . . . . . 

4. DESCRIPTION OF CHANNEL TERMINALS 

A. General . . . . . . . 
8. Sending Circuit . . . . . 

Sending Loop and Modulator 
Oscillator . . . . . . . 
Sending Amplifier and Send Filter . 

C. Receiving Circuit . . 
Receiving Filter and Amplifier 
limiter , . . . . 
Discriminator , Rectifier, and 
DC Amplifier . . . . . 

D. Channel Terminal Controls 
E. filament Supply . . . . 

5. DC LOOP CONNECTIONS TO CHANNEL 
TERMINALS • , • • . • • • 

A. loop Options ITobles A ond 8) • 
8. full Duplex Operation . 
C. Holl Duplex Operolion • , • 
D. 8ack 0 to 00 8ack Operation . . . 
E. One-way Multiple loop Operation . 
F. Supervisory Signaling Circuit 

G. Alarm Circuits . . . . . 

6. HUB CONNECTIONS TO CHANNEL 
TERMINALS • . • . • • . 

A . General . . . . , . 
8. Directional Control Features for 

Holl Duplex Operation (Tobie D) • 
C. Full Duplex Operation . . 
D. Hit Indicator Connection . 

7. EQUIPMENT FEATURES • • • 

8. TESTING ARRANGEMENTS ITABLE Cl 

9. UST OF DRAWINGS . . 

• 

PAGE 

l 

2 

3 

3 

3 
4 
4 
5 
5 
5 

5 

6 
7 
8 

8 

9-10 
10 
11 
11 
13 
13 
14 

15 

15 

15 
17 
18 

18 

19 

21-22 

1. GENERAL 

1.01 This section gives the description and op-
erating principles of the 43Al carrier tele­

graph terminal. The 43Al system provides in 
the voice-frequency range seventeen 2-way tele­
graph channels over a 4-wire circuit or eight 
2-way plus one, one-way channels over a 2-wire 
circuit. In addit ion, it provides four 2-way chan• 
nels in the above voice range; that is, for open­
wire circuits, the port ion of the frequency spec­
trum between the voice and the C-type carrier 
ranges or below OA-type carrier , and for 
H44 and H88 toll cables the portion above 
voice. One of the four high-frequency channels 
(3550 and 3750 cps) may also be used between 
voice and H-type carrier telephone circuits or 
above voice on H88 toll cab les. On the de side, 
options are provided for connection to various 
kinds of teletypewriter circuits for TWX and 
private-line service ( PLS). including those at 
'l'\VX switchboards, testboards and service­
boards, and at subscriber st,itions. An arrange­
ment is also provided whereby two neutra l type 
43Al channel terminals may be operated back­
to-back; that is, with their de loops directly in­
terconnected to each other on a full duplex 
basis. No drop-off loop to a subscriber can be 
used, since the resu lting transmission is un• 
satisfactory. Full duplex direct back-to-back 
connections are used to build up circuits on a 
c.arrier basis between offices where other carrier 
facilities are not available, to change transmis­
sion frequency, or to provide monitoring on a 
de basis at an intermediate point. 

1.02 This section is reissued to describe the 'l 
following additional operating features 

for the 43Al channel terminal. 

(a) A modification of the supervisory and 
alarm relay circuit to provide for no-car­

rier alarm with open loop PLS operation, and 
to permit the use of channel terminal circuits, 
equipped with a supervisory relay in TLX 
operation. 

.J 
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r (b) An adjustable send bias control potenti ­
ometer for 20 ma subscriber loop opera ­

tion. 
(c) A method for operating a neutral loop 

channel terminal with a type 2 hub in test• 
board offices. 

(d) A half du plex int<:rconnect ing network to 
permit back-to-back operation of neutral­

type channel terminals with intermediate 
drop-off loops. 

(e) Circuitry to permi t one-way operation of 
a number of 43Al carrie .r telegraph send­

only channels from a 10C carrier te legraph 
L. channel, or a relay-type de line repea ter. 

1.03 The system is a frequency shift system. 
Mark and space signals are for med by 

shifting the carrier frequency between values 
which are 35, 40, 45, and 50 cycles, respective ly, 
above and below the nominal midband fre­
<1uency of a cha nnel depending on the l)Osit ion 
of the chann el frequency in the carrier fre­
quency spectrum. Each channel terminal con­
tains its own carrier-suJ)ply oscillator so tha t 
the terminal is adapted to small installations 
and for use on subscr iber premises. 

1.04 The ac circuits of the basic channel ter-
minal unit are the same for all channels . 

The equipment is entirely electronic. The operat­
ing frequencies of a particular channel terminal 
are determined by two })lug-in frequency de­
termining units, one for sending and one for 
receiving. In addition, the entire channel ter­
minal is a plug-in unit and is thus conveniently 
repla ced or removed for bench maintenance. 
Power supply and line and loop circuit connec­
tions are made externally through a socket 
mounted on a framework which in t urn mounts 
on a 19-inch relay rack panel. The appearance 
of a channel terminal is show n in Fig. 1 and 2. 

1.05 In providing service to outlying TLX sub-
scribers, the 43Al system has the ad­

vantage of providing three signaling conditions; 
mark, space, and no-carrier current. This allows 
supervision of the open-line type like that pos­
sible over de polaren tial circuits and results in 
simplifications of the supervisory equipment at 
T'A'X switchboard offices. 

1.06 Since the sending and receiving input cir ­
cuits of the channel terminal are un• 

balanced , a line or line hybrid transformer is 

Po9e 2 

always required between the terminal and the 
connected line. 

1.07 The wiring of the plug-in unit is arranged 
at the factory for one or the other of two 

de circuit options. 

(a) Neutral loop operation. 

(b) Type 2 hub operation. 

The two basic types of terminals are not inter ­
~hangeable and no provision is made for field 
conversion from one option to the other. 

1.08 When the terminal is arranged for neu-
tral operation, various external wiring 

arrangements provide for the connection of the 
termina l to testboards, to the TLX circuits of 
TWX switchboards, or, at a subscriber station, 
to the teletypewriter. The neutra l loop arrange­
ment is also used, with a 90A2 repeater, for 
connect ion to the type 1 hub of the No. 1 service-

rboard. For connecting a neutral loop channel 
termina l to a type 2 hub at a testboar d office, 
a 90Cl loop repealer and a 144Al coupling unit 

L. are required. 

1.09 \'l'hen the channe l termin al plug-in unit 
is arrang ed for type 2 hub operation, the 

external wiring connections are made to a No. 2 
or 9B scrv iceboard or to a testboard. 

1. 10 Where desired . a universal wiring ar-
- rangem ent may be provided so that most 

of the external wir ing pla ns can be obtained 
merely by changing straps on a ter mina l block. 

2. TYPICAL BLOCK DIAGRAMS FOR A SYSTEM 
TERMINAL 

2 .01 A 43Al system consists of one or more 
· cha nnel terminals located at each end of 

an interconnecti ng facility together with line 
filters and balancing networks, when required, 

-to provide separation from other services utiliz­
ing the same facility. 

2.02 A 43Al system terminal is a group of one 
or more channel terminals which are con­

rnecte d in parallel lo whatever line equipment 
is common to all, usua lly through a set of tele-

L.graph line j, ,cks. Fig. 3 to 8, inclusive, are typi ­
cal block diagrams, for illust rative purposes, of 
system termina ls with various 01)Crating ar ­
rangements as st.awd in the titles of the figures. 
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3. FREQUEN CY ALLOCATIONS AND CHANN EL 
NUMBERING 

3.01 The allocation of frequencies, togeth er 
with the method of numbering the chan­

nels, is indicated in Fig. 3 to 8, incl usive. 

3 .02 For 4-wire operation , all 17 channe ls may 
be used in each direction of transmission. 

It is genera lly desirable to opera te 1-wire sys­
tems with the same channel frequency in both 
directions on each channel. In cases where ob­
jectionable interference between sending and 
receiving equipment is encou ntered, the fre­
quency allocations shown in F ig. 3 may be used. 

3.03 For 2-wire operation, it is necessary to 
use different frequencies for the two di­

rections of transmission and only half the num­
ber of chann els are available. For this type of 
opera t ion, a typical channel grouping and fre ­
quency allocation are shown in Fig. 4. Since 
there is an odd number of channels in the sys ­
tem, one of the channels can only be used as a 
one-way channe l in either direction. In Fig . 4 -
the 425-cycle channel is show n thu s. This cha n­
nel should be used to transmit or receive in the 
same direction as the 595-cycle channel. In cases 
where it is used in the opposite direc tion, the 
difference between send and receive chann el -
levels measured at the line ja ck shou ld not ex-­
ceed 18 db. The channels in the above voice 
group (3550 to 4580 cycles) are usually opera ted 
on a 2-wire basis on open wire and may be op­
era ted on either a 2- or 4-wire basis on cable. 
These chan nels have wider midband spacing 
than those in the voice ran ge an d shou Id be 
arranged as shown in Fig. 5 and 6. When t he 
singl e 3550- to 3750-cyclc channe l is used be­
tween voice and H-type carrier telep hone fac ili­
ties, it shou ld be ar rang ed as shown in Fig. 7 to 
secure the optim um frequency s1>acing with re­
spect to the carrier freq uencies of t he H-type 
equipment. 

3.04 It is sometimes desirable to shif t from 
4-wire to 2-wire operation at a point 

where a stem line separates into groups of 
branch lines . Fig . 8 shows a typical arrange ­
ment where all 17 channels on t he 4-wire circuit 
are involved. Smaller numbers of channels ma y 
be used in the same pattern. 
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3.05 The nominal midband freque ncies shown 
in Fig. 3 to 8 are not used for transmis­

sion. The t ransit ion from mark to space, or 
vice versa, is made in a shift of 70 to 100 cycles, 
depend ing on the cha nne l, without phase dis­
cont inuity. In the voice-freq uency band, the 
nominal midband channel frequenc ies, like those­
of the 40-type systems, arc spaced 170 cycles 
apart, and the mark and space frequencies, 70 
cycles apart in each channel as shown in Fig. 11. 
In the high -frequency band, the spacings between 
nominal midband chann el freque ncies and the 
amount of shift vary from cha nnel to channel; 
the actual values used a long with the filter 
cha racter istic curves are shown in Fig. 10. 

3 .06 Two cont rol switches are mounted on the 
face panel of the 43Al terminal, the 

SEN D (HM 0 1· LM) and the REC (fl + or L+ ) 
switc hes. 'l'hese switches ma ke it possible to 
select either the higher or the lower frequency, 
as desired, for the marking frequency of the 
channel. The marking freq uency referred to at '7 
th is point is the frequency which will be pro­
duced by or cause the closure of the de loop as­
sociate d with the chann el terminal. In th e case 
of the voice-freq uency chann els, as indica ted in 
the filler cha racte ristics diagram of Fig . 11, the 
higher frequen cy is shown for the marking sig­
nal for all channe ls. For the chan nels in the 
above voice region there is an advantage in the 
selection shown in Fig. 10 which shows the chan­
nels in the upper par t of t he reg ion using the 
highe r frequency for marking and the channels 
in the lower part of the region using the lower 
frequency for mar king . Under norma l conditions 
in HDX operation where each chan nel is sendi ng 
signal s in one d irect ion and receiving a stea dy 
marki ng signal in the other direction, the fre­
quency of the steady mark ing condition is as far 
distan t as J>ossible from the sig nal frequencies 
in the sending direction. The possibility of cross­
fire between the two di rections of transm ission 
in the sa me chann el is thus minimized. J 

4 . DESCRIPTION OF CHANN EL TERMINALS 

A. Genera l 

4 .01 In an AM te legraph ca rrier system, such-
as the 40 type, signals are formed by send­

ing carr ier curren t for marks and in terrupti ng 
t ransmission ent irely for spaces. In a frequency 
shift system, such as the 43Al, the marks con-

Page 3 
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- sis t of period s of ca rrier of one part icular fre­
quen cy and the sp aces of periods of car rier of 

- another frequen cy. T he voltage amplitude of 
-the carrier fr equency on the carrie r line is t hus 

cons tan t whether mar king or spaci ng, and only 
-the car rie r fre quency cha nges. Signal transmis­

sion is accomp lished by means of a modulator 
which shi fts the fr equency of the oscillator 
source up or down by an appreciable amoun t 
(70 t o 100 cycle.s in t he 43AI syste m) at each 
signal tra nsition. An osc illa tor is associated with 
each channel te rminal. The des ired frequ ency 

- shif t is obta ined by al te ring the capacity of the 
- osci llat or tank circ uit. 

4.02 DC signals from the sending loop contro l 
an elect ron ic modu lator, which cut's in 

and out, by means of diodes, an additiona l <:a­
pacit.ance in the tune d circuit of the osci llator 
and t hus 1l1·oduces one frequency for a mark and 
another freque ncy, differing by 70 to 10(1 cyc l~s, 
for a space. The marki ng or spacing fr equencies 
are the n amp lified and passed th ro ugh the 
SEND filter to the line. 

4.03 Reception requ ires means se nsitive to fre­
quency changes to disti nguis h between the 

marking and sp acing elements of the signa ls. 
Thi s is l)rovided by the "discr imina to r" which 

- funct ions essentially like two t uned ci rcuits , one 
respo nsive to t he markin g freque ncy and the 
other to the sp acing fr e<1ucncy. Eac h of these 

-t uned circuits is associa ted with a ,·ecti fier . 

4.04 Th e principa l feat ures on the receiving 
side a re t he receiv ing filter , a 3-stagc 

amplifier limiter, a discriminator, two varistor• 
type recti fiers with their outputs connected dif­
ferentially, and a de am 1ilifier or receiving 

-ou t put stage which acts as an electronic relay t,> 
· cont rol the curr ent in the receiving loop. 

4 .05 'l'he opera t ion of the circ uits of the chan -
ne l terminal is descr ibed in detail below. 

For simplicity, the channel termina l shown in 
Fig. 12 is descr ibed on the assumption that it is 
connected fo r full duplex operat ion with 
± 130-volt (tha t is, 2 po la rity) loops and is con­
nected to a 4-wire facili ty. Under t hese condi ­
tions, the two d irect ions of tran smission ar e 
entir ely sep ara te from the sending keyboa1·d at 
one end of the circui t to the receiving te lety pe­
writer at the othe r. The du plex switch (DX) 
must be operated to full duplex (FOX) for t his 
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case. F ig. 12 also sho ws, in pare nt heses, the loop 
volta ge requ ire d when the loops are operat<id 
from positive 130 volts to ground and from posi­
t ive 130 volts to nega t ive 48 volts. Al though not 
sho wn in t his Fig., loops may also be operated 
from ground to nega tive 130 volts a t the cathode 

-of the receiv ing tubes , which is known as 
- grounded loop ope l'a ti on. 

B. Sending Circuit (Fig. 12) 

Send ing loop and Mod ulator 

4 ,06 In fu ll duplex operation, when the send -
ing telety pewr iter is marking , a curr ent 

of 62.fi ma ftows from the i 130-volt battery at 
lhc retu rn end of the loop throug h R101 resistor 
and DX key contacts 3 and 1 to - 130-volt bat­
U!ry. The vol tage drop across RlOl (abo ut 

r 80 vol ls with res pect to the return voltag e of 
the 1001>, in th is case - 130 volts ) is divided by 
the 124-ohm and 856-ohm sections so t hat about 
6fi per cent of the total voltage drop or I 58 volts 
is appl ied to the g rid of V2 (b) tube. As the 
cat hode is held at ap proxima te ly + 37 (in re­
spect to - 130 volt) volts by the Rl4, Rl5, and 
R 16 potentiometers, the potential of the grid 
with res pect to the cat hode is approximate ly 
I 16 volts assum ing no grid curr ent flows, and 

lhc tube will cond uct. When the teletypewr iter 
statio n is sen ding over a long loop, the signal 
wave ap pearing ac ross RlOl res istor will be 
rounded off due lo cab le ca pacity. Since the 
se nd cont rol tube wil l conduct and send a mark 
when the sig nal wave has reached 66 per cent of 
its peak val ue, and t he s lope of the lead ing 
E>dge of the wave at t his point is sti ll vertical, 
the voltage d ivision tends to compensate for the 
signa l bias in long loops. Thus, conventional 
wave shaping, as speci fied in the loop loading 
practice, is not necessary and should not be 
used. In half duplex operatio n, the voltage di­
vider is d isconnecte d by the DX switch. Th e loop 
curre nt flows throug h the plate and cat hode 
circuit of the V6 and V6 receiving output tubes, 
and the interna l impedance of these tubes takes 
the place of R101 resistor. 

L. 4.07 When the station teletype writ er is sp ac-
ing, the loop is opened, thereby discon­

nect ing the + 130-volt batt ery. The grid of 
V2 (b) tube is held at - 130 volts so that the 
potential of the grid with respect to t he ca thode 
is about - 40 volts and the tube is cut off. 
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4 .08 The V2 (b) tube is conneeted as one arm of 
a de bridge (Fig. 13). \Vith the tube con­

ducting and th e SEND switch in the LM posi­
tion, the bridlfe is unbalaneed and a current of 
2.5 to 5.0 ma, depending upon the tube , flows 
through the CRl to CR4 diodes in the forward 
direction of t he arrows; th,,t is , in the low im­
pedance or conduct ing direction. \Vith the tube~ 
cut off, the bridge is unbalanced in the opposite 
direction and 10 to 20 volts are applied to lhe 
djodes in the reverse or high-impedance direc- ~ 
tion. 

Note: The V2 tube contains two inde­
pendent t riodes, one designated V2 (a) in 
the supe rvi sory circuit and the other V2 (b) 
conneeted as the send contro l tube desct·ibed 
above. The Vl and VS lubes are similarly 
consll'ucted, For simplicit)' , the triodes are 
shown as independent l ubes in Fig, 12. 

Oscillator 

4.09 Both marking and spacing frequencies 
are produced by a single oseillator whieh 

consists of Vl (b) tri ode and an associated os­
ci llating circuit. \Vith the CRl to CR4 diodes 
p1·esenting a high impedance or pra ct ica lly non-~ 
conducting, the main tuned ci1·cuit of the oscil­
lator consists of the primary windi ng of Tl 
transformer (terminals 5 and 7 of the send net­
work) and CA and CB or CC tuning capacitors . 
Under th is condi tion, the oscillator is t uned to 
the higher carr ier frequency. The OSC potenti­
ometer, toge ther with RA resistor and CD ca­
pacitor, provides a fine tuning control. \\' ith this 
fine tuning, the frequency can be varied about 
10 cycles in I.he voice range and 15 cycles in the 
higher-frequency range. 

4.10 \Vith the CR! to CR4 varistors presenting_ 
a low impedan ce 01· conducting, the CG 

capacitor is effective ly bridged to the oscillator­
tuned circuit (coupled through Tl transformer) 
and the frequency is shifted to the lower value. 
The varistot'S function as a series switch under 
the cont rol of the V2 (b) send control tube. No 
separate adju stment is provided for the lower 
carrier frequency since CG determines the 
amount of shift. 

4 .11 The switch designated SEND is a revers­
ing switch for the diodes. \Vhen the SEND 

switch is operated to LM, the poling is such that 
a mark in the send loop will cause the V2 (b) 
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tube to conduct, which will cause the varistors 
to conduct, which in turn will connect the CG 
capacitor and cause the oscillator to generate 
the lower freq uenCJ/. \Vhen the SEND switch is 
opera ted to HM, a mark in the send loop will 
cau se the oseillato1· to generate the higher fre­
quency . 

4.12 The Vl (b) oscillator tube is operated 
with a plate potential of only about 

60 volts, thus making the earrier voltages and 
curre nts applied to the varistors sma ll in com­
pariso n with the de control voltage and current. 
'fhis insures that the varistors appear as a high 
or a low im1>edance over the whole cycle of the 
carrier fre<1uency. 

Sending Amplifier ond Send Filte r 

4.13 The oseillator output power is adjusted 
by the SEND LEV potentiometer, ampli­

fied in the VI (a) t ube and passed through the 
send filter to the send bus and line, The output 
telegraph level may be varied from a maximum 
of + 6 dbm to a minimum of practically no 
output. 

4 .14 \Vithin the associated channel frequency-
band t he send filter input impedance­

across tern1ina ls 1 and 3 is about 7500 ohms, but 
only 600 <>hms between terminals 2 and 4, thus 
seeming a sa tisfactory impedance match to both 
the µlate circuit of Vt (a) and to the external 
cireuit. Outside the associated channel frequency, 
band the impedance between termina ls 2 and 4 
in sufficienll) • high as to be negligible, 

C. Receiving Circuit (Fig. 12) 

Receivi ng Filter and Amp lifier limit er 

4.15 At the receiving end of the circuit, the 

.J 

carr ier is selected by t he approp,·iate re­
ceiving filter. Like the sending filter , th is is an 
impedanee transforming strueture presenting 
600 ohms toward the line within the associat ed ­
cha nnel frequencr band, but about 140,000 ohms­
toward the grid cathode circuit of the first 
amplifier limiter stage V3 (a), The sensitivi ty 
of the receh-er is such that it will operate with 
input carrie r le,·el~ as low as - 55 dbm on elec­
trieally quie t cireuits. It will also opei·ate on 
carri er levels as high as + 6 dbm. 

4.1 6 The carrier selected by the receiving filter 
is passed through a 3-stage resistance ca­

pacitance coupled amplifier limiter consisting of 

Pago 5 
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V3 (a), V3 (b), and V4 tubes and associated 
circuits. Between the first and second stages the 
gain is adjusted by means of a REC GAIN 
potentiometer. 

4,17 
r' 

The purpose of the limiter is to .keep the 
output of t he V4 tube constant over a wide 

range of levels received from, the line, When the 
carr ier level is in the lowest portion of t he ra nge 
described in 4.15, practically no limiting takes 
place. As the receive level is increased V 4 tube • 

L.pontributes most of the limiting action. The 
1-megohm resistor in series with its grid pre­
vents the grid from going positive and so con­
fines swings in plate current to the range from 
0 to about 10 ma, and the outp ut is practic .ally 

-constan t, When the input level is so high that 
grid current tends to flow in VS (b) and V3 (a) 
tubes, these tubes also contribute to the limiting 
action due to the resistors in their grid circuits, 

4.18 The grid of the V2 (a) supervisory tube 
is controlled by the rectified ac plate 

voltage of the V4 limiter tube. The funct ion 
of this tube is to detect the presence and absence 
of carrier. \,Vhen carrier is present V2 (a) tube 
is in its conducting condition whether the car• 
rier frequency is marking or spacing. In the 
absence of carrier, the supervisory tube should 
bec.ome nonconducting, If the limiter tube is 
operating ·in a region where considerab le limit­
ing is taking place, loss of carr ier may shift tbis 
tube to a region where very little limiting oc­
curs. This will in effect increase the sensit ivity 
of the supervisory circuit. For this reason, when 
the supervisory circuit is in use. it will be nec­
essary to set the receive gain potentiometer for 
no higher gain than is necessa1·y to secure sat -

ri sfactory transmission, in order to prevent the 
occurrence of false supervisory signals resulting 

t.from line noise or cross channel interference in 
the absence of carl'ier . The method of doing this 
is described in detai l in tbe operating practice. 

Discriminat or, R• ctifier, an d DC Amplifier 

4.19 The output of the V 4 limiter tube is 
passed on in two directio ns. A small part 

of the output is rectified and amplified in V2 (a) 
tube, providing about 10 ma de for operating the 
supervisory relay as described later . The main 
output of V4 is passed throug h the primary 
side of the discriminator, This str ucture con­
sists of two antiresonant circuits in series which 
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are tuned respectively to somewhat higher and 
lower frequencies than the high- and low-signal 
frequenc ies. \Vhen the lower frequency is re­
ceived, the voltage across terminals 4 to 7 is, 
t herefo re, considerably higher tha n that across 
7 to 10; conversely, when the higher freque ncy 
is received, the re,•erse is the case. 

4.20 ~ 1hen the REC switch is operated to L+, 
connections are made as shown in Fig, 14. 

\Vhen the lower frequency is received, it is rec­
tified chiefly by CR6, resulting in a dil'ect cur ­

r rent flowing in R32 in the direction of the ar-
1·ow, The voltage at the D pin jack is, therefore, 
positive with respect to the voltage at the C pin 

L.jack, and V5 tube will conduct. This produces 
a marking current in the receiving loop. 

4.2 1 ~ 1hen the higher frequency is received, 
it is rectified by CR7 res ulting in a de 

flowing in R33 in the direct ion of the ar row. 
-The voltage at the D pin jack is, therefore, nega-
-tive with respect to the voltage at the C pin 

jack, and the tube will be cut off. This produces 
an open or spacing condition in the receiving 
loop. For 62.5 ma loops, two tubes, V5 and VG, 
are connected in paralle l to produce sufficient 

-current. For 20 ma loops only V5 is used. 

4.22 The REC switch is a reversi ng switch, 
- ~ 1hen operated to L+ , the curcuit will 
-operate as descr ibed in 4.20 and 4.21, so tha t 

the received lowe r f requency will produce a 
ma rk, \Vhen the switch is operated to H +, t he 
circu it to the rectifiers is reversed so that a re­
ceived hig her freq uency will cause a mark. 

4.23 Capacitors bridged.. across R32 and R33 
resistors bypass -the carrier frequencies, 

and by lowering the impedance at these fre­
quencies in the output circuit of V4 as compared 

-with the impedance offered to the dot-eycle fre­
quency, they tend to increase the relative volt­
age amplitude of the latter. 

4.24 The importance of the limiter is now ap-
parent, for since the discriminator would 

translate either changes in frequency or changes 
in magnitude appearing at its input into cor­
responding voltage variations across D and C 
jacks, it is necessary that magnitude changes be 

-effect ively eliminated by the limiting action of 
the preceding tube stages. \Vith the arra nge­
ment employed, the V4 tube generates a plate-to-
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cat hod e ac voltage which is relatively inde-'1 
pendent of signal amplit ude or frequency. This 
voltage contro ls the action of the disc1·iminator 
-circuit as descr ibed in 4.19 through '1.23. Due to J 
the limiti ng act ion, variations in level, which 
affect equall y the marking and spacing f re­
quencies , cause no signal dist ortion; in other 
words, frequency shift opera t ion gives ex­
tremely effective level compensation. However, 
differences in le,•el between the marking and 
spacing cur1·ents cause bias. therefo r e they 'l 
should be kept to a minimum in a frequency 
sh ift system. 

4.25 The rect ified sign als are passed through 
the low-pass filter (Fig. 12), consisting 

of Ll coil and C15 capac itor. This filter has a 
cutoff of about 40 cycles, or slightly abo,·e t he 
dotting f requency of 100 words-per-minute sig ­
nals . Its purpose is to d iscriminate aga inst in­
terfering frequencies exceeding about -JO cycles. 

J 

4.26 In the circui t shown in Fig. 1-1 t he grid of '1 
V6 is unbiased with respect to its cathode. 

The received marki ng and spacing carrier cur­
rent causes approx imate ly equal posith'e and 
nega tive voltages , respecth •ely, of about 50 volts 
on the tube gi·id circui t when the REC BIAS 
potent iometer is electrically centered. The grid 
cannot be a))J)t'eciably positive because of the 
1-megohm resistance in series with it. The tube 
euts off with about 8 or 9 negative grid volts. 
The transition from marks to spaces, therefol'e, 
would occur whi le the grid potential is dropp ing 
from O to - 9 volts, The resul ting waveform of 
the signal in the loop is a close approximat .ion 
of a square wave, but still contains some mark ­
ing bias. 

4.27 This marking bias could be compensated 
for by biasing t he grid negatively about 

5 volts. This effect is obtained by prebias ing the 
signals by means of th e R42 1·esistance (Fig. 12), 
so that their mean value is - 6 volts with 1•espect 
to the cat hodes of V5 and V6, In other words , 
the magn itude of the po~itive voltage is made 
12 volts smaller than the magnitude of the nega­
tive voltage. The REC BIAS potentiometer pro­
vides means for additional bias compensati ons 
by the same method. This add itional compensa ­
t ion is in the order of ± 10 to ±15 per cent and 
is intended to take care of bias varia t ions f l'om 
other sources , 

J 
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4.28 The V5 and V6 tubes act in parall el as an '1 
electronic switch which is c losed by posi­

t ive voltages across D and C jacks and which is 
opened by negative voltages across these same 
points. It shoul d be noted tha t the actual circuit 
of an electronic loop is not opened and closed 
in a physica l sense. The control of curr ent is 
accompl ished by the cha nge of impedance in the 
plate-cathode circuit of the output tubes. When 
t he receiving loop is closed (tub e impedance 
low) current flows from t he externa l loop bat­
tery through the loop and pla te-cathode circ uit 
of the output tubes to cathode battery. This 
cur rent operates the receiving TTY to marking . 
IVhen the loop is opened (tube impedance high) 
the cun ·ent is effective ly zel'o, and the TTY re­
ceives a spacing signal. Under the spac ing con­
dition negligible leakage curre nts in the order 
of 1 ma or less may continue to flow. If there 
is no incoming carr ier cur rent of eit her mark­
ing 01· spacing frequency the mean negative bias 
ref erred to in 4.27 will not be present. The 
grids of V5 and V6 wil l be at. the same potential 
and a curr ent slightly less than normal mark­
ing current will flow in the tubes and in the re­
ceiving loop. This cur rent is in the order of 
57 ma and will prevent the teletypewriter equip­
ment in the loo)) from running "open." This is 
known as the "mal'k -hold" feature of 43Al 
ter minals. 

4.29 Fig. 15 is based on Fig . 14 and shows the J 
de voltage outp ut versus the frequency 

of the carrier input to the discriminato r. \Vhen 
the carr ier frequency is at the channel midband­
value, each of the tuned circuits of the dis­
crimi11ator is approximate ly at half response 
and equal amplit ude voltages are delivered to 
the half-wave rectifiers. This res ults in zero net 
output. ac,·oss the series connected 1·ectifier loads. 
For frequencies awa y from midband, the effect 
of working on opposite slopes of the two resonant 
circuits of the rliscl'iminato1· causes the output 
from 011e of the secondarr windings to exceed 
that from the other and thus produces a 11et de 
voltage from D j aek to C ja ck. Typical values 
of D to C voltage are given in Table C. These 
values are not crit ical and may vary by several 
per cent from one chann el tel'minal to another. 

0 . Chan:,e l Terminal Controls 

4.30 The following elements in the circ uit are 
adjustable and are classified as to whether 
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they are part of the plug-in termina l or external 
to the terminal. 

(a) Sending Circuit 

Mou nted on Plug.I n Termina l 

(l) A SEND switch for arranging the cir• 
cuit to send either the higher or the 

lower of t he two signaling f requencies for a 
marking signal. 

(2) An OSC potentiometer for making fine 
adju stm ents of the higher oscillato1· 

frequency. 

(3) An OSC switch for turning the oscil­
lator on and off for testing purposes. 

(4) A SEND LEV potentiometer for setting 
the transmitting level. 

Mou nte-d Exte rna l to Plug• in Te rminal 

(5) A loop pad rheostat or fixed resistanc e 
to adjust the send loop resistance to 

the desired value. 

(6) A duplex switch (DX) as an option, 
when convenient switching between half 

and full duplex service is required. 

(7) A send bia.5 adjustment potentiometer 
to adju st the voltage level a t which the 

V2 (b) send control t ube will conduct. This 
potentiometer is optional, and is used only 
for 20-ma loops of over 2-mile length. 

(b) Receiv ing Circuit 

Mo unted on Plug- in Ter min al 

(l) A REC GAIN potentiomete r for adj ust.­
ing the gain of t he amplifier limiters. 

(2) A REC switch for arranging the circuit 
so that either the higher received car• 

r ier frequency or the lower will produce a 
mark in the receiving loop. 

(3) A REC BIAS potentiometer for adjust-
ing the re lative magnitude of the mark ­

ing and spacing signals after rectification 
and hence the bias of the received signa ls. 

(4) A LP CUR potentiometer which con-
trols the screen potential in the receiv­

ing output tubes. 

Mount ed External to Plug-in T erminol 

(5) A lo<>p pad rheostat for adjusting the 
receiving loop resistance to the desired 

value. 
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E. Filament Supply 

4.3 1 The heaters of all tubes are connected in 
parallel across pins 5 and 8 of the chan­

nel terminal connector. For a standard negative 
-24-vo lt power supply as shown in Fig . 20, pin 8 

is connected externa lly to the -24-volt battery. 
Pin 5 is connected externally to a FIL ADJ rheo­
stat, R102, to drop the 24-volt battery voltage 
to the required 20 volts for the tube heaters . I n 
adjusting the sett ing of Rl02, a voltmeter may 
be connected between the FA and FB test points 
which are provided in the external circuit. 

4.32 For TTY station sets using a KS-5663, 
List 6 rectifier for power supp ly, t he t ube 

heaters (pins 5 and 8) are connected d irectly to 
the 20-volt ac tap on the rectifier. 

4 .33 In cases where the only battery supply 
avai lable for the heaters of the t ubes is 

negative 48 volts, two options are provided. If 
the number of terminals is small (not over six) 
or if there is an odd number of terminals, the 
heaters of each channel terminal may be con­
nected to the 48-volt supply through a series 
resistance which red uces the voltage to 20 volts . 

-Th is option, shown in Fig. 21, should be used 
as infrequently as possible. A second option, 

- shown in F ig. 22, is provided for 48-volt opera ­
tion in which the heater circuits of two terminals 
are connected in series. If there is an odd num­
ber of term ina ls involved, one terminal must be 

-supplied by using the circuit of F ig. 21. A frame 
switch is provided for each termina l which auto­
matica lly replaces the heate1· circuit with a 
dummy resistance when the plug -in unit is re­
moved from the frame. \'/hen this option is used 
for term ina l units which operate in 20-ma loops, 
the second receiving tube (V6) is not used, and 
its heater must be simulated by a dummy re­
sistance plugged into the tube socket. 

5. DC LOOP CONNECTIONS TO CHANNEL 
TERMINALS 

A. Loop Options (Table s A an d 8) 

5.0 1 The types of de connections which may be 
provided wit h the 43Al tel"minal are sum­

marized in Table A. So far as the plug-in chan ­
nel term ina l unit is concerned, two options are 
provided, one for neut ra l loop operation and 
one for type 2 hub operation. T he units are wired 
in the factory for the option ordered, and they 
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TABLE A - DC LOOP CIRCUIT OPTIONS PROVIDED WITH 43A1 TERMINAL 

TYPE Of TEIMINA.l SERVICE LOOP IA.nUY 
(NOTE 11 INOfE 21 lYPE OF CI RCUIT VOLTS CUR. (MA> 

Neutra l Private Line TLT ± 130 62.5 
Loop Type (PLS) TLT + 130/G rd 62.5 or 20 

(Note 3) TLT + 130/ - 48 62.5 or 20 
TLT Grd / - 130 62.5 or 20 
Subscriber Station - -! 130 62.5 or 20 
130B1, 130B2, 130CI 
Sul>set 

' Ringdown Intertoll Trunks ± 130 62.5 
Tol l 3A, 5 Swbds 
Sub. or TLT 
Open 
Line Loop :J:130 62.5 

Toll 1, IA, 3C Swbds ± 48 20 
TTY Exchange Sub. 
(TWX) Line Line Cone Units ± 130 20 

(TL X) 
Intermediate Point :±:130 62.5 

:±: 130 20 
+ 130/ - 48 20 

Tandem FDX See. ±180 62.5 
Substation-130B1, 130B2, + 180 20 

130Cl Set 

PLS or TWX Type 1 Hub - No. 1 Service-
Ringdown Ti·unks board (Note 4) ± 48 20 

Type 2 Hub - No. 9 Testboa rd Note 5 
Hub Type (Note 6) 

Type 2 Hub- No. 2 & 9B Note 5 
Serviceboards - No. 9 
Testboa rd 

Notes 

1. Plug- in units manu factured for neutral loop operation are not interc hangeable with t hose for 
type 2 hub operation. 

2. An optional duplex switch is provided in t he neu tral loop when FDX operation is required. -

3. All priva te line circuits in a par ticular office shou ld operate with the same loop battery combi­
nation. 

4. Termina l opera tion is neutra l loop through 90A2 repeater to hub . 

5. Th e type 2 hub opera tes HDX with + 60 volts for mark and - 30 volts for sp ace. For FDX hub­
opera tion, the receiving leg (RL) of the channe l terminal operates with - 10 volts for mark and­
- 60 volts for space. 

6. Netura l type channel terminal operating throu gh 90Cl loop repeater and l44Al coupling ­
unit to No. 2 hub. 
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r cannot be converted by field modification. An 
external connection circuit can be provided so 
that either the hub-type or the neutral-loop type 
channel terminal can be install ed in a given po­
sit ion on a relay rack ba)'. However, each chan­
nel terminal will still only operate according to 

L. the option for which it was ordered. For No. 1 
serviceboard applications ( type 1 hub) the neu­
tral loop arrangement is used with the conver­
sion to hub operation through the 90A2 repeater. 

rif it is required to use a neutral-loop type chan ­
nel terminal for No. 2 hub operation, conversion 
can be accomplished by means of a 9001 loop 
repeater and a l44Al coupling unit. 

5.02 In addition to the external connection cir-
cuit covered in 5.01, other external con­

nection circuits are provided to cover the op­
tional arrangements shown in Table A. An 
optional universal wiring unit may be provided 
which makes it possible to obtain most of the 
desired de options merely by changing straJ>­
pings on a terminal strip. \Vhen a channel ter­
minal is used at the subscriber station, the 130-
type subset furnishes the socket and the external 
connections. 

5.03 For TWX service, the external circuits 
a lso provide for the connection of the 

necessary supervisory leads. At the centra l office 
end, this is a connection to the supervisory re­
lay in the TLX circuit which may be derived 
directly from the plate circuit ot the supervisory 
tube or from a contact on the supervisory relay 
associated with the channel terminal. When the 
subscriber station includes a channel terminal, 
the plate battery supply of the oscillator tube in 
the channe l terminal is controlled by a pair of 
contacts on the station power switch or the 
equivalent. Ringing equipment is provided which 
may be operated over the carrier channel from 

L. the cent ral office switchboard. 

5.04 Table B gives the maximum or limit ing 
values of loop resistance external to the 

channel terminal for the var ious values of loop 
current and voltage. As indicated by Note 2 of 
the table, other considerations than resistance 
may determine limiting lengths of loop. 

r' 5.05 For 20-ma subscriber loops exceeding 
2 miles in length, an external send bias 

control potentiometer circuit is provided, which 
t..is connected in parallel with R106 resistor as 
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TAB LE B - LOOP CURRENT AND VOLTAGE 

CHANNEL 
TlRM INAl lXTHNAl 

EXTERNAi.. (ND OF Loo, too, 
IAntRY IPIN 13, RH ISTANCI 

CUHENT IV OLTS) CATHODU fOHMS) 
iMAJ INOff 1) IVOlT SI CNOTt 2) 

20 + 130 Grd 2500• 
20 + 130 -48 4900· 
20 + 48 -48 800 
62.5 +130 Grd 800 
62.5 +130 - 48 1570 
62.5 + 130 -130 2880· 
62.5 Grd -13 0 800 

Notes 

1. External battery is TLT battery or battery 
supplied through a connecting circuit such 
as TLX circuit. In all except the ± 130-volt 
case, an addi tional + 130-volt connection is 

➔ made either directly or through 15000 to the 
terminal via pin 15. The resistance of the 
receive supervisory circuit (RS), connected 
to pin 6 of the channel terminal, should not 
exceed 2500 ohm.s. 

•2. The starred values of resistance cannot be 
used for computing maximum permissible 
length of cable pairs due to resistance of 
equipment units at far end of loop and ca­
pacity effect. 

rshown in Fig. 19. This potentiometer permits 
adjustment of the amount of voltage swing aJ>­
plied to the grid of the V2 (b) send contro l tube 
to compensate for changes in wave form caused 
by the capacity of the loop cable. For 62.5-ma 
FDX loops, the fixed voltage division, obtained 
by the tapped RlOl resistor, Fig. 12 as described 

t..in 4.06, is satisfactory. 

8 . Full Duplex Operation 

r' 5 .06 For this case, the DX switch if provided 
is operated to FDX. \Vhen the DX switch 

is not provided as in direct leg serviceboard op­
eration or some forms of testboard operation, 
some satisfactory substitute for RlOl is required. 
The operation of this circuit is covered in Part 4 
in connection with the description of the channel 

L. terminal. 
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C. Half Duplex Operation !Fig. 121 

5.07 The following description is based on 
± 130-volt loop operation. Figures in pa­

ren theses show loop battery voltage for other 
combination s. 

5.08 \Vith the DX switch operated to the HDX 
posit ion, the 1·eceiving loop is discon­

nected, a connection is made between the output 
of the receiving circuit and the send loop so 
t hat th is loop serves for both sending and re­
ceiving, and the connection to - 130-volt battery 
via termina l 1 of the switch is removed. An in­
coming marking signal from the cat-ricr line 
causes V5 and VG tubes to conduct. \Vith an 
80-volt drop through the tubes and a total loop 
resistance adjusted to 2880 ohms by means of ­
the external loop rh eostat, the loop curr ent is-
62.5 ma and t he teletypewriter at the end of the 
loop is receiving a mark. The voltage to ground -
at the LP test jack of the chann el te,·minal is­
- 50. As the cathode is held approximate ly at 
- 93 volts, V2 (b) t ube will conduct. The po-
tent ial drop of 80 volts which was across RlOI 
for the full duplex case has been replaced by a 
drop of 80 volts in the plate circuits of VS and 
V6. Thus, sending ftom the loop is similar to 
that described for f ull duplex. 

5 .09 An incoming spacing signal from the car-
r ier line makes V5 and V6 tubes non­

conducting. The loop current drops practically 
to zero (approximately l ma for 260-volt opera­
tion, 0.5 ma for 180 volts), and the station tele-'1 
typewriter receives a space. The potential on 
pin O of the channe l terminal connecting jack 
is held positive in respect to the cathode of 
V2 (b) tube and a marking signal is transmitted 
back to the carrier line during both incoming ,.J 
marks and spaces from the carrier line. 

5 .10 To transmit a break signal the subscriber-
opens the loop circuit at the station tele-­

typewtiter , which sends a space to the car rier 
line regardle .ss of any incoming signa ls. The 
break feature is provided au tomatically in this 
type of loop circui t because when the loop is 
opened by the station operator, it removes the­
+ 130-volt battery at the end of the loop, and 
the -180-vo lt supply at the cathodes of VS 
and VG tu bes is applied through R65 and R12 
resistors to the gl"id of V2 (b) tube. This makes 
the grid negative with respect to the cathode, 
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the tube is cut off, and a clean cut space is 
transmitted to the car rier line. 

5.11 If a large leakage current exists across., 
the loop conductors , the negative voltage 

supplied to grid 7 of V2 (b) via R65 might not 
be sufficient to hold the tube in a cut-off condi-J 
tion. In such a case, a br eak by the subscriber 
will result in the incoming transmission being 
reflected in an inverted condition to the distant 
carrier term ina l. In this case, the distant send­
ing subscribe r would be broken by a "bust -up" 
of local copy or by operation of the keyboard 
break lock. This would normally be caused only 
by troub le in cable loops. 

0 , 8ock•I O• Bock Operation 

Description of function 

5.12 It is frequently desirable to ope1·ate the de '1 
loop of one neutral type 43Al channe l 

terminal directly into the de loop of anot her. 
This is known as back-to-back operatio n and 
provides an intermediate point where one or 
more branches may be take n from a stem route, 
or monitoring funct ions can be performed. It 
also provides flexibility for establishing circuit 
routes. 

5. 13 Two types of back-to-back connections are 
avai lable. In the first type, the de sides 

of two channel termina ls are interconnected di­
rectly on a full duplex basis as shown in Fig. 9. 
This system is used for through transmission 
when it is desired to change the transmiss ion 
frequency between the incoming and the out­
going cha nnels. No drop-off loops can be oper­
ated with this connection without serious 
distortion in transmission . However, monitoring 
can be performed by using two relay-operated 
te letypewriters. The second type of operation 
provides a hal f duplex circuit arra ngement in 
which it is possib le to interconnect two or three 
channel terminals with one or two relay-type 
loop repeaters on a back-to-back basis by means 
of an interco nnecting network as shown in 
F ig. 23. Drop-off loops are connected to the 
loop repeate rs at the intermediate point for de 
loop operation . The ac outputs of the 43Al 
channel terminal.s connected to the network will 
provide only carr ier transmission. One or more 
of these outputs may be connected to subscr iber 
loops which are equipped with 130-type sets. ,.J 
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r Descript ion of Operation 

S.14 FDX Operation, Fig . 9: This figure pro-
vides for simultaneous transmissio n in 

both directions. A TLT jack circuit is provided 
for both channe l terminals for monitoring and 
loop cur rent adjustment pur poses. A 1·elay-op­
erated teletypewri ter in the \VEST TLT - jack 
circui t will receive from the \VEST termina l 
and send to the EAST terminal. Likewise, a 
teletypewriter in the EAST TLT- j ack circuit 
wil l receive from the EAST terminal and send 
to the \VEST terminal. In the idle condition, 
both the EAST and \VEST terminal s receh·e 
mark ing car rier curren t and each should cause 
its associated ter minal to send mar king carri er 
current. To accomplish this , the SEND and 
REC switches of both the associated terminals 
must be inverted; that is, if the SEND switch 
is at HM, the REC switch must be at L+ and 
if the SEND switch is at LM, the REC switch 
must be at H +. The SC ADJ rheostat and the 
LP CUR potentiometer ai·e ad j usted so that 
when a mark is received by one channel termi na l 
the loop current th1·ough the TLT is 62.5 ma 
and the voltage drop across V5 and V6 tubes 
is 80 volts. Th is voltage, applied at the SL lead 
across the RllO-Rlll potentiometer is divided 
so that - 110 volts are supplied to the grid of 
V2 (b) tube of the other channel terminal. 
Since the cat hode is at -93 volts, V2 (b) tube 
is nonconducting but will send a mar k due to 
the fact that the SEND switch is at the Lif 
position. \Vhen a space is received 260 vol ts ap­
pear across the RllO -Rlll potentiometer and 
- 65 volts at the junction point of RllO-Rlll. The 
send control tube wil I conduct and send a spac­
ing frequency to the distant terminal. The Rl lO­
Rlll potentiometer values are adjusted for 
±130-volt operation only. If the back-to-back 
circuit is part of a system where the lower fre­
quency is being used for a mar king signal, the 
send contro l switches of t he associated terminals 
must be operated to the HM position. No-carrier 
superv1s1on in both directions is repeated 
th rough the back-to-back connection by + 130 
volts from the superv isory .,·elay of either ter­
minal to the super visory lead of the associated 
terminal. 

5.15 HDX - Int erconnecting Ne twork , Fig . 23: 
This ar ra ngement is primarily intended 

for offices which are not equipped with a No. 2 
L. and 9B serviceboard ot· other type 2 hub cir-
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r cuits. \Vhen available, the standard No. 2 type 
hub method of operatio n is preferab le for HDX 
back-to-back ser vices. The channel termi nals are 
arranged for ± 130-volts, inverse neutral, 62.5-ma 
operation with standard alignment, except that 
the SEND switches in all of the channel ter ­
minals connected to the networ k must be at 
H)I and the REC switches of all of t he channel 
termina ls must be at L+. The interconnecting 
network actually is a special form of electronic 
hub circuit in which each send leg has in effect 
a hub of its own and is coupled by means of 
diodes to all receive legs except its own, thus 
eliminating the need for a directional contro l 
circu it. 

S.16 Depending upon the required applicat ions, 
-13Al cha nnel termina ls may be used with 

var ious types of external connect ing figures 
which are shown on the cha nnel terminal circuit 
drawings. A typica l B/ B circuit arra ngement 
for testboard operation of channel terminals is 
shown in Fig . 23. Since the loop terminati ng 
RlOl resistor is associated with the channel ter ­
minal circuit but cannot be used when operation 
with the HDX interconnecting networ k is 1·e­
quired , Fig . 23A, 23B, and 23C are furnished . 
\\' hen using Fig. 28A, the A and E leads of the 
channel terminal are wired directly to th e LEGS 
ja cks of the associated TLT- jack circui ts. This 
option provides only limited flexibility, since if 
patching to spare channels is required each of 
the spares has to be a1Tanged per Fig . 23A. To 
obtain complete patching flexibility, Fig. 23B 
1nust be used. The 3-position DX switch shown 
in Fig. 23B replaces the DX switch former ly 
used and permits the use of any channe l ter mi­
nal circui t for either FDX, HDX, 01· BI B-net­
work opet·ation. A typical circuit arra ngement 
for HDX B/ B operation for serviceboard offices 
or for testboard offices which will be convet·ted 
to se1·,·iceboard operat ion is shown in Fig. 23 
and 23C. The loop 1·epeaters are connected to 
the interco nnecting network by means of loop 
repeater patch jacks which are added fo1· this 
purpose. The 90Cl loop repeate ,·s shown in 
Fig. 23 are operated with the selector switch 
(OPN), on the repeater, operated to the ST A 
position. The 0.13 megohm resistor on the S lead 
of the LP REP patch jack provides for a 1-ma 
current leak which will operate the repeater send 
t·elay to its spacing contacts in case the loop 

L. repeatet· should become disconnected f rom the 
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network termination . A channel terminal may be '1 
added or removed from t he interconnect ing net­
work without affect ing the operatio n of the other 
legs on the networks. When a loop repeater is 
removed from the interconnecting network, the 
send lead of the network must be gro und ed in 
order to ma.intain the correct cur rent and volt­
age condit ions in the network . This is done auto­
matically by contacts on the loop repeater patch 
jac k. 

5.17 Each receive leg, Rl thro ugh R5, operates 
on an inverse neutral basis with curr ent 

for space and no curre nt for mark. The channel 
termina ls are aligned for 62.5-ma loop curr ent 
and SOY across the plate-cathode circ uit of the 
receiving output tubes. \1/hen a space is received 
by one of the 43Al term inals, a curr ent of 
62.5-ma /lows in its receive leg. This curre nt, 
drawn through t he diodes connected to the SH 
j unction points of the other four branches, is so 
divided that 10-ma flows from each of t he volt­
age dividers associated with the other two chan ­
nel termina l Sil junct ions , and 21-ma each from 
SH4 and SH5 j unct ion. The combined res ist ­
ances of t hese four bran ches result in a vollag e 
of -50 volts at the SH junct ion and a drop of 
80 volts across the receiving output tubes in the 
43A 1 terminal. With all receive legs marking 
each SIi i unction, SHl through SH5 is at + 50 
volts. The ±5 0 volts signal at SH4 and SH5 
junctions results in a polar current of ± 6.5-ma 
which /lows through th e windings of the S re lay 
in the loop repealer to ground. 

5.18 The interc onnecting network can be ar -
ranged so that a space is tra nsmitte d to 

all legs associated with the network in case the 
carrier should fai l in any of the 43Al circui ts. 
This is accomplished by means of the super­
visory alarm relay (SA), and the no-carrier 
spacing relay (NCS) a.5 shown in Fig. 24. If 
any one of the SA relays should release due to 
carr ier fai lure , the + 130-volt balte ry will be 
disconnected from the network. In the absence 
of positive battery, no cu rrent flows in the volt­
age divider circ uits of the network and leads S1 
to S3 have a poten tial of - 130 volts an d cause 
the send control tubes in the channe l terminals 
to send a space to the lines. T he loop repeaters 
are held spacing by a 1-ma curre nt leak sup­
plied by a 0.130 megohm resistor which is 
connected to negative battery in the patchin g 
ja ck circ uit. \Vhen it is required to res tore serv -J 
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ice before the defective carrie r leg is corrected, '1 
the emergency battery restore key (EBR) is 
operated. EBR lamp will light to indicate this 
operation . 

E. One --way Multiple loop Operation 

S.19 A number of 43Al channel terminals may 
be connected to a typ ical de line repeater 

or a 40C carrier channe l to provide one-way send 
only legs. This arrangement makes it possible 
to repeat telegraph sig n:ils received at an inter ­
mediate point over a 40C carrier channel or de 
repeate r over a maximum of ten 43Al chann el 
terminals as shown in Fig. 16a. Any polar send ­
ing de repeater can be used if modified to send 
+ 130 volts for mark and - 130 volts for space. 
Fig . 16b shows a term inating test cir cuit used 
for alignment purposes. The DROP 1 jack of 
the terminating circuit is patc hed to t he DROP 1 
jack of the 'I'LT jack circujt associated with the 
repeater. Since the terminatin g circuit resistance 
is 1280 ohms, 80 volts will appear across it 
when the RL LP pad is adjusted for 62.5 m:i. 
After removing the test terminating circuit and 
setting th e adju stable loop pad to obtain a loop 
curre nt of 62.5 ma, the correct send volt.age of 
80 volts will result at each S lead of the channe l 
termina l legs. When a mark is received, curr ent 
will flow and the V2 (b) send control tube will 
conduct since a potent ial of - 77 volts (with 
respect to ground) appears at the grid of V2 (b) 
due to the voltage d ivider R12-R61. For a space, 
no curr ent will flow because the repeater is 
terminated in a - 130-volt batte ry. Thus, with 
- 130 volls at the grid, the V2 (b) send control 
t ube will be cul off, res ult ing in t he tra nsmiss ion 
of a space. J 

F. Supervisory Signaling Circuit 

Dese,ription of Fundion 

5.20 For TWX service, t he 43Al termi nals at 
TWX switchboard offices provide a supe r­

visory circuit so that t he subscriber can call the 
operator lo init iat e a call, recall the opera t or 
while a connection is up, or send a d isc.onnect 
signal. (No special features in the 13Al terminal 
are needed to allow the operator to ring the 
subscriber.) For these supe rvisory functions the 
frequ ency shift syste m prov ides, in addition to 
the t wo frequencies for the mar k and sp ace Sig• 
nals, a third condition of no ca rri er on the line. 
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Oesc.ription of Operotion 

5.21 The circuit features at the subscriber sta ­
➔ tion are covered in detail in the stat ion 
- practices. These do not involve the s upervisory 

branch of the 43A 1 terminal. 

5.22 To call the operator in order to originate 
a ca ll, the subscriber turns the power 

switch to ON on his teletypew riter set . One set 
of contacts on this switc h closes the + 130-volt 
connection to the plate circuit of the oscillator 
tube of the channe l terminal. This sends ca rri er 
over the line to t he switchboard office, and 
through a relay chain, lights the ANS lamr> in 
front of the operator (see Section E45.155). To 
disconnect at the end of a call, the subscribe r 
operates the power switch to OFF. This removes 
the plate voltage from the oscillator tube and 
the carrier stops. The operation of relays at the 
switchboard office lights the sur>ervisory lamp in 
t he operator cord circ uit and notifies the or,era­
tor that the subscriber is throug h so that she 
may take down the cord . To recall t he operator 
during Lhe course of a call, the subscr iber first 
01>ens and then recloses his power switch. This 
ca uses the operator supervisory lamp to flash 
at a rate of tiO l imes per minute. 

5.23 As long as carrier current (at either one 
of the two signa l frequencies) enters the 

input of the carri er terminal at the switchboard 
office, the ac voltage on the plate of V4 t ube, 
subject to half-wave rectification because of the 
presence of CR5 d iode, is impressed on the grid 
of V2 (a) tube through the filler consist ing of 
R30 and run resistors and Cl3 and Cl4 capaci­
tors. The V2 (a) t ube, conducting under this 
condit ion, acts as a de amr,lifier and its plate 
circuit carries a current of about 10 ma, which 
operates the SU relay in the toll subscriber line 

- circuit at the switchboard or the SA re lay in 
-the superv isory alarm relay circuit. Fig. 17 

shows a simplified typical examp le of t he circuit 
r provided at the No. SC switchboard. If the chan ­

nel terminal circu it is not equipped with an SA 
relay, Y opt ion as shown in Fig. 17 is used. The 
SU relay is operated directly by the t>late cur­
rent of V2 (a) tube which, in tu rn, causes the 
ANS lamp to light. For cha nnel terminal cir­
cuits equipped with the SA relay, X option in 
Fig. 17 is used. The SA relay, operated by the 
plate current of the V2 (a) suJ>ervisory tube, 

t.. operates the SU relay in the TLX circuit which 
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-in turn causes the ANS lamp to ligh t. \Vhen the 
operator answers by insert ing a cord in the line 
ja ck, t he ANS lamp goes out. Other OJ>erations 
of the toll subscriber line circuit are described 

-in the practices covering TLX operat ion. 

5.24 \\ 1hen the subscribe r turns off his power 
switch, as for a disconnect, the /low of 

carr ier curren t over the line stops. With 110 ac 
voltage on t he plate of V4 tube, no rectified 
voltage gets to the gi-id of V2 (a), which goes to 
a potential of - 24 volts as a result of the bias­
ing battery connected to it. The V2 (a) tube t hen 
becomes nonconducting and the SU relay, in its 
plate circuit, releases, starting a cha in of cir ­
cumstances which lights the supervisory lamp 
in the operat or cord circu it. 

5.25 The filter, composed of MO and R31 re-
sistors and Cl3 and Cl4 capacitors re­

moves t he ac component of the rectified carrier. 
The Cl4 capacitor cau ses a delay of about 150 
milliseconds in the buildup of the positive de 
volt.ages on the grid of the V2 (a) tube. The 
pur r,ose of this de lay is lo reduce the likelihood 
of false 01>eration of the ANS lamp from short 
pulses of inte1·ference. When the supe rvisory 
feature is in use, the receiving gain of the chan ­
nel terminal must be adjusted after test to give 
a 6-db margin against false operation by inter­
ference. T his is done in accorda nce with di rec­
tions contai ned in the operating practice. 

5 .26 When the flow of car rier cur rent from the 
subscr iber is interrupted, the t ime con­

stants of the circuit are such that the V2 (a) 
tube becomes noncondu cting in about 50 milli­
seconds. 

G. Alarm Circuits 

5.27 No Carrier Alarm: A chain circuit may 
be connected through a normally closed 

contact on the supe rvisory relay of selected 
chann els in a system termina l. The presence of 
carrier current in any chann el will keep the 
superv isory relay operated and the cha in cir­
cuit open. Should all of the carrier currents in 
the system fail, the cha in circ uit will be closed 
to ground and will operate conventio nal a larm 

r systems in the office as required. When required, 
a subscriber receiving loop may be connected 
t hrough a set of contacts on the superv isory 
relay ass igned to the associated cha nnel termi-

L nal. In case of carrier failure on the associated 
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channel, the loop circuit opens and a space is 'l 
t ran smit ted to the subscriber whose loop would 
otherwise be kept closed by the mark -hold fea­
tur e of the channel termina l. 

6. HUB CONNECTIONS TO CHANNEL TERMINALS 

A. General 

6 .01 The following discussion covers the de 
circuits when the term inal is arr anged for 

operation with the type 2 hub circ uit of a No. 2 
or 9B serviceboard. Two hub-type channe l termi­
nals may be operate d back-to-back at an inter ­
mediate point for TLX applications. Supervisio n 
for this type of se rvice is the same as the super­
visory circu it for neutral -type chann el terminals 
as shown in Fig. 9. Circuits for the hub portion 
are shown on drawing s for th e No. 2 and 9B 
serviceboard. 

6 .02 When connections are to be made to a 
type 2 hub circuit the V6 tube is omitted 

and V7 and V8 tubes are added to the channel 
terminal circuit as sh own in Fig. 18. 

6.03 To simplify the following descri pt ion as 
well as the headings of Table D, the hub 

leg (including the SL lead for sending and the 
RL lead for receiving) which connects to the 
carri er channel termina l shown in Fig. 18 is 
called leg A. Any other leg which may be con­
nected to this hub is ref erre d to as leg B. A hub 
leg may represe nt a t runk circuit to dista nt 
office or a loop cir cuit to a PLS subscriber . 

6.04 The V5 tub e tran smits incoming signa ls 

..J 

from the carrier chann el to t he receiving 
bub. The R'EC switch in the carr ier termina l is 
operated to the position in which a mark will 
make the grid of V6 tube more negat ive than 
the cathod e so t hat this tube is cut off during'l 
received marks. If the distant termina l is send­
ing HM, the receive switch in the terminal con­
nected to the hub shou ld be in the L + position. 
When a space is received from the car ri er chan- ..i 
nel, the J)OSitive output from the detector causes 
the VS tube to conduct . 

6.05 For hal f duplex hub operation, the SL 
and RL leads of the channel termina l are 

connected to the send and receive hub s of the 
serviceboard, as indicated in Fig . 18. The send 
and receive hubs, in turn, are connecte d to­
gether either directly through a hub link or 
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through a regenerative re J>eater. They operate 
with + 60 volts for mark and -30 volts for 
space. The functions of the d irectional cont rol 
circuit for Fig. 18 are described in deta il below. 

6.06 For fu ll duplex operation, the send and 
receive hubs operat e entire ly independ­

ently. The SL lead of the channel termina l is 
connected to the send hub, but between the RL 
lead and the receive hub :, full duplex potenti­
ometer an d a 144Cl coupling unit are required. 
With this arrangem ent , the potentials of the RL 
lead of the channel termina l, connected to t he 
so called full duplex hub, are - 10 volts for 
ma rk and -60 volts for space . The - 60 volts, 
which is the so called doub le-space voltage re­
ferred to later in the detailed discussion of hal f 
duplex operat ion, disables t he directional con­
trol circuit , which has no function in full dup lex 
operat ion. 

6 .07 T he 144Cl coupling unit on the full du-
plex circ uit converts the - 10, - 60 volt­

ages on t he RL lead and f ull duplex hub to t he 
standar d + 60, - 30 voltages on the receive hub 
of the service board. 

8 . Directional Control features for Half Duplex 
Operation (Tobie DJ 

6 .08 The directional contr ol circ uit of F ig. 18 
is required to provide the following fea­

tures necessary for IIDX opera t ion. 

(a) \1/hen leg A sends a SJ)ace into the re-
ceiving hub, that space must not be sent 

back into the sending side of leg A, which 
must rema in continuous ly mark ing. 

(b) However, when any other leg, suc h as 
leg 8, sends a space into the hub, that 

space must go t hrough to the sending side 
of leg A. 

(c) \Vhen any two legs, one of which ' may be 
leg A, ar e sendin g spaces simu lta neously 

(double space) into the receiving hub, spaces 
must go out on all of th e send ing legs from 
the sending hub, including the legs of chan­
nels which are sending t he spaces into the 
receiving hub. 

6.09 The heart of the dir ect iona l control cir­
cuit is th e fliJrflop VS tube, t he actio n of 

which, thr ough the connecting resisto rs and 
diodes, automatica lly conditions the sending side 
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of leg A (through SL lead) so tha t it either ca n,. 
or cannot as required, receive spaces from t he 
hub. The condition (conduct ing or cutoff) of the 
left ha lf of VS t ube is determ ined by its grid -to­
cathode 1>otential. Its catho de potentia l is con­
trolled by the signa l received from the channel 
terminal ; as Fig . 18 shows, it is either + 20 volts 
for a mark or - 45 for a space. The potentia l 
of grid 3 of VS tube is controlled by the poten­
t ials on the two sides of diode CRlO and 
whether they act in the forward or backwa rd 
direction of the diode. 'I'he details of this action 
are given in the discussion below, the values of 
voltage for the various cases being sum marized 
in Table D. 

6 .10 Table D also shows the condition of the 
left and r ight halves of VS tube for va­

rious signal conditions. The flip-flot> opera tion 
of VS tube is such that whenever the left half 
conducts , the right half is cut off and vice 
versa . In summary, whenever the left ha lf of VS 
tube is cut off, the dit'ectional contro l circu it 
permits eithe r marks or spaces to flow freely 
from the hub to leg A. \Vhcn the left half of 
the t ube conducts. the send side of leg A is held 
mar king and cannot receive spaces f1·om the 
hub. 

6 .11 \Vith t hese general principles of circuit 
operation as a preliminat·y, the following 

paragraphs describe in detail the sequence of 
circuit operations for various assumed condi­
tions of marks and spaces on the legs connected 
to the hub. 

6.12 A Mc,rk From lite Carrier Line (Leg A) 
and a 1)/c,rk Prom. Any Other Leg ( Leg B) 

(Case A of Tabl e D) 

(a) The V5 tube is cut off. 

(b) The hub voltage . is + 60 due to the hub 
potentiomete ,·. 

(c) The V7 tube is cut off. lts grid and 
cathode are in parallel with the grid and 

cathode of V5 tube . 

(d) Cathode 2 of VS tube is held at about 
+ 20 vol ts by means of the R38, R43, R58, 

and R59 potentiometer . 

(e) + 130 volts is connected through R53 and 
R46 to the upper side of CRlO diode. 

The lower side of CRlO connects to the hub 
at + 60 volts. This means that a voltage is 
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applied to CRlO in its forward direction so 
that its resistance is low. The actual voltage 
at the upper side of CRIO is about + 60. 

(f) The + 60 volts acting on grid 3 of V8 tube 
t hrough the R47 gr id leak will cause the 

left side to conduct and in consequence the 
right side is cut off. Plate 6 of \18 tube is at a 
potential of about + 130 volts. 

(g) The net effect is to produce a potent.ial 
at the junction of the R48 and R49 re­

sistors of about + 60 volts. 

(h) The + 60-volt potent ial at this jun ct ion 
acting through CRll diode in its for­

ward direction, together with the + 60 volts 
of the hub, act ing t hrough CR12 in its forward 
di rection (there being - 130 volts on the other 
side of these diod es through Rl2 and Rl3), 
makes both of these diodes of low im­
peda nce. The net grid voltage on grid 7 of 
\12 (b) tube is 11bout T 40 volts. The tube con­
ducts and transmits a marking signal to the 
carrier Jine. 

6.13 A Space Pro11, the Carrier Line ( Leg A ) 
and a /JI ark From Any Other Leg ( Leg B) 

(Case B of Table D) 

(a) V5 and \17 t ubes are conducti ng, 30-ma 
p late cur rent flows f1·om the RL lead and 

t he hub is a t -30 volts which sends a space 
to leg B. 

(b) \Vith V7 tube conducti ng, the potential of 
cathode 2 of VS tube is about - 45 volts. 

(c) The potential across CRlO is in its for-
ward acting direction, its 1·esistance is 

low, and the t>otential impressed on R47 and 
grid 3 of \18 tube is close to 30 volts. 

(d) G1·id 3 of VS is thus posit ive with respect 
to cathode 2 and the left side of VS con­

ducts. 

(e) The righ t side of VS is cut off. 

(f) The +60 -volt poten tial at the Junction of 
R48 and R49 resistors acts through the 

forward directio n resistance of CRll so that 
the potentia l at the junct ion of CRll and 
CR12 is approximately + 60 volts. As a result, 
grid 7 of V2 (b) tube is at a potential of about 
+40 volts, the t ube conducts and sends a mar k 
into the carrier channel. 
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(g) The spacing voltage of - 80 on the hub 
is prevented fro m getting through to the 

gi·id of V2 (b) tube by the high backward di­
rect ion resistan ce of CR12. 

(h) This illustrates how the directional con­
trol ci1·cuit maintains a "hold mark" con­

dition on the sending side of leg A while there 
is a space from the receiving side of leg A. 

6.14 A /ltark From the Carrier Line (Leg A) 
and a Space From Anoth er Leg (Leg B) 

(Case C of 1'able D) 

(a) The hub potential is -30 volts because 
of the space from leg B. 

(b) Since leg A is receiving a mark, tubes 5 
and 7 ar e cut off. 

(c) Cathode 2 of VS is + 20 volts. 

(d) Grid 3 of VS is at -80 volts, the hub p<>-
tent ial. 

(e) The left half of VS tube is cut off and 
the right half conducts. 

(f) The potential of plate 6 of VS is about 
zero. 

(g) The resulting potent ial at the junction of 
R4S and R49 resistors is about - 80 volts. 

(h) Now the potent ials across both CRll and 
CR12 are in their forward directions, hav­

ing -30 volts on one side and - 130 volts, 
th rough Rl2 and Rl3 resistors, on the other. 

(i) Grid 7 of V2 (b) tube is at a potent ial of 
about - 40 volts, the tube is cut off and 

sends a space to the carrier line of leg A. 

6.15 A lllark From Leg A While Leg B Sends 
Marks and Spaces (Case D of Table D) 

(a) For periods of tr ansmission from leg B 
to the hub and thence to the sending side 

of leg A, the receiving side of leg A is con­
tinuo usly mark ing. The left lull! of VS tube 
remains continuousJy in the cutoff condition 
and the directional control cir cuit permits the 
flow of eit her marks or ~paces from the hub 
to the send side of leg A . 

(b) Following the sequence of 6.14 (Case C, 
Table D) the next succeeding mark from 

leg B makes the hub potential + 60 volts. 

(c) With the right half of VS tube conduct­
ing, the potential of piate 6 is near zero. 
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(d) The + 60 volts and O volt are acting on 
CRlO diode in its backward direction so 

that its resistance is high. 

(e) This prevents the + 60 volts of the RL 
lead from getting to grid 8 of VS tube 

which remains at about O volt. 

(f) Since the voltage on cat hode 2 is + 20, the 
left half of the tube remains cut off . 

(g) As in previously discussed cases, under 
this condition the voltage at the junction 

of R4S and R49 resistors is - 30 and free 
transm ission of either marks or spaces is per­
mitted from the hub to the send side of leg A. 

6.16 A Space From tlte Carrier Lin e ( Leg A) 
and a Space Front Any Oth er Leg ( Leg B) 

(Case E of Tabl e D) 

(a) When any two legs send spaces to the 
hub at the same time, the hub voltage be­

comes - 60. This is known as the doublespace 
condition. 

(b) \Vith - 60 volts on the RL lead, t he po-
tent ials applied across CRlO a,·e in its 

forwa rd direction so tha t its t·esistance will be 
low. The voltage of grid 3 will be nearly that 
of the RL lead and will be negative with 1·e­
spect to the cathode. 

(c) The left half of VS tube will be cut off 
for either a mark or space coming in from 

the receiving side of the car rier channe l. 

(d) Therefore, the sending side of leg A will, 
1·eceive a space from the dil·ectiona l con• 

tro l circu it. ..I 

C. Full Duplex Operation 

6.17 For full duplex operat ion, the send and 
receive hubs operate entirely independ­

ently of each other and, t herefore, no directional 
contro l is required. As described below, the di­
rectiona l control circuit is automatically dis­
abled so that it does not intel'fere with FDX 
tl'ansmission. 

6.18 Because the RL lead is connected to a f ull 
duplex potent iometer, it takes voltages of 

- 10 fol' an incoming mark and -60 for an in­
coming space. For both of these voltages, th e 
potential s across CRl O are in its forwa rd direc­
tion so tha t its resistance is low. Therefore, the 
potential of grid 3 of VS tube is near the po-
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arrangem ents on a 19-inch relay rack panel 'l 
which may be mounted in a 28-type te letype­
writer cabinet. A stat ion rect ifier is includ ed to 
provide power requirements from the local 
60-eycle sup ply. In add ition, a 120Cl TT Y sub­
scriber set is requi red when fu rni shing unat­
tended T WX serv ice. T he installa tion may be 
wire d for atte nded or una tte nded service as 
required . 

8. TESTING ARRANGEMENTS (Table Cl 

8.01 Pin j acks are provided at vari ous points 
in t he circuit for test ing pu1·poses. T able D 

lists t hese pin j acks and shows what observa­
tions may be made with them and some i llus t ra­
tive val ues of the vari ous voltages meas ured . 

SECTION E44.263 

(a) When loops of 43Al termina ls are con-
nected to TLT cir cuits in testboards, pro­

vision is made for check ing the valu es of loop 
curren t and LP / C voltage by mea ns of vari ous 
key and meter combinations which arc con­
veniently located at t he testbo ard or in the 
loop pad bay . These are shown in deta il on 
th e loop adj ustment indicat ing circuits listed 
at the end of this section. 

(b) Prov ision is a lso made, when 43Al ter -
minals are connected to TLT circuiL5, fo r 

subs tit ut ing resistance terminations, having 
t he correct val ue of resis tan ce to match the 
power su pply, in place of the actual operating 
loops. T he termin at ing circ uits are shown in 
detail on t he testi ng and misce llaneous jac k 
circu its listed at the end of this section. 
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PIN JACK 

Al to G 

A2 to G 

D to C 

LP to C 
(Note 1) 

MD to C 

RS to G 

SA to G 

FA to F8 

Notes 

TABLE C - LIST Of PIN JACKS FOR TESTING WITH ILLUSTRATIVE VOLTAGE READINGS 

TO MEASUIE 

Received Input Level 

Received Jnp ut Level 
(RE C GAIN a t Max) 

Discriminator Rectifier 
Output 

P late - Cathode Voltage 
of Rec Out. t ubes 

Send Contro l Tube Plate 

AC 
OR 

DC 

AC 

AC 

DC 

DC 

DC 

Receive Su pervisory Tube DC 
Plate (Note 2) 

Sending Output Level AC 

Panel Por tion of Terminal 

Filam ent Supp ly Voltage DC 

ILLUSTRATIVE VAlUE:S Of MEASURED VOLlS 
CAR.RIH LEVEl VAC TUIE VOUMETER KS.14 510 MUEil 

(dbm) 

-2 5 
-40 

-25 
- 40 

-2 5 
- 40 

No. rec carr ier 

0 dbm send output 
-10 db m send output 

CVOlTSI 

5.3 
0.86 

30.0 
15.5 

Rec .Mark +3 6 
Rec Space - 48 

IVO LTSI 

3.1 on 12 Scale 
0.3 on 12 Sca le 

28 on 60 Sca le 
13.4 on 60 Sca le 

Ree Mark + 34 
Rec Space - 46 

Send 1'11ark 
80.0 

and Rec Ma rk 
80 

Send Mark and 
Send Switch to 

98.0 

105.0 
105.0 
130.0 

5.0 
0.6 

Rec 1'1ark 
HM 

98.0 

105.0 
105.0 
130.0 

4.0 
0.9 

20 ± 0.5 Volts 

1. LP readings not avai lable when the terminal is wired for type 2 hub operation. 

2. Voltage is supplied to RS via a connectio n to a TLX re lay circuit . 

• • • • • • • • 
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• 9 . LIST OF CIRCUIT AND EQUIPMENT DRAWINGS 

C:hannel Terminal, Loop, and Line Connection Circuits CIICUIT EQUIPMENT 

Interconnection Circuits for 40-type Carrier Telegrar, h 

• (Appl icable to 48Al) SD-70515-01 ED-64004•01 

43Al Carrier Telegraph Channel Terminal SD-70552.-01 J70112A-( ) 

Linc Connection Circuits SD-70553-01 ED-71148-,11 
·• Universal Wiring- Mount ing Unit ED-71142-01 

Bay Layout and Associated Equipment ED-71148-01 
\ Line and Balancing Application Schematic - HF Range on 

• Open \Vire SD-95692-02 ED-71148-01 

TtT, Jack, and Testing Circ:uits 

TLT for No. 5 'l'oll Testboard SD-62099-01 ED-63623-01 

TLT for No. 5 Toll Testboard - Testboard Answering SD-63099-02 Job Information 

Four -jack TLT for No. 5, 16, and 18B Toll Testboard SD-63107-01 ED-61624-01 (5) 
Job Informa tion 
(16 and 188) 

TLT for No. 9 Telegraph Testboard SD-63623-01 ED-63623-01 

TLT for No. 9 Te legraph ' restboard - Testboard Answering SD-63623-02 ED-63623-01 

• Line and Misc Jack Circuits SD-70358-01 ED-60206-03 
ED-70968-01 

90A 2-loop Repeater (No. 1 Serviceboard) SD-70489-01 ED-70720-01 

Loop Adj ust Indicating - Simplified SD-70566-01 ED-71148-01 

Loop Adjust Indicating- Double Differentia l SD-70568-01 ED-71148-01 

Test and Miscellaneous ,Jack Circuits (With Loop Pads) SD-70572-01 ED-71148-01 . 
Application Schematic - DC Loops in Testboard Offices SD-70573-01 

Carrier Failur e Alarm Circu it SD-707 44-01 

• Toll Substrlber line Circuits for 43A 1 Terminal 

No. 5 Switchboard SD-70556-01 ED-71065-01 
I No. 3C Switchboard SD-70557-01 ED-71097-01 

Inte rmediate Point \Vith Open Loop Subscriber Line SD-70571-01 J70035C-( ) 
• 

Intermed iate 'folJ Subscriber Line Test Circuit SD-70571-01 J70035D-( ) 

• No. 3A Switchboard SD-70582-01 ED-71098-01 

No. 1 and lA Switehboard - Attend ed Service SD-70583-01 ED-71096-01 

Line Concentrating Unit 101A and 102A SD-70584-01 ED-70488-01 

• ED-70385-01 

Hub Testing and Miscellaneous Jack Circuits No. 9 Testboard SD-70564-01 
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SECTION E44.263 

CIRCUIT EQUIPMENT 

Applicat ion Schematic for Multiway Regenerat ion, No. 5 and • 9 Testboar ds SD-70565-01 

No . 1 and 1 A Switchboard - Unat tended Service SD-70680-01 ED-71133-01 

No. 5 Toi I Test board, No. 9 Telegraph Testboard, • No. 4 Morse Board - Open Loop Operation SD-70681-01 J63511AA-( ) 

Subnr iber Station • 
130B1 Subscr iber Set SD-70556--01 ED-71075-01 

130B2 Subscribe r Set SD-70847-01 J70114B ' SD-707-12-01 • SD-70848-01 

130Cl Subscriber Set SD-70847-01 J70127A 
SD-70735-01 

Sta tion Connections -T \VX SD-70555-01 ED-71075-01 

Station Connections - P LS SD-70679-01 ED-71075-01 

Subsets for Open loop Operation From Intermediate Po int Terminal 

Atten ded - 126A2 Subset SD-701•15-01 ED-70028-08 
ED-70192-01 

Una ttended - 120C2 Subset SD-70672-01 ED-71077-01 • 
Package Arrangement for Temporary Emergency Service 

Cabinet Type 3 Channe l 43Al Cat rier Telegraph System SD-708'11-01 J70112F-( ) 

• 
\ 

• 
• 
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TA.BLE D - CONDITIONS IN DIRECTIONAL CONTROL CIRCUIT FOR HUB OPERATION 1 

INCOMING TE:LEGAAPH 
SJGNA.LS ON "" IIGH'T Pl.AU 6 

CAUIEI 
UNI OF 
1.1<1 • 

A :Mark 

B Space 

C Mark 

D Mark 

E Space 

ANY OTHU CATHODE 2 GitlD 3 HAU' HALF VOLTAGE 
l<G VT OF Of OF Of OF 

LEG I TUil vs vs VI Vt va 

Marking Cut Off + 20 +60 Conducts Cut Off +130 

Marking Conducts -45 -80 Conducts Cut Off +180 

Spacing Cut Off +20 -30 Cut Off Conducts 0 

Spacing Cut Off +20 0 Cut Off Conducts 0 
Fo llowed by 

1,farking 

Spacing Conducts - 45 - 60 Cut Off Conducts 0 

Notes 

1. These are the resistances of the diodes in the d irect ion from the R48 to R49 ju nct: 
are low when the voltage applied (in the forward direction) is pos itive; high whe1 

2. Because of its own directional control, leg B will not send a space to itse lf . 



SECTION E44.263 

>L CIRCUIT FOR HUB OPERATION !VOLTAGE VALUES FOR EXPLANATORY PURPOSES ONLY) 

VOLTAGE OUJGOING TELEGIAP'H 
IIOHT 'LATE 6 JUNCTION SIGNALS ON 
HALI VOLTAGE ••• C:RII (1 12 lEG A AN'Y 

OF Of AND RESISTANCE HS ISTANCI TO CAUIH OTHU LEG va va ••• HUI (NOTE II (N OTE 11 LINE LEG I 

Cut Off + 130 + 60 + 60 Low Low Mark Mark 

Cut Off + 130 +60 - 30 Low High Mark Space 

Conducts 0 -30 - 30 Low Low Space Mark 
(Note 2) 

Conducts 0 -30 +60 High Low Mark Mark 

Conducts 0 - 30 - 60 Low High Space Space 

ion from the R48 to R49 junction or from the send hub toward the outgoing leg A. They 
lirection) is positive; high when it is negative. 

,t send a space to itself. 
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43Al CARR CHAN TERM 
so-J05 

• 
G . M • 

- C e 

@; e £ 
tP ~VR9 RlC I.\S 

• ~ () Cl> •• 

-

RS~ J~: 0 °j9 ' O :·: , lo•• 
e >-'. <i> 

4W' ; "' .,.. --

Fig. 1 - Channel Terminal - Front View 
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SECTION E44.263 

F;g. 2 - Channel Terminal - Oblique Rear Vi•w with 
453 Send Network Removed 
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D. SEN 
SEND.LEVEL LI NE 
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TO SEND. LINE ---

FACILITY - l ~ J:: 

REC L 
COi 

TO REC LINE ------.,1 
,-ACILITY - aj 

INE 
L 

li: _____ ..;, 

-

-

-

CkMt I 425r,., 

CHAH2 69 5"' 

CHAN 3 76 ,....., 

CHAN 4 935,v 

CHAN 6 JJOS "-' 

CHAN 6 :::12751'V 

CHAN 7 L l4 45 ,v 

CHAN 8 .. 16 15,v 

CHAN 9 17851V 

CHAN 10 L..t 9SStv 

CHAN If 2 125,v 

CHAN t 2 2 2. 9S""' 

CHAN 13 2465,v 

CHAN 14 2635/V 

CHANt5 2805N 

CHAN!& 2975N 

CHAN 17 1 11 145 1"V 

CHAN 17 696,,.., 

CHAN 18 ,-76Srv 

CHAN 16 .._ 9351'\1 

CHAN 14 ,-11051\1 

CHAN 13 12 75,v 

CHAN 12 r- 1445/V 

CHAN 11 16 I 5tv 

CH.AN 10 1785/V 

CHAN 9 19551\1 

CHAN 8 2125N 

CHAN 7 22951'\1 

CHAN 6 2465N 

CHAN S 2655N 

CHAN • 2805,v 

CHAN 3 2975/v 

CHAN 2 3149N 

CHAN I ~ 425N 

>--$ENO. CHAN FILTERS 

S£NO. E- W 
SEE NOTES I A.NO 2 

PART OF CHANNEL TERMINAL NEUTRAL LOOP 

~=D. TERM. EOP~ - - -

I ' 
I .... DSC MOD 

-
' . - --~ , 

- (DR·BATJ 

' . 
I ~ 

'-- - '--
'-- - '--

I .... CUR. OISC. DET ELI 
I LI M ' C===_ ~ECEI VE, TE RM, EOUIPNENT-

- --
~ REC CHAN FILTERS 

REC W-£ 
SEE NOTES I AN02 

m 



00P TYPE 

LOO p Sue 's SUB~ 
~ EOPT~~ LOOP--."sT ATION-.,, 

SECTION E44.263 

NOTES : 
I, THE DI RECTIONS E - W ANO W-E ARE ARBI TRARY ANO MAY 

8£ REVERSED. 

2 . FOR NORMAL 4 WIRE OPERATION THE CHANNEL NUMBERS ANO 
COAAESPONOING MIO-S ANO CHANNEL FREQUENQES IN THE RECEfVING 
f'ACIU TY SHOOLO 8£ A DUPLICATE OF T HOSE IN TH E SENDING FACIL~ 
IT'Y. IN CASES WI-IERE 08JECTI ONA8L£ IN'TEAFERENCE 8-ETWEEN SEND-
1NG ANO RECEIVI NG EQUIPMENT I S ENCOUNTERED THE FREQUENCY 
ALLOCA TION SHOWN IN nus F'IGUA:E MAY BE USED, 

Fig. 3 - Typical Block Diagram of Carrier System on 
4 Wire Circuit - With Full Duplex loops 
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TO L INE 
FACILITY • -

LINE ft£P 
COfL 

(SEE NOTt4) 

' 

MY8 
REP HY8 
COIL BAL NET, 
( SE:£ ,tOTE ll , 

- , 
J ~ 

$E N O CHAN F I LTERS 

_ _J CHAN I J 4 26 .., 
(SEE NOTE 51 

I CMAN 2 ) 595~ 
SENO 
£-W 

I CHAN 3 1 765..., 
{ SEE NOTES 2 8 3 ) 

I CHAN 4 1 9 35 _, 

1 CHAN 5 I 1105~ 

PART OF (tiA NN Et. TERMJNAt. NEUTRAl 
I CMAN 6 I 1275~ I -- -- -

' 
~ SEND TERMINA L EOUIPM[ NT 

\ 
I CH AN 7 I 14 45 .., 

I 
AMPUFIE~ OSC ILLATOR MOOUL ATOR 

161!5- / 
! CH AN 8 1 < 

I " r.i,o, 
I 

AE CElVE CHA N FIL TERS r--..... 
I C HAN 8 I , 

2125- I V -I CH AN 7 12295 _, I A M PL I FIER CU RRE N T 01$ Cl't! MINATOR 0 
L IMITER 

• 12 •• • -~ 
ICHAN 

RECEIVE TER MINAL EOU I PM [ f 

- - -1 C MA N 5 I zss o~ - - - -

I CHAN • I 2005 ~ 

l CMAN 3 I 297 5 - RECEIVE 

I I CHA.N 2: 13145 .... 
W-£ 

(SEE NOTES 2 63) 
I ' ~-► ... -r--- - .. ., 

• •CHAN I 1 42. &..., 
... .. "'L - - - - - .J (SEE NOTE 5 l 

-
I 
, CHAN 9 ) 17 1 5~ - sENO 

••• 
' CHAN 9 19~ 5 ~ --. ftECEIYE 



rRAL LOOP TY P E 

- - ,~LOO P- -, 1 - SU8 SCR I BER S 
I EQU I PMENT LOOP 
I ,,, 

/ . 
·( OR • BAT ,) 

I 
I ,-- C" + 13 0 V - ,.. 
i OR-BAT .) 

DETE CTO R EL-ECTRON IC 1 
SWITCH I 

( 

MENT-- - -- _/ I _ _ __j 

/ SU8S CRl8ERS ""\ 
ST ATI ON 

SECTION E44.263 

NOTES 
1 I N SO ME CASE S ,WHERE T HE RA TIO OF $ EN O T O 

R E CE 1VE LE VEL IS SMA L L , THE HYBRIO C OIL ANO 
SA LAN CING NE T WOAK MAY NOT 8£ R EQU IRE D. 

2 THE DI R ECTIO NS E• W AN O W-E ARE AR StT RARY 
A NO M.O.Y B E REV ER SED . IE, TH E L OW FREQUEN CY 
GROUP MAY BE USE O F"OR RECE IVING IF THE HIGH 
fAEOU ENCY GROU P I S U SE O FOR SEND I NG. 

3. C HA N N ELS I N Tl-1£ L OW FREQUENCY GR O UP 
SEND LM ANO RECEI VE H+ , C HAN NEL S IN TH£ 
HIGt-c F REQUEN CY GROUP SEND H'-' ANO RECE IVE 
L +. 

4, T HE LIN E REPEA TI N G COI L MA'V BE PHYSICAL 
OR PHANTOM , THE CO IL S HO U\.. 0 A L WAYS 8£ 
USED WITH TOL L L INES BUT MAY BE OM ITT Er 
ON [ )( CH AN G E AREA CABLES . 

5 . IN T HI S AR RAN GE M E NT , THE 42:~t'\JC H.ANNEL tAAY 
8 £. usto ONLY AS A ONE WAY CHANNEL El TH.ER 
S ENOI NG OR RECEIVI NG. lT SHOULD NOR MALLY 8£ 

TT V USED TO TRANSMI T OR RECE IVE IN THE SAME CNREC· 
TIO N AS TH E 59 5 ""\JCI--IA.NNEL WHEN USED IN T HE 
OPPOSI T( OIA(CT ION TH E 0 1,FE AE:NCE BETWEE N 
SEND ANO RECE IVE LEVELS S"40U L0 9£ LI Ml TEO TO 
,eoe . 

Fig. 4 - Typical Block Diagram of Carrier System on 
2 Wire Circuit - With Half Duplex loopt 
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TO 
LINE 

FACILITY 

COMPOSITE 
SET 

TO OC 
TELEGRAPH 
EQUIPMENT 

TYPE "c" 
f lLTERS 

~ 

HP 
~ 

-'"' LP -

TYPE"H" 
FIL T EltS 

-
HP 

~ 

I 

L P 
~ 

! 

VOICE 
REP 

COIL 

7[ 

TELEG 
HY BR IO 
CO it. -~ 

t-r-

r-~ 

' 
' -

VOICE 
REP 

TYPE ·c· TELEPHONE TERMrNAl. 
H sn OTE , 

4 3 A l 
SENO. CHAN 

Fl t.TERS 

1 CHAN 3 I .:,950,.,, 

_J CHAN 2 ~I 501v 

I CHAN I I N 

••• 0 [- W 

- csE£ 

HY8 COIL 
TO • 
AHO 

BAL •3A I 

NET. RECEIVE. CHAN 
FILTERS 

CHAN I ~5 N 

_1 CH.AN z l .. a ,01v 

REC W-
..J CHAN 3 l50$0N 

t 
(SEC I 

VOICE 
REPEATER 

<] -
TYPE•H• 

BAL 
T~E "c" 

BAL 
COMP~ TE LU 

NET. NET. 
BA.L 
N ET. 

a, .. 
COIL 

q_l I H~l~[ p 
VOICE 

MYS 
COIL VOICE 

REP EATER 

.___ __ ____,[>~-



Pf "c• TELEPHONE TE#IMINAL 
-- --- -- SEE NOTE 5 

COIL 
L 
T. 

43A I 
S£NO. CHAN 

flLTE'RS 

CHAN 3 

CHAN • 
CHAN 

43A I 
RECENE, CHAN 

F ILTERS 

CHAN I 

950~ 

1$0"' 

~ 

SEND E- w 
- (SEE NOTES I & 2) 

TO 43A l 1 TERM. £OPT 
ANO sues I.OOPS 

CHAN Z 48 10N 

REC W- E 
CHAN 3 5050rv - -- (SEE NOTES I 8, 2) 

VOICE 
fltEPEATER -_-_-_-_------.,, <Jl ... -----1~:1i~:.T 

TYP£ •c• COMPOSITE LINE 
BAL BAL BAL 
NET. N[ T. NET. 

_II W~II I 
V()t CE 

REPEATER 

l[>I - TO VOICE - --- -----i ~----EQU IPMENT 

SECTION E44.263 

NOT ES : 
I. THE E-W ANO W- E OIRECTIONS ARE ARBITRARY ANO NAY 

BE REVERSfO, t.e. THE LOW FRE.OUENCY GROUP MAY BE 
USEO FOR RECEIV I NG I F THE HIGH FfltEOUENCY GROUP I S 
USED FOR SENDING, 

2. FOR THIS APPL ICATION EACH OF THE 43AI CHANNELS SHOWN 
I N THIS F IGURE SHOULD BE ARRANGED TO SEND THE LOWER 
F'IEOUENCY FOR A MARKING SIGNAL, l.e . TH E SEND SWITCH ON 
LM. AT TME OfSTANT TERMINAL, THE SEND SWITCH -SHOUL D 8E 
OH HM, THIS PROVIDES TH£ MAXIMUM SEPARATION BETWEEN 
THE •c• VOICE ANO •,.a.1 CARRIER FREQUENCIES. 

3. THIS ARRANGEMENT MAY ALSO st US£0 ON CABLE CIRCUITS 
WHERE T ME TYPE •c" CARRIER T ELEPHONE EQUIPM(N ·T IS NOT 
PftE.SENT, 

Fig. 5 - Typical Bloc,k Diagram of Three HF Channels 
Apptied Between Voice- ond Type C Carr ier 
Telephone 
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TO LI NE 
FACILITY 

COMPOSITE 
SET 

DC 
TELEGRAPH 
EQUIPMENT 

TYPE •C " 
l.lHE 

F IL TERS 

'-
HP 

L P 

-

TELEGRAPH 
HY8Rl0 

COIL 

◄ 

-

~ 

-

SEPARAflON 
Fil T[R 

HP 
i,----

LP 

VOICE 
HYB COil 

L IN E'. 
F I LTE'.A 



TYPE •C" TELEPHONE TERMINAL 
(SEE NOTE 3) 

] 

HYB CO IL 
BAL HET. 

-

43A I 
SE NO.CHAN 

F IL TERS 

I CHA N • I 

1 CHAN 3 I 

I CHAN 2 I 

I CHAN I I 

43A I 
REC CHAN 

F I LTERS 

I CHAN I I 

I CHAN 2 I 

1 CHAN 3 I 

I CHA N 4 I 

3650-

3750 -

3950 -

4150 -

4360 -
4 580 ~ 

4810~ 

50 5 0• 

---------l[> 
8A L 
NE:T. 

"V .. TY PE 

VOICE REPEATE;R 

COMP 
BAL 
NE T. 

SE 
(SEE 

TO 43AI CHAN TE RM 
EOPT ANO sue's L OOP 

RE CEIVE W-E 
NOTES 1&2 ) (SEE 

L INE 
8AL 
NET. 

TO VOICE EQUIPMENT 

- -L_I _J----t_l _J-1 ------jl I 
"V- TY PE 

VOICE REP EATER 

---.,! <JI....--TO VOICE EQUIPMENT 

SECTION E44.263 

NOTES : 

I. THE E-W ANO W-E OIRECTIONS AR E AR8 l TR ARY 
ANO MAY BE REV ERSEO, I E, THE LOW FREQUE NCY 
GROUP MAY SE US ED FOR RECE IV ING, tF THE HIGH 
FREQUEN CY GROUP IS USE O FOR SE NDING. 

2 . FOR THIS APPL ICA TI ON EA CH OF THE 43A I CHAN NELS 
SHOWN IN TH I S FI GURE SHOU L D SE ARRANGED TO 
SEND THE LOWER FR EQUENCY FOR A MARK I NG 
S IGNAL, IE, SEND SWIT CH , LM . AT THE DISTA NT 
TER MINA L TH E SEND SWI TCH SHOULD 9E ON HM. 
TH IS PROV IDES T HE MAX IMUM SEPARAT I ON BETWEEN 
TH E .. C" VOICE ANO 43A t CARRIE R FREQUENC I ES , 

3 , THIS ARRANGEMENT MAY ALSO BE US EO OMITT ING 
THE TYPE "C" CARRI ER TEL EP110NE EQUIPMEN T.IN THAT 
CASE THE ''c" 8A I..ANCING NETWORK IS OMIT TEO. 

4 . F'IG. 6 MAY ALSO BE OSEO AS AN A.LTER NATE F OR FtG.5 
FOR ONE TO THREE CH.\NNE LS OF 43AI . 

Fig. 6- Typical Block Diagram of Four HF Channels 
Applied Between Voice and Type C Carrier 
Telephone 
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COIL 

~I:! 

NOTES : 

VOI CE 
HY 
COIL 

VOICE 

~·· COIL 

I. THE CHANNEL FREQUENCY RE LAT IONSH IP St:TWEEN 43AI ANO 
H CARRIER TE LE PHONE CHANNELS MUST 8£ AS SHOWN . 

2. TH E 43AI T[l'l'M INAL SHOWN IN TH IS FI GURE SHOULD BE 
ARRANGEO TO SEND THE LOWER F'R[OUENC'I' FOR A MARKING 
SIGNA L h SEND SWITCH AT l M, THE DISTANT TERMINAL 
SHOULD 8£ ARRANGf:O TO SEND THE HIGHER FR EQUENCY FOIi 
~ MARKING SI GNAL l. 1. SEND SWIT CH AT HM . TH[ Rl!C!IV[ 
SWITCHES SHOULD 8[ ,UtRANGEO ACCORD I NGLY. 

VOICE REPU 
E- W 

VOICE lltl"I 

•-
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SECTION £44.263 

VOIC( IIEP£ATEA 
E - W 

CE VOi 
RE 
co 

p 

IL 

~ 

VOICE 
HY VOICE 
COIL REP 

COIL 

- ~ ~ 

CHANN EL FR[OUENCY RELATIONSHIP 8!:TWEEN 43A I ANO 
lRRl[R TELEPHONE CHA NNE LS MUST 9f AS SHOWN, 

43A I T(~NINAL SHOWN I N THIS FIGUR! SHOULO BE 
ING EO TO SENO THE LOWER FltEOUENCY FOR A MARKING 
.AL l 1. SENO SWtTCN AT L M. THE 01 STANT TERMINAL 
ILO 8£ ARRANG(O TO SEND T HE HIGMER FREOUENCY FOft 
U l<ING S IGNAL .i.1, SEND !SWITCH AT H M. THI! RtC[IVE 
"Ct4ES SHOULD 8£ ARRANGEO AC(OIIOINGLY . 

/ 

_<;. 

• H" 

••• 
NET . 

I I 

-

I 

TO VOICE EQUI PMENT 

43AI COMP 
BAL BA L. 
NET . NET , 

LINE 
BAL 
NET. 

VOICE AEPEATER 
w-t 

" > 
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Fig. 7 - Typical Block Diogram of Single HF Channel 
Applied Between Voice and Type H Carrier 
Telephone 
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Battery for Heater Supply 

5 
---0-- ,,-0 

FAJ 
RI02 

FIL AOJ 

8 8 
RIOB 

----0-- ,,-o 
FB "] .,,Q 'VVv 

35.tl. 36 ,6.fi 

fig. 21 - Channel Terminal Connection to - 48 Volt 
Battery for Heater Supply 

FA 

11, 

o .. 4ev 

5 - -~<>---o- --- .....1--- ----------11• 

• • 

• 

S6 
~ MICRO SWITCH 

RIIS 
31,s.n. 

FC 
Rll4 

Rll3 
Fil AOJ -

8 • 

S5 
~ MICRO $WITCH 

Rll5 
31,6n 

15 .n. 

--0-

Fig. 22 - Channel Terminal Connection to - 48 Volt 
Battery for Heater Supply for o Polr of 
Channel Tormlnal, 

SECTION E44.263 

Flt, 20, 21 and 22 

Pose 41 



BATTERY RESTORE 
K EY ANO LAMP 

C I RCUIT 

EBR 
l ••• 

0.1 WEG 

,,.,..,_ 
\_V EBR 

·.: 

BR I 

••• 

+ 130V .. BR2 
. . . 

1201\ 

.. , 

FIRST 4SAI CHANNEL 
TERMINAL CIRCUIT 

NCS 
El 4 

SA 
•• 
92 ' 

' 

•• 
RS 

RS 

• 12 1' l)OV 

< -
• ~.f-

I 
, __ 

V2( a) I 
.--< 

._. ___ 
SUP I I 

'- V 

. ..,, 
-

I I 
TO [ I REC AMP I CAR Rf [ R _. LllrU T ER 

,__ REC OUT 
L INE 

43A t CHANNEL 
2 TER M INAL - -
< 

2 

I 

·-
- -

• • • I 

14 1 14 3 1 
- 130V ----vvv~----------<o>--A b 

120.n. 
ER CON NEC T ING 
TWORK - -

I ' 

I 
I 

I 
I 

TO [ I C ARR l ER _., 
LINE 

7 

2 



~cs E2 , 
D • s ' 

SA 

it} 
RS 

'"'+13 0V 

7 
(al 
p 

:c OUT 

2 

~ 

I ' 

I 
I 

TO ( CARRIER 
LINE 

I - I 

2 

SECONO 43A I CHANNEL 
T £R M I NAL CIRCUIT 

NCS E2 
EI • 

~ •• 
• 

SA 
RS 

•• • 
l •• 

• 12 + 130 V 

< < 

• ~2!-
/ _ '\ V2(o) I 

~ !-- - -- SUP I 

'- I/ 

: 

I 
R£C AM P 

A EC OUT I 
L.l hi lT ER 

,..._ 

43AI CHA NNE i. 
2 TER MI NAL - -

2 

0-, ''---<>----- ---- ------' 
,1 

:J 

,, 

SECTION E44.263 

T HI RD 43AI CHA NNEL 
TE RMINA L CI RCU I T 

(AS REO U I REO> 

NCS 
£ I ' 

E2 

' I 
RS 

SA 
RS 

82 

l RS 

• 12 + 13 0V 

<. <.. 

• ~.t7 
I / __ 

V2(ol I 

I ~ f-- - -- SUP 
I 

I/ 

·.:c -

TO [ CARRI ER 
LI N£ 

I I - I REC AWP 
AEC OUT I 

LI MI TE R -
43AI CH ANNE L 

2 T ERMINAL - -

2 
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