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1. GENERAL

1.01 This section explains how various circuits are

electrically coupled to a teletypewriter set, to a
telegraph network or, through a data set to a telephone
network.

1.02 All circuit descriptions are made with respect to
specific wiring diagrams. Alpha numeric references
found in parentheses are used to located major components
or circuits on the wiring diagrams. An example of a alpha
numeric reference is (3C4), and should be read as follows:

a) The number 3 designates the sheet on which the
g
particular circuit or component is located.

(b) The letter and number combination C4 indicates
the horizontal and vertical coordinates where the
component or circuit is located.

2. SWITCHED NETWORK SERVICE
2.01 The KSR, ASR, and RO Teletypewriter Sets used

in switched network service operate in conjunction
with either a 101C or 105A data set and a call control unit.
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General descriptions and operations of the call control unit
or either data set can be found in the appropriate sections.

2,02 The following circuit descriptions should be used
with reference to 7882WD for KSR and ASR se:s
and 7881WD for RO sets.

TEST CIRCUIT

2.03 Operating the TST (test) pushbutton while the set

is connected to a test center permits the message
sent by the test center to be recorded by the typing unit and,
at the same time, turned around and sent back to the test
center for analysis.

2.04 The TST pushbutton is a locking type and may be

released by momentarily depressing any of the five
other pushbuttons in the six pushbutton set. When operated,
the normally open contacts 23 and 24 (1D4) close to
complete the 10-volt circuit through the TST lamp (located
under the pushbutton) to ground.

2.05 The normally closed contacts 22 and 23 open to

remove the data set from ground and disable timed
disconnect-on-spacing feature. This is necessary to prevent a
disconnect, should a steady spacing signal be included in a
test.

2.06 The normally closed contacts 19 and 20 open to

remove the keyboard or transmitter signal output
at the send break timer from the modulator in the data set.
The normally open contacts 19 and 21 close a circuit from
the demodulator to the modulator, so that demodulated
signals from the test center are modulated and sent back to
the test center.

BREAK-RELEASE CIRCUIT

2.07 Set connected to 101C data set: The BRK-RLS

(break-release) lamp lights when the RB (receive-
break) relay operates, closing the RB make contacts. This
completes the circuit from 14 v ac through the BRK-RLS
lamp, the RB make contacts, and the S break contacts to
ground.

2.08 The RB and the S (send space) relay operate after

the CLR (clear) pushbutton is depressed. The
BRK-RLS lamp may flash momentarily at this time. The
opening of the S break contacts will prevent the BRK-RLS
lamp from remaining on during the clear sequence.

2.09 Set connected to 105A data set: The SO (send

space — normally operated) relay operates when
the set is turned on. The BRK-RLS lamp lights when the RR
{receive break — normally released) relay operates. The RR
relay closes its make contacts which complete the circuit
through 14 v ac through the BRK-RLS lamp, the RR make
contacts, and SO make contacts to ground.
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2.10 The RR relay operates and the SO relay releases

after the CLR pushbutton is depressed. The
BRK-RLS lamp may flash momentarily at this time. The
opening of the SO break contacts prevent the BRK-RLS lamp
from remaining on during the clear sequence.

RESTRAIN CIRCUIT

2.11 The REST (restrain) lamp lights when the RS

(restrain signal) relay in the data set is energized.
On a “break,” which originates in the data converter, the
REST and BRK-RLS lamps are both lighted.

Note: This circuit is found in KSR and ASR sets only.
CLEAR KEY CIRCUIT

212 Set connected to 101C data set: Momentarily

depressing the nonlocking CLR pushbutton closes
contacts 11 and 12. This will complete the circuit to ground
in the following ways:

{a) Answer Mode: The circuit is completed through
the AN (answer) make contacts.

(b) Originate Mode: The circuit is completed through
the AN break contacts and the OR (originate)
make contacts.

213 The complete circuit path is through the contacts

mentioned in 2.12 (a) or (b), CLR contacts 11 and
12, the RB (receive break) contacts, and the RB relay to -20
vde.

2.14 When the RB relay operates, the RB make contacts

provide a holding circuit for the relay to ground
through the AN make or AN break contacts and the OR
make contacts, depending on the mode of the set. Other RB
make contacts close to complete the circuit from ground
through the AN make or AN break contacts, the OR make
contacts, CLR contacts 11 and 12, RB make contacts, and
the S relay to -20 v dc. The S relay operates and remains
energized through the holding path provided by the AN make
or AN break contacts and the OR make contacts. The S make
contacts close and the CLR lamp will light. A timer circuit
de-energizes the S relay after 700 milliseconds, the S make
contacts open, and the clear lamp will turn off.

2.15 Set connected to 105A data set: The RO (receive

break) and SO (send break) relays are normally
operated, as designated by the letter O in RO and O in SO.
When the CLR pushbutton is momentarily depressed, con-
tacts 11 and 12 complete the circuit from ground through
the CLR contacts, the RO make contacts, and the RR relay
to -20 v dc. The RR relay operates and remains energized
through its holding contacts.

2.16 The RR break contacts open the circuit to the RO
relay and release the relay. The RO break contacts
close the circuit from ground through the CLR contacts 11
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and 12, the RO break contacts, and the SR relay to -20 v dc.
The SR relay operates and is held by the SR make contacts.
The SR make contacts (in series with the OH make contacts)
close and light the CLR lamp. A timer circuit causes the OH
(off hook) relay to release and turn off the CLR lamp.

ANSWER CIRCUIT

2.17 When a set is called, an ac ringing current, sent

from the central office, energizes the RU (ring up)
relay. The set may then be put into the answer condition
either automatically or manually.

A. Automatic Answer

218 With the RU relay energized, the ANS (answer)

lamp is lighted by the closure of the RU make
contacts, which completes the circuit from ground through
the lamp to +20 v dc.

2.19 Set connected to 101C data set: With the set in the

automatic answer condition, there is a circuit path
from -20 v dc through the AN (answer) relay, the RU make
contacts, the CY (copy) break contacts, and CP17 to ground.
The AN relay is held energized by the ground applied to its
make contacts. The ANS lamp remains on because of the
ground applied through the series connected AN make
contacts and S break contacts.

2.20 The ANS lamp goes off when the S relay operates

after the CLR pushbutton is depressed, or on the
end of transmission code. The opening of the S break
contacts in series with the S make contacts will turn off the
ANS lamp. When the S relay operates, the S break contacts
place a resistor in the circuit; the S make contacts provide a
path to ground through the timer. After the timing interval
during the disconnect sequence, the timer causes the AN
relay to release by completing the path to ground which
short-circuits the relay.

2.21 Set connected to 105A data set: With the set in the
automatic answer condition, there is a circuit path
from +20 v dc through the OH relay, the OR break contacts,
the RU make contacts, the CY break contacts, and through
CP17 to ground. The OH relay operates and is held energized
by the circuit path through its make contacts, the SO make
contacts, and the TM (timer) break contacts to ground.

2.22 The ANS lamp turns off when the SR relay is

operated by depressing the CLR pushbutton, or at
the end of the transmission code. The SR break contacts in
series with the OR break contacts open to turn the lamp off.
The OH realy releases when the SO make contacts and the
TM break contacts open during the clearing sequence.

B. Manual Answer
2.23 The automatic answer feature is disabled when any
one of the following contacts in the circuit through

the AN or OH relay and the RU make contacts to ground is
opened.
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CONDITION OF SET CONTACTS OPEN

Local, originate, or test modes CY break
Low paper Low paper switch
Out of service Out of service

Vertical tabulation and
form out

Feeding forms or tabulating

2.24 During the ringing interval, the RU relay operates

causing the ANS lamp to flash and the ringer to
sound. The RU relay releases during the silent interval. (If the
set is out of service, no ringing will take place.)

2.25 The ANS pushbutton is depressed to answer a call.

(If the set is feeding forms or tabulating at this
time, the set will automatically answer after the operation is
completed.) The ANS pushbutton is nonlocking, and its
contacts 17 and 18 (1D7) close momentarily.

2.26 Set connected to 101C data set: Closure of

the ANS pushbutton completes the circuit from
ground through the S and OR break contacts, ANS contacts
17 and 18, and the AN relay to -20 v dc. The AN relay then
operates and is held energized by the ground applied by the
AN make contacts. Subsequent operation is the same as the
automatic answer described in 2.19 and 2.20.

2.27 Set connected to 105A data set: Depressing the

ANS pushbutton completes the circuit from
ground through the SO make contacts, the ANS contacts 17
and 18, the OR break contacts, and the OH relay to +20 v dc.
The OH relay operates and is held energized by the OH and
SO make contacts to ground. Subsequent operation is the
same as the automatic answer as described in 2.21 and 2.22.

ORIGINATE CIRCUIT

2.28 The RO set goes into the originate mode but has
no amplifier.

2.29 Depressing the nonlocking ORIG (originate) push-

button momentarily closes contacts 5 and 6 (1E7).
This will start the following operations, provided the set is
not in an answer condition.

2.30 Set connected to 101C data set: Depressing the

ORIG pushbutton completes the circuit from
ground through the S and AN break contacts, the ORIG
contacts, and the OR relay to -20 v dc. The OR relay then
operates and is held energized by the OR make contacts and
AN break contacts to ground. The closure of the OR make
contacts in series with the S break contacts turn on the ORIG
lamp and makes the speaker amplifier operable by turning on
output transistor Q2 (2E6).
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231 After the CLR pushbutton is depressed, or upon

receipt of the end of transmission code, the S relay
operates and its break contacts (in series with the OR make
contacts) open to turn off the ORIG lamp and disable the
speaker amplifier. The OR relay releases during the discon-
nect sequence in the same manner as the AN relay releases as
described in 2.20.

2.32 Set connected to 105A data set: Depressing the

ORIG pushbutton completes the circuit from
ground through the SO make contacts, the OH break
contacts, the ORIG contacts 5 and 6, and the OR relay to
+20 v dc. The OR relay then operates, its make contacts close
and the OH relay will operate. The OR relay remains
energized when the ORIG pushbutton contacts 5 and 6 open
through the holding circuit composed of the OR, OH, and SO
make contacts to ground.

233 The ORIG lamp lights with the closure of the OR
and OH make contacts (in series with the SR break

contacts). These contact closures also make the speaker

amplifier operable by turning on output transistor Q2.

2.34 After the CLR pushbutton is depressed, or upon
the receipt of the end of transmission code, the SR
break contacts (in series with the OR and OH make contacts)
open, turning off the ORIG lamp and disabling the speaker
amplifier. Relays OR and OH release during the disconnect
sequence in the same manner as the OH relay in 2.22.

ROTARY DIAL OR PULSING CARD DIALER CIRCUIT

2.35 The following circuit description applies to ASR
and KSR sets only.

2.36 When originating or answering a call, the ringer is
disconnected and the hybrid transformer is con-
nected, between ring and tip, to present an off hook
condition to the central office. Both the rotary dialer and
pulsing card dialer have off-normal contacts which close and
short circuit the speaker output during dialing. The operator,
therefore, will not hear dialing clicks through the speaker.

A. On-Hook

2.37 When the set is in the on-hook condition, the

ringer is connected between ring and tip through
the AN break and OR break contacts (in the 101C data set)
or, through the OH break contacts (in the 105A data set).

B. Originating a Call

2.38 Set connected to 101C data set: the OR relay

operates, the OR break contacts open the ringer
circuit, and the OR make contacts close the circuit from tip,
through the pulsing contacts of the rotary dial (and the
pulsing card dialer, if present), and through the hybrid
transformer to the ring circuit.



2.39 Set gonnected to 105A data set: The OH relay

operates and the OH break contacts open the
ringer circuit. The OH make contacts close the circuit from
tip, through the pulsing contacts of the rotary dial (and
pulsing card dialer, if present), and through the hybrid
transformer to the ring circuit. After the call connection is
made, the CR (connect) make contacts or the CO (connect)
break contacts close to short circuit the dialer pulsing
contacts.

C.  Answering a Call

2.40 Set connected to 101C data set: During an

automatic answer, the RU (ring up) break contacts
(2C2) open and prevent ringing current from reaching the
hybrid transformer when the AN contacts close. The AN
relay is operated and the AN break contacts open the ringer
circuit, The AN make contacts close the circuit from tip,
through the OR break contacts, the AN make contacts, the
RU break contacts, and the hybrid transformer, to the ring
circuit. Since the set is in an answer condition, the dialer
pusling contacts are not in the circuit.

241 Set connccted to 105A data set: During an

automatic answer, the RU (2B2) break contacts
open and prevent ringing current from reaching the hybrid
transformer when the OH make contacts close. The OH relay
is operated and the OH break contacts open the ringer
circuit. The OH make contacts close and the CR make or CO
break contacts close, completing the circuit from tip through
the OH make contacts, the CR make or CO break contacts,
the RU break contacts, and through the hybrid transformer
to the ring circuit. Since the set is in an answer condition, the
dialer pulsing contacts are not in the circuit.

“TOUCH-TONE” DIALER CIRCUIT

2.42 The following circuit description applies to ASR
and KSR sets only.

243 The tone dialer utilizes a transistor oscillator which

generates two frequencies each time a pushbutton
on the dialer is depressed. The frequencies of oscillation are
determined by the values of inductance and capacitance in
tank circuits T1-C1 and T2-C2 (3D4-3D6). Different values
of L and C are placed into the tank circuits {by the closure of
contacts in each circuit) when the pushbuttons are depressed.

2.44 The tone dialer is made operable only when the set

is the originate mode and before the call con-
nection between stations is made. The dialer is made operable
by making the base of Q1 (3F5) negative with respect to the
emitter, causing the transistor to conduct. The circuit path is
from ground through the 200 ohm resistor (connected to the
CAL rheostat), RV4, RV3, R1, and into the data set at CN41
to -20 v dc.
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2.45 In the 101C data set, this path is provided by the

CON make-break and M make-break contacts. In
the 105A data set, the path is provided by the CO
make-break and MO make-break contacts.

2.46 Once the stations are connected, the dialer is

disabled to prevent interference caused by its
accidental use. It is disabled by opening the circuit between
-20 v dc and the collector of Q1. This turns off Q1 and stops
the oscillations. The CON break contacts (in the 101C data
set) or the CO make contacts (in the 105A data set) open to
break the circuit when the stations connect.

2.47 When a tone dialer is used, the speaker amplifier

receives two inputs: the normal telephone line
input and a tone dialer input. The telephone line signal path
is from the incoming amplifier in the data set through CN31
(in the 101C data set) or CN30 (in the 105A data set)
through contacts CS (W2-V) to terminal 1 of speaker
amplifier input transformer T1 (3F3). The signal from the
secondary winding of T1 is fed through contacts CS (Z-Y)
and capacitor C1 to the base of input transistor Q1.

248 The tone dialer multifrequency output is applied

to the base of input transistor Q1 through capac-
itors C5 and C1. The speaker amplifier output (dial tone) is
applied to both the speaker amplifier and the telephone line
through the data set. The circuit path to the telephone line is
from the emitter of output transistor Q2, through capacitor
C3, contacts CS (T-S), and to the outgoing amplifier in the
data set at CN47.

2.49 Depressing a pushbutton on the dialer causes

common switch CS to operate and its YZ contacts
(3D5) to open. This disconnects the signal input from the
telephone line to the speaker amplifier. Common switch
contacts ST (3D3) close to connect the amplifier output to
the telephone line through the outgoing amplifier in the data
set. Contacts W2-V open to prevent the dial tone from
reaching the incoming amplifier which would cause a false
connect. Contacts W1-U (3C6) open and interrupt the dc
current in tank coils T1 and T2, Oscillations then start with a
very short build-up time.

2.50 Potentiometer CAL (3E4) is used to adjust the
level of multifrequency signals generated by the
dialer. It must be adjusted each time the data set is changed.

2.51 Capacitor CAN (3E4) and C4 (3F5) suppress

spurious signals in the range of 7 k hz to 14 k hz.
These signals are generated during the short time interval
when all sensing contacts and the E contacts (3B7) are open.

SPEAKER AMPLIFIER CIRCUIT

2.52 The following circuit description applies to ASR
and KSR sets only.
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2.53 The. speaker amplifier is a conventional, direct-

coupled, two-transistor audio amplifier. The
amplifier may receive two inputs. One input, the frequency-
modulated dial signals from the buffer amplifier in the data
set limiter circuit, is fed to the primary winding of input
transformer T1. (This winding continuously carries the 4 ma
quiescent current of the receiving buffer amplifier in the data
set). The second input comes from the tone dialer (if used),
and is fed directly into the input transistor Q1 through
capacitor C5. Both inputs to the speaker amplifier are dc
isolated from the amplifier stages.

2.54 The output transistor, Q2, provides outputs from

its collector and emitter. The output from the
collector of Q2 is applied to the step-down output trans.
former T2, and then to the speaker and receiver. Poten-
tiometer CF is used to set the proper volume level which may
vary with loop loss and the ambient noise level. Dial tone is
independent of loop noise.

2.55 The output from the emitter of Q2 is divided into

two signal lines. One injects the dial tone into the
data set sending amplifier. The second signal line feeds the
dial tone detection circuit in the data set (if provided). Signal
levels from the emitter of Q2 are essentially independent of
the volume control setting.

2.56 Resistor R6, bypassed by capacitor C6, is a supply

voltage dropping resistor. Diode CR1 (2E6, 3E6)
blocks the sneak path from ground through the ANS and
ORIG lamps in the answer mode. Without CR1, the ORIG
lamp would be dimly lighted and the speaker amplifier would

not be silent when the station is in the answer mode.

2.57 When operating with a 101C data set the speaker

amplifier is made operable only during the origi-
nate mode. This occurs when the OR (originate) relay
operates and its make contacts close, completing the circuit
from the emitter of Q2, through the S (send space) break
contacts (2E8, 3E8), to ground.

2,58 When operating with a 105A data set the speaker

amplifier is made operable only in the originate
mode. This occurs when the OR relay operates and its make
contacts close, completing the circuit from the emitter of Q2,
through the SR (send space) break contacts and the OH
(off-hook) make contacts, to ground.

2.59 The speaker amplifier is disabled after the stations

connect. This is done by short-circuiting the
primary of input transformer T1 through ground by closure
of the CON (connect) make contacts (in the 101C data set)
or the CO (connect) break contacts (in the 105A data set).

SIGNAL GENERATOR CIRCUITS

A. Signal Line Circuit

2.60 The following circuit description mainly refers to
ASR sets. It can be used with KSR sets if all
references to the reader are disregarded. It can be used with
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RO sets if all references to the reader and keyboard are
disregarded.

2.61 The signal line circuit path is from -20 v dc in

cither the 101C or the 105A data set (4F3). The
circuit path goes into the teletypewriter set at CP7, through
the distributor, keyboard, reader contacts, and into the dara
set at CP8.

2.62 Sct connected to 101C data set: When the signal

generator contacts are closed, current of approx-
imatcly 0.005 ampere flows from +20 v dc through the 7500
ohm resistor (4F7) to -20 v dc; and a current of approx-
imately 0.008 ampere flows from ground, through the
emitter and basc of QIM, to -20 v dc. The current through
the contacts is the sum of these two currents, or about 0.013
ampere.

2.63 The voltage across diode CR1M (4F7) is fed to the

modulator in the data sct. When CR1M conducts,
the modulator generates the marking frequency; when the
diode is off, the modulator generates the spacing frequency.

2.64 The modulated signal is then fed to the limiter and

discriminator for demodulation. Demodulated
signals consist of current during marking pulses and no
current during spacing pulses. During marking pulses, tran-
sistor Q3A (4F4) conducts and provides a circuit from
ground through its emitter and collector, through the 249
ohm resistor into the teletypewriter set at CP1. From CP1
the circuit is through the selector magnet drivers, and into
the data set at CP2 to -20 v dc.

2.65 Depression of the BREAK key for 140 milli-

seconds or longer is recognized as a break by the
send break timer in the data set. This causes the modulator to
originate a timed spacing signal of 225 milliseconds duration.

2.66 The timed spacing signal is recognized as a break

{and not a disconnect) by the timer in the data set,
which causes the RB (receive break) relay to pull up and
close the RB make contacts (4F3). The RB make contacts
shunt the transmitter and keyboard signal generator contacts
which block transmission from the station. The BRK-RLS
pushbutton must be depressed before transmission can be
resumed.

2.67 Set connected to 105A data set: From CP8 the

circuit path is through the SO or RO make
contacts to the base of the modulator keying transistor 4Q3
in the data set. When the signal generator contacts are closed,
the base is negative with respect to the emitter and 4Q3 is on.
This causes the modulator to generate the marking
frequency. When the signal generator contacts are open,
transistor 4Q3 is off, and the modulator generates the spacing
frequency.

b
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2,68 In half-duplex operation, the circuit also goes into

the teletypewriter set at CP2, through the selector
magnet driver, into the data set at CP1, and through the
discriminator output transistor 6Q10. Demodulated signals
consist of current during marking pulses and no current
during spacing pulses.

2.69 During marking pulses, transistor 6Q10 conducts

and provides a circuit from ground through its
emitter and collector, through the 240 ohm resistor, into the
teletypewriter set at CP1, to and through the selector magnet
drivers, into the data set at CP2, and through the signal
generator contacts to -20 v dc.

2.70 The time break signal is generated in the 105A data

set as follows: When the set is turned on, the CO
(connect — normally operated) relay operates and the timer
operates the TM (timer) relay. The TM make contacts (4F8)
complete the circuit through the BO (break — normally
operated) relay and the CO make contacts to ground. The BO
relay operates and is held operated by its make holding
contacts and break key contacts when the TM and CO relays
release.

2.71 Depressing the BREAK key releases the BO relay,

causing the timer in the data set to generate a
timed spacing pulse (about 200 milliseconds duration). The
BO break contact closes to complete the circuit from +20 v
dc through the TM break contacts and BO break contacts, to
the base of modulator keying transistor 4Q3. This turns 4Q3
off and causes a spacing pulse to be generated.

2.72 The TM relay operates 200 milliseconds later to

interrupt the path from +20 v dc, through the TM
and BO break contacts, to the base of 4Q3. The transistor
turns on again, and the BO relay operates through the circuit
from +20 v dc, through the TM make contacts, the BO relay,
and the CY make contacts to ground. The BO relay is held
operated by its make holding contacts and the break key
contacts when the TM and CO relays release.

2.73 When the CY (copy) relay is released, the selector
magnet drivers are held in a ready marking con-
dition as follows.

(a) Operation with a 101C data set: The CY break
contacts close to keep discriminator output tran-
sistor Q3A conducting to ground.

(b) Operation with a 105A data set: The CY break
contacts close to provide a path to ground in

parallel with transistor 6Q10. Other CY break contacts

short-circuit the signal generator contacts to -20 v dc.

B. Signal Generation Circuit

2.74 The following circuit description mainly refers to
ASR sets. It can be used with KSR sets if all
references to the reader are disregarded. It can be used with
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RO sets if all references to the reader and keyboard are
disregarded.

2.75 Depressing a key, or operating the reader or

answer-back, causes contacts to either open or
close a part of the circuit path for each code pulse. The
remainder of the circuit path passes through the code
segment on the outer ring of the distributor, and through the
brush to the inner ring.

2.76 The code pulses will be marking if the circuit path
is closed, and spacing if the circuit path is open.

2.77 The path for each pulse through the answer-back
contact block are make contacts. Operation of
these contacts is determined by the coding of the answer-

back drum.

2.78 The path for each pulse through the reader contact
block are make contacts. These contacts will

remain open until a hole is sensed in the tape. When this

condition occurs, the contacts will momentarily close.

2.79 The paths for pulses 1, 2, 3, 4, and 6 through the

keyboard contact block are make contacts. The
contacts close for each pulse whenever a key is depressed that
corresponds to that pulse marking,

2.80 The path for the S5th pulse is determined by
transfer and shift transfer contacts. When a key is
depressed for a character, the 5th pulse make contacts (4B3)
close. This provides a circuit path from KP(5) or KP(2)
through shift break and shift make contacts to KP(3).

2.81 When the shift key is depressed in addition to a

key for a character which has the 5th pulse
marking, the 5th pulse shift break contacts will open.
Therefore, no circuit path is provided between KP(5) or
KP(2) and KP(3), and the 5th pulse will be spacing.

2.82 When the shift key is depressed in addition to a
key for a character which has the 5th pulse

spacing, the 5th pulse shift make contacts will close. This will

provide a circuit path from KP(5) or KP(2), through shift

make and shift break contacts to KP(3), and the 5th pulse

will be marking.

2.83 The path for the 7th pulse goes from KP(4)
through the KP-V make contacts as follows:

(a) On a nonparity keyboard, the path continues
through KP-P, the control break contacts, and
KP(3) to KQ-1.

(b) On a parity keyboard, the path continues through

KS(2), KS-A, the control break contacts, and
KS(1) to KQ-1.
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2.84 The path for the 8th pusle, through the keyboard

contact block on a nonparity keyboard, are make
contacts which close so that the 8th pusle is marking for all
characters.

2.85 The path for the 8th pulse, through the contact

block on parity keyboards, is from KP(2) to KS(1) .

as follows:

(a) The 8th pulse is spacing for all characters when the

sum of the marking pulses in bits 1 through 7 is
even. No path is provided between KP(2) and KS(1)
since the 8th pulse make contacts connected to KP-J
and the shift make contacts connected to KS-C are
open.

(b) The 8th pulse is marking for all characters when

the sum of the marking pulses in bits 1 through 7 is
odd. A path is provided from KP(2) through the 8th
pulse make contacts, KP-J, KP-L, KS-D, the shift break
contacts, KS(2), KS-A, and the control break contacts
to KS(1).

2.86 When the CTRL (control) key is depressed along

with a key for a letter character, the control break
contacts open so that the 7th pulse is now spacing. This
action makes the 6th and 7th pulses alike resulting in a
control or nonprint character.

2.87 On a parity keyboard, whenever the SHIFT key is

depressed to invert the 5th pulse, or the CTRL key
is depressed to change the 7th pulse from marking to spacing,
the 8th pulse must be changed to keep the sum of the
marking pulses even. This is accomplished in the following
manner:

(a) When the SHIFT key is depressed and the 8th

pulse is normally marking, the opening of the shift
break contacts connected to KS-D changes the 8th pulse
to spacing.

(b) When the SHIFT key is depressed and the 8th

pulse is normally spacing, the closing of the shift
make contacts connected to KS(2) change the 8th pulse
to marking. The circuit path is traced from KP(2)
through the break contacts KP-K, KP-R, KS-C, shift
make contacts, KS(2), KS-A and the control break
contacts to KS(1).

(c) When the CTRL (control) key is depressed and the
8th pulse is normally marking, the opening of the
control break contacts change the 8th pulse to spacing.

(d) When the CTRL key is depressed and the 8th pulse

is normally spacing, the closing of the control
break contacts connected to KS(2) changes the 8th
pulse to marking,
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C. Control and Shift

2.88 To obtain certain code combinations, the CTRL

(control) and shift keys are depressed in addition
to some other key. When this is done, the 5th pulse is
inverted and the 7th pulse is spacing, but the 8th pulse does
not change.

2.89 With the 8th pulse normally marking, the circuit

goes from KS(2) through the make contacts, KP-J,
KP-L, the shift make contacts, KP(6), KS-B, and the control
make contacts to KS(1).

2.90 With the 8th pulse normally spacing, the circuit

will be broken since the shift break contacts
connected to KP-R and the 8th pulse make contacts are
open. The path through KP-R, KS-C, the shift make contacts,
KS(2), and KS-A is broken since the control break contacts
are open.

SELECTOR MAGNET DRIVER CIRCUIT

291 The selector magnet driver is a two-stage triggering

regenerative amplifier or flip-flop, used to drive the
selector magnets of the typing unit. The input, 0.020 or
0.060 ampere signal line current, is used to switch the
selector magnets 0.500 ampere output current to full on or
off, without intermediate levels. This provides a switching
operation similar to that obtained with relays.

2.92 Zener diode ZD1 provides a reference voltage of

4.7 volts. This voltage is maintained regardless of
varying values of current through ZD1 or with variations in
external voltages. Therefore, the junction of CR4 and ZD1 is
always -24.7 v dc. (Current flows from -20 v dc through ZD1,
CR4 and R8, and through the parallel path of R2 to 40 v
dc.)

2.93 The frequency modulated space and mark signals

are demodulated and amplified in the data set.
Refer to the appropriate sections for a description of the
data set discriminator and dc amplifier circuits.

2.94 When spacing pulses are generated, no current flow
through the emitter and collector of Q3A (in the
101C data set) or 6Q10 (in the 105A data set). A current of
10 ma flows from -20 v dc through resistor R3, varistor CR5
and theemitter-base path of Q1,and through R1 to -24.7 vdcat
the junction of CR4 and ZD1. (When the signal line current is
0.060 ampere and switching at 0.030 ampere is desired, R1 is
135 ohms.) Transistor Q1 is on (base is more negative than
emitter) and current flows through its emitter and collector.
This puts the base of Q2 at about -20 v dc. The Q2 emitter,
because of bias resistor R6, is at about -20.5 v dc. Because
the base of Q2 is positive with respect to the emitter, Q2 is
off and no current flows through the selector magnet coils.



2,95 When marking pulses are generated, a 0.020

ampere signal current flows from ground at the
emitter of transistor Q3A (in the 101C data set) or 6Q10 (in
the 105A data set) through the emitter-collector path,
resistor R30N or 6R44 in the data set and through resistor
R10. (Resistor R10 is strapped out for operation with 0.060
ampere signal current.

2,96 The current through R10 then divides with 0.010

ampere going through resistor R1, diode CR4 and
resistor R8, and through the parallel path of resistor R2 to
40 v dc. The base of Q1 is at a potential of about -19.5 v dc
while the emitter is at -20 v dc. With the base more positive
than its emitter, Q1 is off and has no collector current. The
voltage drop across diode CR4 is about 0.5 volt, making the
potential at the base of Q2 about -25.2 v dc. With the base
more negative than its emitter, Q2 turns on, and its
emittercollector current flows through the selector magnet
coils.

2,97 When Q2 conducts, its base is held at about -25.2 v

dc by ZD1 and CR4. The current through R3, R4,
and RS is about 0.5 ampere, most of which flows through the
selector magnet coils and the collector. Rheostat R3, is
adjusted for a selector magnet current of 0.5 ampere. This
current is constant because reference diode ZD1 is not
affected by voltage variations.

2.98 Feedback in the emitter circuits of Q1 and Q2 is

used to provide the circuit transitions with a ““snap
action.” When Q2 turns on, the current through feedback
resistor R3 rises rapidly and the voltage across it increases.
This drives the emitter of Q1 more negative. Therefore, when
Q1 turns off it is because of the increasing collector current

of Q2.

2,99 Similarly, when Q2 turns off, the current through

R3 decreases and the voltage across it decreases,
making the emitter of Q1 more positive. In this way Q1 is
driven on when Q2 turns off.

2.100  The transient developed in the collector of Q2

when it is turned off is suppressed by the network
consisting of CR3, R9, and C1. Diode CR6, added to recently
manufactured circuits, prevents destruction of transistor Q1
by accidental shorting of the case (collector) of Q2 to frame
ground.

LOCAL AND MOTOR CONTROL CIRCUITS

2,101  The CY (copy) relay (5F3), in the 101C data set, is

operated by closure of the CON (connect) relay
contacts when the set connects, or by closure of the LCL
(local) key contacts 27 and 28. The CY relay releases when
the set goes out of the local mode, or when the S (send
space) contacts operate on a disconnect.

2,102 The CY relay (5F2), in the 105A data set, is
operated by closure of the CR (connect — nor-
mally released) contacts when the set connects, or by closure
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of the LCL (local) key contacts 27 and 28. The CY relay
releases when the set goes out of the local mode or when the
SR (send space — normally released) contacts operate on a
disconnect.

2.103  In the local mode, the circuit through the CV relay

is completed to ground by LCL contacts 25 and
26. Local contacts 29 and 30 close to light the LCL (local)
lamp. Using a 101C data set in an originating station, the
circuit is completed through the CV relay and OR6 make
contacts to ground. If the 101C data set is used in an
answering station, the circuit is completed through the AN11
make and OR6 break contacts to ground.

2.104 In a station that uses a 105A data set, the circuit is
completed through the CV relay and OH make

contacts to ground. This circuit is in effect when a station

goes off-hook in either the originate or the answer mode.

READER CONTROL CIRCUITS

2.105  The following circuits are applicable to ASR sets
only.

2.106 Using a manual reader, the circuit path goes from

48 v ac through the TD trip magnet, RS break
contacts, START switch make contacts, RB or RR break
contacts, and TD stop break contacts (on sprocket feed
printers) to ground.

Originate Mode

2107  Using a 101C data set, the circuit goes through

CN-32 and OR6 make contacts to ground. If a
105A data set is used, the circuit path goes through CN-32
and OH make contacts to ground.

Answer Mode

2,108  Using a 101C data set, the circuit path goes

through CN-32, AN11 make contacts, and OR6
break contacts to ground. If a 105A set is used, the circuit
goes through CN-32 and OH make contacts to ground.

Local Mode

2109 In the local mode, the circuit path goes through
LCL contacts 25 and 26 to ground using either a
101C or 105A data set.

2110  With the switch on the reader in the START

position, the start contacts close and the TD trip
magnet is put into operation. If the reader runs out of tape or
if the tape becomes tight, the start contacts will open. This
will cause the trip magnet to release and stop the operation
of the distributor and reader. When the tape slackens, the
contacts will close and normal operation resumes.
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2111 The RR or RB (receive break) contacts open when

a break signal is received from a local or distant
station and cause the TD (timer delay) to stop. Depressing
the BRK-RLS (break-release) pushbutton will restart the TD.

2112 When the TD is transmitting to a slower speed

station through a converter and the storage device
becomes crowded, a restrain signal is sent out causing the RS
(restrain) contacts (5F2) to open. This will stop the TD until
the storage device empties itself. The TD will then restart
automatically.

2113 Using an automatic reader, the circuit path goes

from 48 v ac through the TD wip magnet, RS
break contacts, tight-tape break contacts, TDC3 make con-
tacts, and TD stop break contacts (on sprocket feed printers)
to ground.

Originate Mode

2.114  Using a 101C data set, the circuit path goes

through CN-32 and OR make contacts to ground.
If a 105A data set is used, the circuit path goes through
CN-32 and OH make contacts to ground.

Answer Mode

2.115 Using a 101C data set, the circuit path goes

through CN-32, AN make contacts, and OR break
contacts to ground. If a 105A data set is used, the circuit
path goes through CN-32 and OH make contacts to ground.

Local Mode

2116  In the local mode, the circuit path goes through
LCL contacts 25 and 26 to ground using either a
101C or a 105A data set.

2.117 Using an automatic reader, the circuit path goes

from 48 v ac through the TDC relay, stop break
contacts, tape out break contacts, START switch make
contacts or TD call in make contacts, WRU break contacts,
and RB or RR break contacts to ground.

Local Mode

2.118 Using a 101C data set, the circuit path goes

through CP-18, CY make contacts, CP-17, out of
service break contacts and low paper break contacts to
ground. If a 105A data set is used, the circuit path goes
through CP-18 and the CY make contacts to ground.

Originate and Answer Mode
2.119  Using a 101C data set, the circuit path goes

through CN-21, CON make contacts, CN-17, to
ground and through CP-18, CY make contacts, CP-17, out of
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service break contacts, and low paper break contacts to
ground. If a 105A data set is used, the circuit path goes
through CP-18 and the CY make contacts to ground.

Originate Mode Only

2120  The circuit path goes through the stop break
contacts tape out break contacts, X-ON make
contacts, through CP-10 as follows.

(a) M a 101C data set is used, the circuit path
continues through the M break contacts and CON
make contacts to ground.

(b) If a 105A data set is used, the circuit path
continues through the MO make contacts and CY
make contacts to ground.

2.121  If the set is in the originate mode and X-ON is sent
from the keyboard or answer-back of either
station, the function box mechanisms of both stations will
respond. The X-ON contacts at both stations will close
momentarily. Since a path to ground is found only in the
originate station, only the TD at the originate will turn on.

2,122  The TDC relay is released and the TD stops when
any of the following conditions occur:

(a) Switch depressed to STOP position
(b) Tape out

(c) X-OFF code transmitted

(d) WRU code transmitted

(e) Break

(f) Clear or disconnect.

2.123 Using a 105A data set, the TDC holding path in the

local mode goes through the CY make contacts
directly to ground. The TD is operable in local and out of
service modes.

2,124  Using a 101C data set, the TDC holding path in the

local mode goes through the CY make contacts,
out of service break contacts, and low paper break contacts
to ground. Therefore, in the out of service position, no path
to ground is supplied and the TD will not start. If the TD is
started before going into ‘the out of service position, the
TDC1 make contacts will provide a holding path to ground so
that the TD can operate after the set is switched into the out
of service mode.

2.125 A momentary closure oi’ the TD call in function
box contacts (SE6) will operate the TDC relay.
The TDC2 make contacts close to provide the holding circuit.



The TD call in function box contacts close whenever the set
receives the particular code to which the function box is
designed to respond.

2126  On sprocket feed printers, the PJ make contacts

(5B2) close to provide a circuit path to ground
through the motor control relay. This prevents the motor
from turning off during the feeding of a form.

2.127  The PJ break contacts open to turn off the TD

during form feed after the form code is transmitted
from the tape. After the form feed is completed, the contacts
close and the TD will restart automatically.

2128  Diode CR6 rectifics the 48 v ac to provide half
wave dc for the TDC relay. Resistor RS limits the
current through filter capacitor C3.

ANSWER-BACK CIRCUITS

Automatic Answer-Back

2.129  When a station answers a call, the relays in the data
set provide a path to ground through the answer-
back magnet in the following manner. In the 101C data set,
the circuit path goes through the M make and CON make
contacts. In the 105A data set, the circuit path goes through
the MO break and CY make contacts. The answer-back is
mechanically prevented from cycling more than once.

Here Is Answer-Back

2.130 The answer-back will cycle once when the HERE
IS key is depressed.

WRU Answer-Back

2131 When WRU is sent from the keyboard or tape, the

WRU function box mechanism operates at both
the sending and receiving stations. The answer-back at the
sending station is mechanically prevented from responding,
while the WRU function box mechanism trips the answer-
back at the receiving station.

2132  On sets with an automatic reader, a set of contacts

is associated with the WRU function box mech-
anism. These contacts momentarily open when the
mechanism senses the WRU code. When the WRU is
transmitted from the reader, the WRU break contacts
momentarily open the holding circuit through the TDC2
relay. This will release the TDC relay and shut off the TD.
The answer-back is then transmitted from a distant station
without garbling. If, however, the WRU is sent from the tape
of a manual reader, garbling will occur.

EOT DISCONNECT CIRCUIT
2133  The following circuit description mainly refers to

ASR and KSR sets. It can be used with RO sets if
all references to the EOT transmit are disregarded.
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2134 In half-duplex operation, the disconnect sequence

is initiated whenever the sending or receiving
station transmits the EOT (end of transmission) code. The
EOT function box contacts at both stations close momen-
tarily after the EOT code is transmitted.

2135  The circuit is arranged so that closing the EOT

contacts (6E4) completes a circuit only when the
demodulated output is marking. This action prevents discon-
necting on a break signal received during the transmission of
a character. The break signal could cause the character to
appear as the EOT code and initiate a disconnect. However,
the break signal duration is such that the demodulator output
will be spacing at the time the EOT contacts close.

2136  When traffic is transmitted from tape, the EOT

code is usually followed by a DELETE character to
prevent the transmission of an extra character before
disconnecting.

2.137  Circuit operation using a 101C data set: The circuit

path is from -20 v dc through the S relay, the EOT
contacts (when closed), and through the collector and
emitter of switching transistor QIN to +20 v dc. When the
demodulator output is marking, the base of transistor Q8N is
positive with respect to its emitter. (The output of Q3A is
ground on marking and -20 v dc on spacing.) Transistor Q8N
then conducts and causes the base of QIN to be negative
with respect to the emitter. Transistor Q9N will then also
conduct and complete the circuit path from +20 v dc to -20 v
dc and through the S relay when the EOT contacts close. The
S relay then initiates the disconnect sequence. The SR relay
is held operated through its holding contacts.

2138  Circuit operation using a 105A data set: The

circuit path is from -20 v dc through the SR relay,
the collector and base of 2Q2, the EOT contacts, and the
base and emitter of transistor 2Q6 to ground. Transistor 2Q2
conducts whenever the demodulator output is marking. When
the EOT contacts close, if transistor 2Q2 is conducting, the
base of transistor 2Q6 will be more negative than the emitter.
Transistor 2Q6 will then also conduct and provide a complete
circuit path from ground, through its emitter and collector,
through the SR relay, to -20 v dc. This operates the SR relay
which initiates the disconnect sequence.

RINGER AND OFF-HOOK CIRCUITS

2139  Set connected to 101C data set: The initial station

line circuit path is from the ring side of the
telephone line to the parallel-connected bell, the RU relay,
through the AN and OR break contacts, and to the tip side of
the telephone line.

2140 At the originating station, the ORIG (originate)

pushbutton is depressed, the OR relay operates,
and its transfer contacts break the connection of the bell and
RU relay between ring and tip. At stations with a tone dialer
(M option), a strap is used in place of the rotary dial
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contacts. When -this action is completed, an off-hook con-
dition is presented to the central office.

2141 At the answering station, the ac ringing current is

received from the central office. If the called
station is in the automatic answer mode, the ringing current
operates both the bell and the RU relay. The RU relay
operates the AN relay, which is held operated by its holding
contacts. The AN transfer contacts break the connection of
the bell and RU relay and connect the hybrid transformer
into the circuit between ring and tip. This action presents an
off-hook condition to the central office.

2.142 Set connected to 105A data set: The initial station

line circuit path is from the ring side ‘of the
telephone line to the parallel-connected bell and RU relay,
through the OH break contacts, and to the tip side of the
telephone line.

2,143 At the originating station, the ORIG pushbutton is

"depressed, the OR relay operates and, in turn,
operates the OH relay. The OH transfer contacts break the
connection of the bell and RU relay, and connects the rotary
dial contacts, which are in series with the hybrid transformer,
into the circuit between ring and tip. At stations with a tone
dialer (M option), a strap is used in place of the rotary dial
contacts. When this action is completed, an off-hook con-
dition is presented to the central office.

2,144 At the answering station, the ac ringing current is

received from a central office. If the called station
is in the automatic answer mode, the ringing current operates
both the bell and the RU relay. The RU relay operates the
OH relay, which is held operated by its holding contacts. The
OH transfer contacts break the connection of the bell and
RU relay and connects the hybrid transformer into the
circuit between ring and tip. This action presents an off-hook
condition to the central office.

OUT OF SERVICE CIRCUIT

2145  The following circuit description mainly refers to

ASR and KSR sets. It can be used with RO sets if
all references to the dialer and speaker amplifier are
disregarded.

2146  The OUT OF SERV (out of service) switch is used

to prevent the set from automatically answering
incoming calls. The OUT OF SERV lamp is lighted by the
closure of contacts 7 and 8 to indicate this condition.

2.147  When the switch is turned to the OUT OF SERV

position, the set will respond in one of two ways,
depending on the option selected. With the A (don’t answer)
option, the ringer and RU relay are made inoperative by
shorting when contacts 5 and 6 close. With the B (make
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busy) option, the ringer and series capacitor are shorted when
contacts 5 and 6 close. This makes the station appear to be
off-hook or busy to the central office.

2.148  The NL (nonlocking) contacts 1, 2, 3, and 4 of the

OUT OF SERYV switch are used at terminal hunting
stations, where the switch is rotated to the RESTORE
position until a dial tone is heard. In this position the
contacts do the following:

(a) Make contacts 3 and 4 short the tip to ring,

producing an off-hook condition, which detected
by central office. The central office releases the set from
lock-out and applies the dial tone.

(b) Make contacts 1 and 2 apply ground to the speaker
amplifier, permitting it to pass the dial tone.

PAPER ALARM CIRCUIT

2.149  The paper alarm circuit operates an audible alarm

(buzzer) and warning lamp to alert the operator
when the tape or paper supply is low. In addition, it prevents
the set from automatically answering a call during an alarm
condition.

2.150 When the typing unit paper supply is low, the low

paper switch will operate. On friction feed typing
units, this switch will operate when the paper roll decreases
to a predetermined diameter. On sprocket feed typing units,
the switch will operate when a bail drops through a notch in
a form near the end of the supply.

2.151  Operation of any of these switches will close the

circuit from 10 v ac to ground by going through
the buzzer and the BUZ-RLS (buzzer release) lamp. The
buzzer sounds. Depressing the BUZ-RLS pushbutton will
turn the buzzer off but the BUZ-RLS lamp will remain on
until one of the other pushbuttons is depressed.

2152  Set connected to 101C data set: The automatic

answer circuit path is from -20 v dc through the
AN relay, RU make contacts, CY break contacts, out of
service switch break contacts and low paper switch break
contacts to ground.

2153 On automatic answer, the RU (ring up) make
contacts (8B5) close to operate the AN (answer)
relay, which remains operated because of its holding contacts.

2.154  Set connected to 105A data set: The automatic

answer circuit path is from +20 v dc through the
OH relay, OR break contacts, RU make contacts, CY break
contacts, out of service switch break contacts and low paper
switch break contacts to ground.

2155 On automatic answer, the RU (ring up) make
contacts (8B6) close to operate the OH (off-hook)
relay which remains operated because of its holding contacts.



2.156  The automatic answer is disabled during the
following conditions regardless of which data set is
used:

(a) Set in Local Mode: In the local mode, the CY relay

is operated and its break contacts are open,
preventing automatic answer. On an incoming call, the
ringer sounds and the ANS lamp flashes. The call may
be answered manually by depressing the ANS push-
button.

(b) Low Paper: The low paper break contacts open,

preventing automatic answer from taking place. On
an incoming call the ringer will sound and the ANS lamp
will flash. The call may be answered manually de-
pressing the ANS pushbutton.

(c) Out of Service: The out of service break contacts

open preventing automatic answer from taking
place and also disabling the ringer. The ANS lamp will
flash on incoming calls. The call may be answered
manually by depressing the ANS pushbutton.

POWER CIRCUITS

2.157  The following circuit description refers mainly to

ASR sets. It can be used with KSR sets if all
references to the tape reader and tape punch are disregarded.
It can be used with RO sets if all references to the tape
reader, tape punch, and the rectifier are disregarded.

2.158  The 115 v ac input supplies the power for the
following items:

(a) Motor

(b) Selector magnet driver transformer
(c) Power transformer (10-14-48 v ac)
(d) Elapsed time indicator

{e) Rectifier on reader card.

2.159  The elapsed time indicator and motor are operated
by the motor control relay make contacts.

2.160 When the TD trip magnet operates it causes the TD

feed magnet to energize. The feed magnet raises
the reader sensing pins while the distributor transmits the
start pulse. If a hole is present in the tape, the code contacts
will be closed. If no hole is present in the tape, the code
contacts will be open.

2161  The TD trip magnet remains energized and the
sensing pins remain up when the distributor trans-
mits the 8th code pulse. At the end of the 8th code pulse, the
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TD feed magnet contacts open causing the magnet to
de-energize. This will cause the feed wheel to stop and the
sensing pins to retreat.

2.162 When the distributor transmits the start pulse, the
TD feed contacts will close and the cycle will be
repeated.

3. CIRCUIT SWITCHING SERVICE

3.01 Circuit switching service operates over short and

intermediate length telegraph loops using neutral
signaling or, over longer loops with polar signaling when
modified with proper polar-to-neutral converting circuitry.
Within the unit are a power supply circuit, and a motor delay
timer circuit.

POWER SUPPLY CIRCUIT

3.02 A fused power supply circuit (Figure 1), operates

on 117 volts ac +10 percent at 60 hertz +1/2 hertz,
and a power input of 12 watts. The power supply ground is
floating with respect to the input signal line; that is, it is not
at earth ground. Therefore, the center tap of the transformer
is +120 volts from earth ground in neutral signaling. The
polar adapter, on teletypewriters so equipped, also contains a
power supply. This power supply, as well as the one found on
the call control unit, uses an earth ground.

LOCAL-REMOTE CONTROL CIRCUITS

3.03 The local-remote control consists of three printed

circuits placed upon the same circuit card that
accomplish the switching called for by the line input or the
call control unit pushbuttons. The three circuits are,
proceed-to-dial, connect, and local. The circuits are essen-
tially made up of binaries (flip-flops) that have been modified
to perform certain functions. All three circuits are protected
with a diode arc suppressor against transients and voltage
pulses generated by their associated relays.

3.04 A negative voltage, generated at the collector of a

transistor will be shorted through the diode to
resistor R27. The transient will be developed across R27 and
the lamp associated with the relay. The diodes that suppress
the transients in each circuit are C10, C12, and C19. The
circuits are also protected from transient noise induced into
them from leads in the cable to the dial and key and lamp
assembly. A low-pass filter or delay network of the RC type
is placed in a feedback loop in each binary. These delay
networks are made up of R10 and C3, R21 and C4, and R39
and C11.

3.05 The signal line inputs are filtered against spurious

noise occurring on the signal line. There are two of
these RC type filters. In the proceed-to-dial circuit, RS and
C1 provide a 0.001 second delay while, R12 and C2 provide a
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Figure 1 - Power Supply Circuit

0.02 second delay in the connect circuit. The network
consisting of R31 and C6 found in the 240 volt signal line,
acts as an arc suppressor to protect its associated contacts.
This network may be removed from the signal line by
removing the strap between terminals TL4 and TL5. Addi-
tional network components may be added to these terminals,
if required.

A. Proceed-to-Dial Circuit

3.06 The proceed-to-dial circuit (Figure 2), consists of a

binary with a line input amplifier. The amplifier
consists of transistor Q1 and its associated components, and
the binary consists of transistors Q2 and Q3 along with their
associated components. The amplifier is connected to the
binary through a low-pass filter delay network (R5 and C1)
which suppresses signal line noise. The input to the binary,
coming from the filter network and passing through R6, will
turn on the proceed-to-dial circuit. Control inputs through
R15 and the stop pushbutton contacts 1 and 2, are used to
turn off the circuit. Operation of the transistors in the
proceed-to-dial circuit is as follows:
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(a) When transistor Q2 is in conduction, its collector is

very near a neutral potential. Current will flow
through Q2, R11, stop pushbutton contacts 1 and 2,
and R27. Current will also flow from +18 volts through
R8 and CR9 to the collector of Q2. The base of Q3 will
be held at +0.8 volts with respect to the collector of Q2
due to the current flow of CR9. The base of Q3 will
therefore, be slightly positive with respect to neutral,
and Q3 will be turned off. With Q3 off, its collector will
be negative and Q2 will be held in conduction. This is
accomplished by applying current to the base of Q2
supplied through the low-pass filter made up of R9Y,
R10, and C3.

{b) When transistor Q3 is in conduction, the proceed-

to-dial circuit will be on and the collector of Q3
will be very near neutral. Current will flow through Q3,
K1, the dial lamp, and R27. Since the collector of Q3 is
near neutral, current flow through R7, R9, and R10 will
produce a positive potential at the base of Q2. This
positive potential will hold Q2 off. With Q2 held off,
base current for Q3 will flow through CR9, R11, stop
pushbutton contacts 1 and 2, and R27. This flow of
current will hold Q3 in conduction.
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Figure 2 - Proceed-to-Dial Circuit

(c) If an input current in excess of 0.009 ampere flows

from TB-8 across CR4 to neutral, a positive
potential of 0.8 volts will be developed across CR4. This
positive potential will hold Q1 in conduction and its
collector near neutral. The neutral condition has no
effect upon the base of Q2 because of the isolation
provided by R5 and R6. If the input current falls below
0.009 ampere, a negative potential of 0.8 volts is
developed across CR4 due to current flow through R3,
R2, and CR4. This potential will turn off Q1 and its
collector becomes positive. Current now flows through
R4 and R5 to charge C1 towards a +18 volts. When a
sufficient voltage is developed across C1, the base of Q2
will be back-biased through R6. Transistor Q2 turns off
and Q3 turns on placing the proceed-to-dial circuit in
the on condition. Back-bias to the base of Q2 is supplied
by the voltage divider R7, R9, and R10 so that the
positive potential across R6 is no longer required to
hold Q2 off. If more than 0.009 ampere begins to flow
across CR4 again, Q1 will turn on, and its collector will
go to neutral, but this will have no effect on the base of

Q2.

3.07

(d) If a negative signal is applied to the side of R15

opposite the base of Q2, enough current will flow
to forward-bias the base of Q2 and cause it to conduct.
Q3 will turn off and supply sufficient base current
through R9 and R10 to hold Q2 in conduction. The
negative signal on R15 can now be removed, and Q2 will
remain in conduction.

(e) With the proceed-to-dial circuit on, Q3 will be in

conduction. Base current for Q3 will flow through
R11 and CRY. Depressing the STOP pushbutton causes
contacts 1 and 2 to open breaking the current path.
Transistor Q3 will then turn off and Q2 will turn on.
There will be no collector current flowing in Q2;
therefore, the collector will be near neutral holding Q3
off. When the STOP pushbutton is released, collector
will flow in Q2 and the proceed-to-dial circuit will turn
off.

Connect Circuit

The connect circuit (Figure 3) consists of a binary
(Q4 and Q6) of which one side is driven by emitter

follower Q5. The only control input to this circuit is by the
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signal line through R12 and R13. A signal delay of
approximately 0.02 seconds is provided by the low-pass filter
network consisting of C2 and R12. A single passive control,
consisting of R28 and CR3, is used for low-paper conditions.

(a) Transistor Q5 controls the base of Q4. When

transistor Q4 is in conduction, its collector is very
near a neutral potential. A voltage divider consisting of
R17 and R18 hold the base of Q6 positive so that Q6 is
off. This will make the collector of Q6 go negative and
also make the base of Q5 go negative by the current
path through R20 and R21. Since Q5 is an emitter
follower, its emitter will be held at the same potential as
its base. With its emitter at a negative potential, Q4 will
be held on. :
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(b) When the connect circuit is on, Q6 will be in

conduction and its collector will be near a neutral
potential. The voltage divider R19, R20, and R21 holds
the base of Q5 and therefore the emitter, at a positive
potential. With the emitter of Q5 at a positive potential,
the base of Q4 will be reverse-biased, the transistor will
be off, and its collector will go negative. The connect
circuit will be held on by the base for Q6 that flows
through R16 and R17.

(c) To control the connect circuit a high voltage must

be developed at the junction of CR1 and CR2
(circuit card TP305689). This voltage will be approx-
imately +200 volts. If a +200 volt signal is applied at
this point, the base of Q5 will be biased positive, Q4 will



turn off and Q6 will turn on. If a -200 volt signal is
applied, the base of Q5 will be biased negative, Q4 will
turn on and Q6 will turn off. An input signal at or near
a neutral potential will have no effect upon the connect
circuit, and it will remain in its prior state.

(d) The base of Q5 is protected against excessively.

high voltages by transistor operation or by CR11.
If a -200 volt signal is present, the voltage on the base of
Q5 will go in a negative direction and force its emitter
to follow. When the emitter of Q5 becomes negative
with respect to ground, Q4 will turn on. With Q4 in
conduction, the potential on its base will be close to the
emitter. Therefore, the base cannot go more negative
than -0.4 volts. This action will hold the basc voltage of
Q4 to within -0.4 volts of its emitter. Therefore, the
base voltage of Q5 cannot become more negative than
.0.8 volts. If a +200 volt signal is present at the input,
the base of Q5 will start to become positive. The diode
CR11 is forward-biased to positive base voltages. It will,
therefore, limit the base voltage of Q5 to +0.8 volts.
Therefore, under the severest input conditions, a voltage
swing of more than +0.8 volts is not expected.

(¢) Resistors R24, R25, R26 and capacitor C5 are used

where a polar converter is employed. They are
shown all connected together and have no effect upon
the operation of this circuit.

C. Local Circuit

3.08 The local circuit (Figure 4), consists of a binary

and a unijunction transistor timer. The binary
operation of Q8 and Q9 is the same as that described in the
proceed-to-dial circuit. Four input controls are available for
use with the local circuit.

(a) Opcration of the LOCAL pushbutton allows tran-

sistor Q9 to go into conduction and also turn the
local circuit on. When contacts 1 and 2 are closed, base
current will be supplied to Q9 through R37 and R38
causing Q9 to turn on and Q8 to turn off. If the anode
of cither CR13 and CR14 is neutral, the current flowing
through R38 will flow through one of these diodes and
not reach the base of Q9. These two diodes allow the
local circuit to be turned on only when the proceed-
to-dial and the connect circuits are off.

(b) The local circuit can be turned off by depressing

cither the START or the STOP pushbutton. When
the local circuit is on, the base current of Q9 flows
through start contacts 4 and 5 and stop contacts 1 and
2. Since the contacts of the two pushbuttons are in
series, operating either of them will turn Q9 off. The
output of unijunction transistor Q7, will also turn off
the local circuit as it is basically a breakdown device.

ISS 1, SECTION 574-160-103TC

(c) If the voltage on C9 is more negative than

approximately -8 volts, the resistance of the
junction between the lead connected to C9 and the lead
connected to R35 is high. When the voltage on C9
becomes more positive than -8 volts, the resistance of
this junction will become very low, and C9 will recharge
through R35. The increase in current flowing through
R35, while recharging C9, will cause an increase in the
voltage drop R35. The positive pulse is coupled through
C10 and CR17 to the base of Q9 and causes it to turn
off and Q8 to turn on. The local circuit is then off. As
capacitor C9 is recharged, the resistance of the junction

again becomes high.

{(d) Capacitor C9 is discharged toward neutral or held

at about -18 volts through R32 and R33. If the
input to R32 is negative (connect circuit off), C9 will be
held at -18 volts. If the input to R32 is near neutral
(connect circuit on), capacitor C9 will discharge through
R32 and R33 toward neutral. At the end of a 2.3
second interval, the voltage on C9 will be approximately
-8 volts and the unijunction will break down and turn
the local circuit off as described above.

MOTOR DELAY TIMER CIRCUIT

3.09 The motor delay timer circuit (Figure 5), provides
the means to delay motor turn-off in the teletype-
writer. This allows the teletypewriter to complete its printing
cycle and come to rest before the motor begins to stop. This
circuit, along with the selector magnet driver circuit, are
mounted on the same circuit card but are electronically
independent of each other. The circuit is designed to drive a
motor control relay connected between points 3 and 5 and is
operated when either the connect or local circuit is on.

3.10 The motor delay timer consists of a regenerative

switch (Q3 and Q4) and an output driver (Q2). The
input to the motor delay timer is from the collector of Q9
through diode CR16 or from the collector of Q6 through
diode CR15 in the local and connect circuits of the
local-remote control circuit. The diodes provide insulation
between the input of the motor delay timer and the
transistors of the local-remote control for negative signals.
When the - input of the motor delay timer at point 2 is
grounded, the output driver will turn on immediately. When
the input signal is removed, the output driver will remain in
condunction for 0.55 seconds while holding the motor relay
operated long enough to allow the teletypewriter to complete
its printer cycle before turning off the motor.

3.11 When a negative input signal is applied to point 2,

base current to Q3 will flow through R13, R15,
and R14. Q4 will be held in conduction by the base current
flowing through R12 and R16. The collector of Q3 will be
close to -1.6 volts. The voltage divider R12 and R16, will hold
the base of Q2 positive and therefore Q2 will be cut off.
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Figure 4 - Local Circuit
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Figure 5 - Motor Delay Timer Circuit

3.12 If ground is now applied to the input, the base of

Q3 will approach ground and become reverse-
biased. This wili turn Q3 off. The collector of Q3 will now be
at a potential of -10 volts. This voltage will cause the voltage
at the base and emitter of Q4 to be at a potential of -8.5
volts. The emitter of Q3 will be held at -8.5 volts by the
emitter of Q4. This will hold Q3 off. The -10 volt potential at
the collector of Q3 will cause base current to flow to Q2
through CR7, CR8, and R12. Q2 will then go into conduc-
tion, and operate the external motor control relay.

3.13 If the ground input is now removed, current will

flow through R13 and R15 and charge C2 toward
-18 volts. After about 0.55 seconds the voltage on C2 will
reach -8.5 volts and Q3 will go into conduction with its
collector going less negative. This causes the base of Q4 and,
therefore, the emitter of Q3 and Q4, to become less negative.
This process will continue until both Q3 and Q4 are
saturated. C3 will then discharge through R9 and the base of
Q3 to ground. Base current to hold Q3 in conduction is
supplied through R13, R15, and R14.

3.14 At 25 degrees C, with a 390 load, the delay of the

motor timer is from 0.475 second to 0.675 second
when the supply voltages are within 3 percent of their
nominal values.

SELECTOR MAGNET DRIVER CIRCUIT

3.15 The selector magnet driver circuit (Figure 6),

_combined with an external power transformer, and
a filter capacitor, provides 0.500 ampere current for driving
the selector magnet from a telegraph signal source of
appropriate input line current. The input signals are applied
through terminals 6 and 11, with R1 determining the
switching level.

3.16 For a mark input, a positive current is applied to

terminal 11. This will provide a positive bias to the
base of transistor Q1 that overcomes the normal negative bias
supplied through R1 and stabilized by zener diode ZD1. Q1
will turn off as the increasing positive current reaches
one-half of its final value. The collector of Q1 then goes
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Figure 6 - Selector Magnet Driver Circuit

negative and this negative potential is applied to the base of
QA and turns QA on. R4 will provide emitter bias to Q1, and
supplies a regenerative action to the transistor.

317 The selector magnet is connected between the

collector of QA and the junction of R7 and RS,
and supplies the load for QA. On marks, the current rises to
0.500 ampere and energizes the selector magnet. On spaces,
the positive input bias decreases, and Q1 is turned on at the
half-line current point by negative bias through R1. The
collector of Q1 rises towards a zero potential, applying
reverse-bias to QA, turning off QA, and de-energizing the
selector magnet. The selector magnet opposes the change in
current, and it applies a transient potential to the collector of
QA. CR3 will now conduct and pass the transient potential
to C1 and RS which limits the potential to a value well under
the breakdown voltage QA while selector magnet energy is
being dissipated.

NEUTRAL SIGNALING

A. Circuit Interconnections

318 The block diagram for the circuit interconnections
is shown in Figure 7.
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Proceed-to-Dial

319 In order to turn on the proceed-to-dial circuit, two

conditions must be satisfied: The START push-
button must be depressed and the proper line signal must be
received from the exchange. The START pushbutton
presents the proper signal to the exchange so that the request
to dial is recognized. It also protects the circuit from an open
line and long line breaks such as those generated when
dialing.

3.20 The proceed-to-dial circuit can be turned off in

two ways: By the depression of the STOP push-
button or by the operation of the connect circuit. Local
control is provided by the STOP pushbutton while the
connect circuit provides automatic control initiated by the

exchange.

kW) The connect circuit is controlled only by the line
and, therefore, has only one input which comes
from line sensing and control.

Local Circuit

3.22 To turn on the local circuit, the following condi-
tions must be satisfied:
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(a) The proceed-to-dial and the connect circuits must
be off. and the LOCAL pushbutton must be

depressed.

(b) The input of both the proceed-to-dial and the

connect circuit protect against the accidental op-
cration of the local circuit which would otherwise cause
an automatic disconnect.

3.23 The local circuit is turned off by depressing the
STOP pushbutton, the START pushbutton, or the
2.3-second timer. The START and STOP pushbuttons
provide local control of the circuit, while the 2.3-second
timer provides the automatic control. The timer is controlled
by the connect circuit which is, in turn, controlled by the
line. The timer will continue to oscillate as long as the
connect circuit is on although only the first timing pulse is
required to turn off the local circuit.

3.24 Each of the circuits mentioned has an input to the
line sensing and control. The inputs are in the form
of relay contacts which switch the line through the proper
internal path in the local and remote control assembly. When

either the connect or local circuit is on, a motor control relay
is operated. The contacts of the relay are used to turn on the
motor of the associated typing unit.

B. Idle Line Conditions
3.25 The schematic diagram of the local-remote control
circuit (Figure 8) shows the current flow during
the idle line condition. In this state, all relays and lamps are
off. This requires that transistors Q3, Q6, and Q9 be off and
that Q2, Q4, and Q8 be in conduction. The output transistor

of the motor delay timer is off, and the selector magnet
driver is marking.

3.26 The signal loop is a 240-volt source with 4000
ohms in series. In the idle condition the local-
remote control offers 43,800 ohms of local resistance to the
signal loop. The flow of loop current in this condition is
shown in Figure 8. Current flows from TB8, the positive idle
terminal, across CR4, through R1 and CR1 in parallel with
the base emitter_ junction of Q4 and Q5, R13 and R12. From
this point, current flows through the dial pulse contacts to

terminal TB9.
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3.27 The loop current develops a positive potential at A

in Figure 8 holding Q1 on. The collector of Q1 is
shorted to ground through START pushbutton contacts 1
and 2. Therefore, no signal may be developed at the collector
unless the START pushbutton is depressed. The loop current
develops approximately a -200 volt potential at point B. This
potential will hold Q4 in conduction while holding Q6 and
the connect circuit off.

3.28 To locally hold the selector magnet driver and the

distributor at neutral, a 0.060 ampere current is
supplied through R23 and flows through K2 relay contacts 1
and 2, and K3 relay contacts 1 and 2.

C. Initiating a Call

3.29 A call can be initiated with the teletypewriter in

either the idle or local condition by depressing the
START pushbutton. This performs three functions: Contacts
4 and 5 open to turn off the local circuit; contacts 1, 2, and 3
operate shorting the local loop resistance, allowing the loop
current to rise to 0.060 ampere; contacts 1 and 2 open to
remove the short from the collector of Q1. The collector will
remain at ground since more than 0.002 ampere is flowing
through C4. The loop current now flows from TB8, through
CR4, START pushbutton contacts, CR1, and the dial
impulse contacts to TB9. Shorting out the local loop
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resistance causes the voltage at point A to rise to neutral.
This action has no effect on the state of the connect circuit.

(a) Procecd-to-dial: When the START pushbutton is
depressed, a proceed-to-dial pulse will causc the
collector of Q1 to go positive and, in turn, operate the
proceed-to-dial circuit (turn Q3 on). With Q3 in
conduction, current will flow through relay K1 and the
DIAL lamp. This causes both of them to be operated.
The normally open contacts 1 and 2 of the K1 relay will
operate and short the START pushbutton contacts 1
and 3. Loop current now flows from TB8, through CR4,
K1 relay contacts 1 and 2, CR1, and the dial pulse
contacts to terminal TB9. '

(1) With Q3 in conduction, its collector will be

ncar neutral, CR13 will be forward-biased,
and depending on the strapping of TL1, 2, and 3,
will either hold the junction of R37 and R38 in the
local circuit near neutral and, therefore, preventing
the operation of the local circuit or will cause the
motor to start.

(2) The proceed-to-dial circuit may be turned off
by depressing the STOP pushbutton. STOP
contacts 1 and 2 will open causing Q3 to turn off



and the unit to revert to the idle line condition.
The current loop is shown in Figure 8.

(3) If the START pushbutton is released any time

before the proceed-to-dial pulse is given by
the exchange, the unit will revert back to the idle
line condition. The START pushbutton should not
be reoperated for a few seconds as the exchange
requires a short time to reset after this condition.

(b) Dialing: The dial is in the signal loop at all times,

but it may be used to transmit information to the
exchange only during the proceed-to-dial and the
connect conditons. Since the dial impulse contacts are
in series with the loop, operation of the dial will
completely break loop current. In order to prevent
damage to the dial contacts, an arc suppressor consisting
of R31 and C6, is placed across the contacts. Terminal
lugs TL4 and 5 are provided so that this network can
easily be connected or disconnected or so that addi-
tional network components can be placed in series with
R31 and C6 as needed.

D. Connection

3.30 The schematic diagram of the local remote control
circuit (Figure 9) shows the current flow during
the local connection.

+18V - 18V
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3.31 Local Connection: If a call is initiated locally,

current in the loop will be 0.060 ampere from TB8
to TB9 through the path described in 3.28 before con-
nection. When the loop polarity is reversed by the exchange,
current will flow from TB9 to TBS. Diode CR1 becomes
reverse-biased and stops current flow except through R12
and R13. This current flow will turn off Q4 and turn on Q6.
With Q6 in conduction, the connect circuit will be on, the K2
relay will operate and the CONN (connect) lamp will light.
The contacts of the K2 relay will switch and allow the loop
current of 0.060 ampere to flow through the distributor and
selector magnet driver as shown in Figure 9. Loop current
now flows from TBY, through the dial pulse contacts, CR2,
K2 relay contacts 2 and 3, K3 relay contacts 1 and 2, the
keyboard distributor, the selector magnet driver, and CR4 to
TBS.

3.32 With Q6 in conduction, CR15 will be forward-

biased and turn on the output transistor of the
motor delay timer. The K4 motor control relay will operate
by closing its contacts and turning on the printer motor. Q4
will now be cut off and its collector will go negative.
Feedback from the collector of Q4 to the base of Q2 through
R15 will turn off the proceed-to-dial circuit. The K1 relay
contacts will open and the dial lamp will go out. This will
have no effect upon loop current flow since these contacts
are not now in the current loop. The junction of R37 and
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SELECTOR MAGNET
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» >

L)

DISTRIBUTOR

Figure 9 - Local-Remote Control Circuit — Current Flow (Local Connection)
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R38 is held near neutral from the collector of Q6 through
CR14. This will prevent operation of the local circuit.

3.33 Remote Connection: On an incoming call, the

teletypewriter may be connected remotely while in
the idle line or local conditions. The loop path is shown in
Figure 8 for both of these conditions. The incoming call
causes the exchange to reverse the loop polarity. This causes
the potential at the junction of CR1 and CR2 to change from
-200 volts to approximately +200 volts. The potential causes
the connect circuit to operate as described in 3.32

3.34 Low-Paper Circuit: If the paper in a teletypewriter

has become low and the low-paper contacts op-
erate, the junction of R12 and R13 will not be allowed to
become positive. Q4 cannot be turned off, and a connection
cannot be made. If low paper occurs during a call, the
teletypewriter will remain in the connected state, since zero
potential at the junction of R12 and R13 will not effect the
connect circuit. A disconnect will occur in the normal
manner, since CR3 will be reverse-biased to a negative
potential at the junction of R12 and R13. If a call is initiated
locally with a low-paper condition, the normal sequence of
events will occur until a connection is attempted. When the
exchange cannot connect, it will reverse the loop polarity,
and the teletypewriter will return to the idle state.

E. Disconnect

3.35 Local Disconnect: Operation of the STOP push-

button while in the connect condition opens
contacts 4 and 5 which are in series with the loop, and breaks
the loop. When the exchange recognizes the break, it reverses
the loop polarity. The reverse polarity is blocked by CR2,
and current flows through CR1 along the path shown in
Figure 8. At point A a -200 volt potential is developed due to
the current flow described in 3.26 through 3.28. This
potential causes the connect circuit to turn off and the
teletypewriter stops running open. The input to the motor
delay timer becomes negative, and the timer will time out.
After 0.55 second the motor control relay releases, and the
motor will turn off.

3.36 Remote Disconnect: The operation of the circuits

and the loop paths are the same as those described
in 3.33. The STOP pushbutton is not operated locally, but
the signal conditions appear identical to the local-remote
control.

F. Local Off-Line Operation

3.37 When the teletypewriter is in the idle line condi-

tion, depressing the LOCAL pushbutton will cause
the local circuit to turn on. If the control is in the
proceed-to-dial or connect conditions, either CR13 or CR14
will prevent operation of the local circuit. When the local
circuit does operate, the LOCAL lamp will light. K3 relay

Page 24

contacts 2 and 3 will short out K2 relay contacts 1 and 2
located in the keyboard selector magnet driver loop. Current
in this loop will then flow through R23, K3 relay contacts 2
and- 3, the keyboard, and the selector magnet driver to
neutral. CR16 will be forward-biased causing the output
transistor of the motor delay timer to turn on. The motor
control relay will operate and the motor will start. The
teletypewriter is now ready for off line operation. To returr.
to the idle position, the STOP pushbutton should be
depressed. STOP pushbutton contacts 1 and 2 open and turn
off the local circuit. A call may be initiated in the usual
manner. When the START pushbutton is depressed, its
contacts 4 and 5 open and turn off the local circuit the same
way as if the STOP pushbutton were used.

(a) If an incoming call is received while the teletype-

writer is in the local condition, the action of the
circuit is the same as that described in 3.30 through
3.32. The K2 relay operates to shunt the line through
the keyboatd distributor and selector magnet driver, but
this operatibn cannot be accomplished since the K3
relay contacts 2 and 3 have shorted the K2 relay
contacts 1 and 2 out of the circuit. Operation of the K3
relay contacts 4 and 5 will complete the 115 v ac circuit
to the buzzer causing it to sound.

(b) With the connect circuit on, the collector of Q6

will be near neutral. This causes the timer to start.
At the end of a 2.3 second period, a positive pulse from
the timer is coupled to the base of Q9 through C10 and
CR17. This pulse will cause the local circuit to turn off.
The LOCAL lamp will go out and K3 will release. The
K3 contacts 1 and 2 will short the signal loop through
the keyboard distributor and selector. The K3 relay
contacts 4 and 5 will open and the buzzer will turn off.
The teletypewriter is now in the connect condition.

POLAR ADAPTER
A. General

3.38 The following description is based upon schematic
wiring diagram 5923WD.

3.39 The polar adapter converts the types of signals

received from the receiving leg and the teletype-
writer into those usable by the circuitry and the sending leg.
Some of the functions of the relay contacts are modified by
the polar adapter, but they serve the same general purpose.
The outward operations of the call control unit, with the
polar adapter attached, are identical to those of the call
control unit alone.

3.40 The polar adapter consists electrically of four basic
parts. These parts are:

(a) Receiving polar relay: This relay converts the
received signals into those usable by the circuitry
of the adapter and the call control unit.



(b) Sending polar relay: This relay converts the make-
break signals generated by the distributor into
transmitted line signals.

(c) Connect control timer: This circuit is made up of
four basic parts and differentiates between control
and information signals.

(d) Current amplifier: This circuit amplifies the signals
of the receiving polar relay to control the selector
magnet driver.

kX)) The polar adapter operates on a 3-wire basis. Two

of these wires are the sending and receiving legs.
The third wire is an earth return for these two legs. The polar
adapter will, therefore, not operate unless earth ground is
supplied. The chassis of the polar adapter is grounded to the
power supply. When installed in the call control unit,
electrical connection is made through the chassis contact to
the third wire in the power plug. This third wire in the power
cord must be connected to a suitable earth ground.

342 The sending and receiving polar relays are of the

nonbridging mercury-wetted contact type. They
are housed in metal cylinders with an 11-pin tube socket at
their base. Because of the mercury in the relay capsule, they
must be operated within 30 degrees of vertical to prevent
shorting of the contacts.

(a) The coils of the polar relay are as follows:

Pins no. 2 and 11 - Drive coil
Pins no. 3 and 10 - Drive coil
Pins no. 5and 9 - Bias coil
Pins no. 6 and 8 - Bias coil
Pinsno.1and 7 - Contacts
Pin no. 4 - Tongue

(b) In the polar adapter, contact no. 7 has been chosen

as the spacing contact and contact no. 1 as the
marking contact. To close contact no. 1 and the tongue,
current must flow from either pins no. 2 to 11, 3 to 10,
9to5,0or8to6.

343 All polar relay contacts are protected by arc

suppressors. These arc suppressors slow the rate of
change of voltage across the mercury-wetted contacts of the
polar relays. On the receiving polar relay the arc suppressors
are made up of R32, R33, C5, and C6. On the sending polar
relay they are made up of R43, R44, C7, and C8.

3.44 All voltage sources are isolated by at least 120

ohms, In the event of 4 momentary short, current
through the polar relay contacts or the connectors is limited
to 1 ampere or less. If a short is of long duration, the resistor
will act like a fuse and open the shorted circuit. These
resistors are R34, R36, R38, R41, and R42,
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345 When polar signals are being transmitted by the

sending polar relay, a noise suppressor is used in
the sending leg. This suppressor consists of a “pi” filter and is
made up of C11A, C11B, and R45. The filter rejects all high
frequency components of the transmitted signal. It is not
used when neutral signals are transmitted.

B. Receiving Polar Relay

346 This polar relay and its associated components
convert incoming signals into those usable by the
circuitry of the polar adapter and the call control unit.

347 Several types of input signals to this polar relay are

possible. These modes of operation may be se-
lected by appropriate strapping of the binding posts on the
TP181607 printed card assembly. The various modes of
operation are:

(a) Polar signals, battery supplied remotely. This is the
normal mode of operation, and all polar adapters
are supplied with strapping for this type of operation.

(b) Neutral signals, battery supplied by the polar
adapter. In this condition, posts no. 3 and 4, 5 and
7,and 12 and 13 are strapped together.

(c) Neutral signals, battery supplied remotely (battery
negative). In this condition, posts no. 5 and 12, 6
and 13, and 3 and 4 are strapped together.

(d) Neutral signals, battery supplied remotely (battery
positive). In this condition, posts no. 3 and 4, 12
and 13, and 5 and 6 are strapped together.

3.48 With the wiring as described in 3.47, a spacing

signal will cause the tongue (4) of the polar relay
to rest on the space contact (7). With a marking signal, the
tongue will rest on the mark contact (1). The tongue (4) of
the polar relay is supplied with +120 volts through R34. It
supplies this voltage to the selected contact, while the other
contact has no potential applied. Both contacts have two
outputs. One of these is a voltage or direct output, while the
other is current output. The current output is through a
diode and a resistor and will supply approximately 0.010
ampere to ground. The diode prevents reversed currents from
flowing when the contact is not supplied with +120 volts
from the tongue. The output diodes and resistors are CR11,
CR12,R30, and R31.

3.49 The bias for this relay, when used in neutral

operation, is 0.030 ampere and is supplied through
R37 and strapped terminals no. 3 and 4. Operating current
for neutral operation, when supplied locally, is supplied from
-120 volts and is limited to 0.060 ampere by R46 and the
signal line resistance.
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C. Sending Polar Relay

3.50 This polar relay converts the neutral make-break
signal generated by the distributor and the dial into

those required on the sending leg. There are a variety of

possible signal types that can be transmitted. These are:

(a) Polar signals, battery supplied by the polar adapter.

This is the normal mode of operation and all polar
adapters are supplied with strapping for this type of
operation,

(b) Neutral signals, battery supplied by the polar

adapter. In this condition, posts no. 10 and 11 are
strapped together, and the straps between posts no. 8
and 9, 14 and 15, and 16 and 17 are cut.

(c) Neutral signals, battery supplied remotely. In this

condition posts no. 6 and 10 are strapped together,
and straps between posts no. 8 and 9, 10 and 11, 14 and
15, and 16 and 17 are cut.

(d) Since both the drive and bias windings are wired in

series, both windings are supplied with the same
amount of current. The input current of 0.021 ampere
to the drive windings is supplied through R40 from
+120 volts. The 0.021 ampere to the bias is supplied
through R39 from +120 volts.

D. Connect Control Timer

3.51 This circuit consists of four basic parts on the
TP181606 assembly. These are: a strobe pulse
generator, two timing transmission gates, and binary.

3.52 The strobe pulse generator generates a 120 Hz

square wave. This square wave and the outputs
from the receiving polar relay are used as inputs to the two
timing transmission gates. The outputs of these two gates are
used to control the binary. The output of the binary, in turn,
is used to control the connect circuit in the call control unit.

3.53 The strobe pulse generator is made up of Q1 and

Q2 and associated components. It is controlled and
caused to oscillate by alternating current from the power
transformer of the call control unit. This 12.5-volt ac (18-volt
peak) sine wave is rectified by CR1 and CR2 to form a
negative 120 Hz wave. The base of Q1 is biased by R2 and
R3 such that -3.9 volts is necessary at the junction of CR1
and CR2 to turn on Q1. When base current does flow to Q1,
it will turn on, and its collector will become nearly ground.
R4 and R5 form a voltage divider which back-biases the base
of Q2 and holds it off. The voltage at the collector of Q2 will
be set by a voltage divider made up of R8 and R9. This
voltage is -9.1 volts. Feedback, through R6 from the collector
of Q2 to the base of Q1, will help provide snap-action.
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3.54 When the 120 Hz sine wave becomes more positive

than -3.9 volts, base current to Q1 will cease to
flow. The collector of Q1 will now have a potential of -5.7
volts. Current will now flow through R5 to the base of Q2
and cause the transistor to turn on. The collector of Q2 will
now be very close to a neutral potential. This circuit will
continue to oscillate as long as power is applied to the
control unit transformer.

3.55 Two, 1-percent tolerance resistors (R8 and R9) in

the collector of Q2, set the voltage at that point at
-9.1 volts. This voltage level is important in controlling the
binary and setting the proper time delay intervals in the
timing gates. The square wave gencrated at the collector of
Q2 will be ground for approximately 0.0013 sccond and -9.1
volts for approximately 0.007 second.

3.56 When spacing signal is present on the recciving leg,

+120 volts is applied to contact no. 7 and no
voltage is applied to contact no. 1 of the recciving polar
relay. No voltage will appear across R28, and the voltage at
the junction of R28 and R26 is set by current flow through
CR10 and R26. This voltage will be approximately -60 volts.
CR8 will conduct and the voltage across C3 and at the anode
of CRS5 will be held at -60 volts. If Q4 is in conduction, its
base will be nearly ground, and CR5 will be back-biased by
60 volts.

3.57 The 9.1 volt strobe pulse introduced at C1 will

cause the voltage at the anode of CRS to rise to
-50.9 volts. The negative pulse, that follows in 0.0013 second
will lower it to -60 volts. The net result of these strobe pulses
upon the voltage on C3 is, therefore, zero, and CR5 is not
forward-biased at this time.

3.58 When a marking signal appears on the receiving leg,

a positive potential of 120 is applicd to one side of
R28 through the marking contacts of the receiving polar
relay. The voltage divider of R26 and R28 will have a +22
volt potential at its junction and reverse-bias CR8. This
action will isolate C3 from R26 and R28 and it will begin to
discharge through R20 from a -60 volt potential toward
ground. The anode voltage of CR5 will respond to the
discharging, reducing its reverse-bias condition. After
approximately 0.08 second the voltage on C3, and therefore
the anode of CRS5, will have risen to -9.1 volts. The next
strobe pulse to appear at C1 will cause CR5 to become
forward-biased, and part of the pulse will appear at the base
of Q4.

3.59 The gate just described is the connect timing gate

and produces a signal delay of approximately 0.08
second. The disconnect timing gate operates in a similar
manner. The input to R27 is from the spacing contact. When
mark appears on the receiving eg, R25 and CR9 hold the
voltage on C4 at -60 volts. When a spacing signal appears,
CR7 will be back-biased, and C4 will discharge through R19



from -60 volts toward ground. In approximately 1.3 seconds
the voltage across C4, and therefore at the anode of CR4, will
become more positive than -9.1 volts. The next strobe pulse
introduced across C2 will cause CR4 to be forward-biased,
and part of the strobe pulse will appear at the base of Q3.

3.60 C3 will recharge to -60 volts from -9.1 volts in

0.004 second. C4 will recharge in 0.01 second.
Both of these recharge times are less than one code element
length and can be considered instantaneous.

3.61 The outputs of the transmission gates control the

binary which is made up of Q3 and Q4 and
associated components. The operation of this binary is
similar to that of the binaries in the call control unit. The
control of the binary by the transmission gates is the same as
that of the 2.3-second timer controlling the local circuit in
the call control unit. A positive pulse at the base of Q4,
through CR5, will turn off Q4 and turn on Q3. The collector
of Q3 will then be near ground. Current will flow through
R35 and through ZD1 to the collector of Q3. The cathode of
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ZD1 will be +9.1 volts with respect to its anode, so that the
voltage at the cathode will be +9.1 volts. This point is the
output to the connect circuit of the call control unit.

3.62 A positive pulse at the base of Q3 through CR4

will turn off Q3 and turn on Q4. The collector of
Q3 will go negative. Current flow through CR6 and R23 will
hold this voltage to -18 volts. Current flow through R35 and
ZD1 will hold the voltage at the cathode of ZD1 to +9.1 volts
of -18 volts. The output will then be -8.9 volts. A negative
output (Q3 off) will hold the connect circuit of the call
control unit off, and a positive output (Q3 off) will hold the
connect circuit of the call control unit off, and a positive
output (Q3 on) will hold the connect circuit on.

E. Current Amplifier

3.63 This circuit is made up of Q5 and associated

components on the TP181606 assembly. Base
current to this amplifier is supplied through CR12 and R31
from the marking contact of the receiving polar relay.

INPUTS FROM ON-OFF,
"LOCAL" "STOP" "START" [ PROCEED-TO-DIAL,
PUSH- PUSH- PUSH- CONNECT, AND LOCAL
BUTTON BUTTON BUTTON
P 2 /2 ] 11 .
Q | SENDING
] ] LOOP |
CONTROL
N PROCEED-TO-DIAL CIRCUIT
E
QO 1-={oFF! on
2.3-SEC £ '
TIMER S !
DISTRIBUTOR
MOTOR p
DELAY o € SELECTOR
TIMER R p MAGNET
AND S DRIVER
RELAY
‘ I I I IR
MOTOR
SENDING
AMP S
CONNECT ' CONNECT Va
CIRCUIT CONTROL h |
L] on TIMERI conNECT MARK
A 0.08 SEC REC |RECEIVING
""""""" RELAY LEG
Lom ¢ - —{ OFF | DISCONN SPACE
o ' o : 1. 3SEC
OFF| ON |
R ! D !——JH——I
[
LOCAL CIRCUIT +

Figure 10 - Polar Adapter Circuit
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3.64 If ground is applied to the emitter of Q5 through

CR3 or by strapping binding posts no. 1 and 2, the
base is reverse-biased by the voltage divider made up of R13
and R14. If base current is now supplied, the transistor will
turn on, With the collector load as shown in Figure 12, 0.060
ampere of collector current will flow.

3.65 If the ground to the emitter of Q5 through CR3 is

switched to +120 volts, CR3 will become back-
biased. The emitter is biased to near +18 volts through R12.
Since both the emitter and collector are biased to +18 volts,
no current will flow between them. Base current supplied to
the transistor will flow into both the collector and emitter.
The current in the collector will flow from the base, through
the collector, the selector magnet driver, and R23 to +18
volts. This current flow is in the reverse direction of the
normal control current for the selector magnet drive, and it

will be held spacing.

3.66 The amplifier will supply marking current only

when ground is applied to the emitter, and the base
current is supplied. If either of these conditions is not
fulfilled, the selector magnet driver will not be supplied input
current, and its output will be spacing.

3.67 ‘Strapping posts no. 1 and 2 will permanently apply
ground to the emitter and allow duplex operation
of the teletypewriter.

F. Circuit Interconnections

3.68 Figure 10 is a block diagram showing the polar
adapter connected to the call control unit. The call
control unit portion of the block diagram is the same as that
shown in Figure 7 with one exception. The line sensing and
control block of the call control unit is now called the
sending loop control. All of the components are identical in
these two blocks, but rewiring allows the block to control the
sending leg rather than the signal loop. This block also has
outputs to the current amplifier and the selector magnet
driver. The input to the current amplifier allows the teletype-
writer to read its own copy. The input directly to the
selector magnet driver is for teletypewriter blinding.

3.69 The receiving polar relay marking contact supplies

inputs to both the connect control timer and the
current amplifier. The input to the current amplifier allows
the teletypewriter to read incoming copy. The input to the
connect control timer allows the polar adapter to recognize a
connect signal. The spacing contact supplies inputs to both
the connect control timer and the proceed-to-dial circuit of
the call control unit. The input to the connect control timer
allows the polar adapter to recognize a disconnect signal. The
input to the proceed-to-dial circuit supplies current for
spacing signals and no current for mark. This allows this
circuit to operate in the normal manner.
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G. Idle Line Condition

3.70 In this condition both the sending and receiving

legs are spacing. All the circuits in the call control
unit are off. The spacing contact of the receiving polar relay
is +120 volts and allows C4 to be discharged. CR4 will then
allow strobe pulses to pass to the base of Q3 and hold it off.
The output of the connect control timer is then negative and
holds the connect circuit in the call control unit off.

3.71 Figure 11 is a schematic wiring diagram of the

sending loop control circuit with the current
amplifier and the sending polar relay. Blinding current to the
selector magnet driver flows from +18 volts through R23,
J5-2, the selector magnet driver, J4-3, and “hl” contact, the
“wl” contact, J4-9, and the distributor to ground. No current
flows in the drive coils of the sending polar relay, since
neither the start contact, the “a” contact, nor the “hl”
contact are operated to supply ground.

3.72 The marking contact of the receiving polar relay

has no voltage applied. No base current will then
flow from this contact to Q5. The emitter of Q5 is biased to
+18 volts through R12. The cathode of CR3 is at +120 volts
which is supplied through R39 and the sending relay coils,
and CR3 is back-biased.

H. Initiating a Call

373 A call may be initiated when the call control unit is

in either the idle line or local conditions as
described earlier. Depressing the START pushbutton will
allow current to flow through the drive coils of the sending
polar relay. This sending polar relay will then transmit a
marking signal on the sending leg. The current path through
the coils is shown by the dotted line in Figure 11.

3.74 Operating the START pushbutton will also remove

ground from the collector of Q1 in the call control
unit. Current to the input of the proceed-to-dial circuit (base
of Q1) is supplied from the spacing contact of the receiving
polar relay. This is not shown in Figure 11. The proceed-
to-dial circuit will not operate until this current is inter-
rupted.

1.  Proceed-to-Dial

3.75 The exchange will recognize the marking signal

transmitted as a request to dial. When the exchange
has selected the proper equipment, it will transmit a 0.025
second marking signal on the receiving leg. The receiving
polar relay will respond to this signal by interrupting the
current flow to the input of the proceed-to-dial circuit. This
circuit will then turn on, and energize the (K1) relay and the
proceed-to-dial lamp. The “a” contact will operate and shunt
out the START pushbutton contact. The START pushbutton
may now be released.
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Figure 11 - Sending Loop Control Circuit With Sending Polar Relay
3.76 When the receiving polar relay responds to the K. Call Connection

0.025 second pulse, C3 in the connect control
timer will start to discharge. After 0.025 second the receiving
leg returns to spacing and causes C3 to be recharged to -60
volts. In the 0.025 second interval, the voltage across C3 will
not rise to -9.1 volts, and no strobe pulse will be passed by
CRS5. The connect control timer, therefore, will not respond
to a proceed-to-dial pulse.

J. Dialing

3.77 The dial signaling contacts are in series with the
drive coils of the sending polar relay as shown in
Figure 11. The dial contacts will thus energize and de-
energize this relay whenever current is flowing through them,
The make-break signal generated by the dial contacts will be
transmitted as mark-space signals by the sending polar relay.
These mark-space signals are used by the exchange to make
the necessary connection.

3.78 With the call control unit in the proceed-to-dial
condition, the sending leg is marking, and the
receiving leg is spacing. When dialing is completed, the
exchange will switch the receiving leg to marking. This signal
causes the tongue of the receiving polar relay to transfer and
apply +120 volts to R28. CR8 will become reverse-biased,
and C3 will begin to discharge toward ground. After 0.080
second, the voltage across C3 will be approximately -9.1
volts. The next strobe pulse to appear will pass through CR5
to the base of Q4. The output of the connect control timer
will then become positive and cause the connect circuit to
turn on. As described earlier, the proceed-to-dial circuit will
turn off, As the connect circuit turns on, the (K2) relay will
operate, the “hl” contacts will transfer, the CONN lamp will
light, and the motor will turn on,

3.79 Current flow to the drive coils of the sending polar
relay is now through R40, the drive coils, the dial
contacts, CR2, the stop contacts, K1, K2, and the keyboard

Page 29



SECTION 574-160-103TC

contacts to ground as shown in Figure 12. Base current to Q5
is now supplied from the marking contact of the receiving
polar relay through CR12 and R31. Input current to the
selector magnet driver will flow from +18 volts through R23,
the selector magnet driver, Q5, CR3, CR2, the stop contacts,
K1, K2, and the distributor contacts to ground.

3.80 Both the current paths for the drive coils of the
sending polar relay and the selector magnet driver
are through the distributor contacts. If the distributor is
operated, the signal will be transmitted on the sending leg
and cause the selector magnet of the teletypewriter to
operate. When information is received from the distant
station, the receiving polar relay will operate and make or
break base current to Q5. This will cause Q5 to make or
break current flow to the selector magnet driver without
affecting the sending circuit.

3.81 The longest possible normal spacing signal gen-
erated by the distant teletypewriter will be less
than 1.3 seconds. This is the length of spacing signal required

to cause the connect control timer to disconnect. Therefore,
under normal signaling, the connect control timer will not be
affected by information signals.

L. Remote Connection
3.82 The call control unit may be connected remotely
from either the idle line or local condition. An
incoming call is indicated by the exchange by its transmission
of a marking signal on the receiving leg. The connect control
timer after 0.080 second, will turn on the connect circuit in
the control unit. A current path to ground is set up through
the drive coils of the sending polar relay. It will then transmit
a marking signal on the sending leg to signify that the unit
has connected. The remainder of the operations are the same
as described in 3.78 through 3.81.

3.83 If the paper in the teletypewriter has become low
and the low-paper contacts operate, the voltage
across C3 will be held at -60 volts through R29. This will stop
any connections from occurring. If the call control unit is
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N O ——-y '
¢ \ |
o i | .
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'I N '
e =, " ; a ‘ K3
] : 3 1 -
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START STOP ¢ 1_priver o DIAL
{ ]
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Figure 12 - Receiving Loop Control Circuit With Receiving Polar Relay
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alrcady in the connect condition, when the low-paper
contacts close the call may be completed, but subsequent
connections will be blocked.

3.84 If a call is originated locally with a low-paper

condition, the normal sequence of events will
occur until the connection is attempted. When the exchange
does not receive a marking signal on the sending leg, it will
turn the receiving leg to spacing (idle line condition).

M. Call Disconnect

3.85 If the STOP pushbutton is depressed while the

teletypewriter is in the connect condition, the stop
contacts in series with the drive coils of the sending polar
relay will open. The relay output will then be spacing. The
exchange will recognize this long spacing signal as a request
to disconnect and will send a spacing signal on the receiving
leg. The receiving polar relay contacts will transfer and allow
C4 to discharge toward ground. After 1.3 seconds, the
voltage across C4 will be -9.1 volts, and the next strobe pulse
will pass through CR4 to the base of Q3. The output of the
timer will become negative and turn off the connect circuit in
the call control unit. Current to the drive coil of the sending
polar relay will be held off so that the STOP pushbutton may
be released. The K2 contacts will now also supply blinding
current to the selector magnet driver. The control unit is now
in the idle line condition.

N. Remote Disconnect

3.86 When the remote unit generates the spacing signal

to disconnect, the receiving polar relay will allow
C4 to discharge and after 1.3 seconds the timer will turn off
the connect circuit. The K2 contacts will transfer, stopping
current flow to the drive coils of the sending polar relay and
blinding the selector magnet driver. The call control unit is
now in the idle line condition.

0. Local Off-Line Operation

3.87 This operation is identical to that of the call

control unit without polar adapter except for the
current path to the selector magnet driver. This path is shown
in Figure 11.

4. PRIVATE WIRE SERVICE
INTRODUCTION

4.01 Power for the motor, selector magnet driver, local

power supply, and tape reader power pack, when
provided, is supplied from fused 115-volt ac, 60 Hz power,
Direct current of either 0.020 or 0.060 ampere is required for
the signal line(s) and for operation in the local mode. Battery
for the signal line(s) is supplied by the customer’s facilities,
while local battery for operation in the local mode is
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furnished through the operation of the local power supply
circuit in the call control unit. At the rear of the call control
unit is a terminal strip which provides the point of entry for
the ac power and the signal line(s) into the teletypewriter.

4.02 The purpose of the selector magnet driver is to

amplify received dc marking and spacing intelli-
gence pulses. Received dc intelligence pulses are directed to
the input of the selector magnet driver circuit in the call
control unit where they are amplified and returned as 0.500
ampere dc intelligence pulses to operate the typing unit
selector, A detailed description of_the operation of a selector
magnet driver is given in 2.92 through 2.102. The selector
magnet driver described there is similar to the ones used in
private wire service.

A. Power Switch and Local Power Supply Circuits

4.03 The 3-position rotary switch (electronically shown

in Figure 13) is the only manual control on the call
control unit. Through its operation the teletypewriter can be
(1) placed in the external signal line loop for communication
with other teletypewriters, (2) removed from the external
signal line loop for local operation, or (3) placed in the off
condition.

B. Mode Chart

4,04 The following chart indicates the condition of the

rotary power switch contacts — either open or
closed — when the control knob is turned to one of its
positions:

KNOB LINE SEGMENT CONTACTS
POSITION ~ FROM  TO  CONDITION
LINE L1 2 Closed

L1 1 Closed

L2 2 Open
LOCAL L1 2 Closed

L1 1 Open

L2 2 Closed
OFF - - All Open
OFF MODE
A. Power Circuit
4.05 All power in the call control unit, except that

applied to the selector magnet driver is off.
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i Note: The schematic wiring diagram illustrates

Y a simplex 0.060 ampere neutral dc operation.

MOTOR

Figure 13 - Rotary Power Switch and Local Power Supply Circuit
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B. Signal Circuit

4.06 The signal line is diverted around the local tele-
typewriter so other teletypewriters in the external
signal line loop can communicate without interference.

LOCAL MODE
A. Power Circuit

4.07 The line relay is not energized and the local battery
is supplied to the selector magnet driver and the
send circuit,

B. Signal Circuit

4,08 The normally closed contacts A remain closed, and

the normally open contacts B remain open. The
external signal line loop is divorced from the selector magnet
driver, and shunted so that other teletypewriters in that loop
can communicate without being affected by the operation of
the local teletypewriter.

ISS 1, SECTION 574-160-103TC

LINE MODE
A. Power Circuit

4.09 The line relay is energized and the battery is on the
signal line.

B. Signal Circuit

4.10 The normally closed contacts A will open and the

normally open contacts B will close. The external
signal line loop is united with the selector magnet driver and
the local teletypewriter can now communicate any other
teletypewriters in that loop.

411 Any transmission from the keyboard or tape

reader, if provided, will cause the typing unit
distributor to send start-stop signals to other teletypewriters
in the external signal line loop. Also, the local teletypewriter
is able to receive the start-stop signals transmitted from other
teletypewriters in the same external line loop.
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