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SECTION 1 

DESCRIPTION 

1. INTRODUCTION 

This bulletin covers description, installation, 
operator's instructions, principles of operation, 
trouble-shooting, maintenance and parts for the 
Teletype Transistor Multiplex Set (Telegraph 
Terminal Set AN/UGC-1). References in the 
text to left or right indicate the viewer's left or 
right as he faces the front of the equipment. In 
all illustrations, unless they are labeled other­
wise, it is assumed that the equipment is being 
viewed from the front. 

2. PURPOSE 

The primary purpose of a multiplex system 
is to increase the message handling capacity of 
teletypewriter channels and the transmission 
equipment associated with them. This end is 
accomplished by the sin:ultaneous transmission 
of several messages over a common channel. 
The transmitting equipment of a time -division 
multiplex system accepts start-stop signals 
from a number of circuits, converts them to 
multiplex signals (in effect, compresses them in 
time) and transmits them over a common chan­
nel. *'The.receiving equipmentat a distant station 
accepts the multiplex signals, converts them to 
start -stop signals (in effect, expands them in 
time) and distributes them in the proper order 
to a corresponding number of circuits. The 
Transistor Multiplex Set provides terminal fa­
cil

.
ities for such a system. A schematic repre­

sentation of a typical multiplex send-receive 
station is shown in Figure 1-1. The frequency­
shift transmitter, the keyer, the radio receiver, 
the demodulator, the patch panels and the start­
stop transmitting and receiving equipment are 

·not furnished with the Set. 

3. FUNCTIONAL DESCRIPTION 

3.a. GENERAL 

3 .a. (1) The Set consists of a Transmitting 
Group, a Receiving Group and a Power Supply 
Group (Figure 1-2). The Transmitting Group 
accepts neutral, start-stop signals from two, 
three or four separate circuits and assembles 

* Time division, start-stop signals and 
multiplex signals are explained in Sec­
tion 4. 
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them in sequential order for multiplex trans­
mission over a single circuit. The Receiving 
Group accepts multiplex signals from a distant 
source, converts them to start-stop form and 
distributes them to two, three or four separate 
circuits. The Power Supply Group provides the 
necessary voltages and a frequency standard for 
the Transmitting and Receiving Groups. 

3.a.(2) The Set is made up of the following 
major units (Figure 1-2): 

Transmitting Group (OA-1054/UGC-1) 

(1) Transmitting Cabinet-TMAC200 
( /UGC-1) 

(4) Transmitting Code Converter -
TMCX201 (CV -408/UGC -1) 

(1) Multiplexer-Demultiplexer - TMD201 
(TD-134/UGC -1) 

(1) Output Amplifier - TMXU201 
( /UGC-1) 

(1) Neon Indicator - TMN200 
( /UGC-1) 

Receiving Group (OA-1053/UGC-1) 

(1) Receiving Cabinet - TMAC201 
( CY -2686/ UGC -1) 

(1) Synchronizer-Amplifier - TMS201 
( /UGC-1) 

(1) Multiplexer -Demultiplexer - TMD201 
(TD 134/UGC -1) 

(4) Receiving Code Converter - TMCR201 
(CV -407 /UGC -1) 

Power Supply Group ( /UGC-1) 

(1) Power Supply Cabinet - TMAC202 
( /UGC-1) 

(1) Power-Oscillator - TMPU201 
(0-647 /UGC-1) 

3 .a. (3) Transistors and other solid -state 
devices are employed in the design of the Set to 
achieve minimum size, weight and power con­
sumption. A primary a. c. power source of 115 
volts + 10 percent, single-phase, 50/60 cycles 
per second is required. The Set will operate 
with start-stop equipment running at speeds of 
60, 75 and 100 words per minute. Framing may 
be accomplished either semi -automatically or 
manually (see paragraph 2.a. of Section 4), and 
the Set may be operated on a local loop to effect 
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MULTIPLEXER - DEMULTIPLEXER 
(TD-134/UGC-1) 

OUTPUT AMPLIFIER 

POWER - OSCILLATOR 
(0-647/UGC-1) 

( /UGC-1) 

BASE -----li 

SYNCHRONIZER AMPLIFIER----I 

( /UGC-1) 

MULTIPLEXER - DEMULTIPLEXER----....J 

(134/UGC-D) 

TRANSMITTING CODE CONVERTERS 
(CV-408/UGC-1) 

TRANSMITTING 
GROUP 
(OA-1054/UGC-1) 

POWER SUPPLY 
GROUP 

RECEIVING 
GROUP 
(OA-1053/UGC-1) 

ECEIVING CODE CONVERTERS 
(CV-407/UGC-1) 

Figure 1 -2. Transistor Multiplex Set ( A N / U G C - 1 )  
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circuit line up. Various meters and a portable 
neon indicator are provided for test and adjust­
ment purposes. Test jacks on the various major 
units provide for monitoring the circuit wave 
forms by an oscilloscope (not furnished). The 
equipment is drip-proof and will operate in an 
ambient temperature range of 0 to 50 degrees C. 
The multiplex signals of this Set are completely 
compatible with those of the Teletype Electronic 
Multiplex Set at 60 and 75 wpm. 

3.b. HOUSING (Figures 1-1, 1-2 and 1-3) 

3.b.(1) The Set is housed in three cabinets, 
one each for the Transmitting, Receiving and 
Power Supply Groups. Each cabinet may be rack 
or floor mounted, or they may be stacked one 
on top of the other in any desired order (Figure 
1-2). A floor mounting base is provided. 

3.b.(2) Basic mounting facilities for the 
components of each major unit of the Transmit­
ting and Receiving Groups are provided by an 
aluminum frame and a front panel (Figure 1-4). 
Several etched circuit boards are mounted on a 
large etched wiring panel which is situated 
vertically in the frame. The boards are con­
nected to the panel by wire straps and conven­
tional soldered terminals. Thus the wiring pane 1 

serves as a chassis and local cable, and the 
boards may be rer'l.aced as complete components. 
The other components of the unit, such as 
switches, test points, variable resistors, capac­
itors, relays, etc., are located at the front and 
are connected to the wiring panel by straps and 
cabling. All circuits of the wiring panel lead 
into AN -type connectors at the rear of the frame. 
The twelve units, referred to as drawers, slide 
into vertical slots in their respective cabinets 
(Figure 1-2). The AN-type connectors are 
linked to connectors on the rear plate of the 
cabinet by flexible cables which permit the 
drawers to be withdrawn for servicing while 
the Set is in operation. All components are 
visible and readily accessible when the draw­
ers are withdrawn. 

3.b.(3) The power oscillator is housed in a 
separate cabinet (Figure 1-2) and can be with­
drawn for servicing (see paragraph 3.e.). 

3.b.(4) External connections to the group 
cabinets are made by AN -type connectors lo­
cated on the rear plates (Figure 1-3). An input­
output connector (without cable) on the Trans­
mitting Group provides for the input start-stop 
signals and the output multiplex signals. A 

similar connector on the Receiving Group pro­
vides for the input multiplex signals and the 
output start-stop signals. If desired, the above 
connections can be made by terminal boards 
located under small covers on the rear plate. 
Connectors (drip proof) on the Transmitting and 
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Receiving Groups provide for interconnection 
with auxiliary equipment (not furnished). The 
Transmitting and Receiving Groups are linked 
to the Power Supply Group by interconnecting 
cables and connectors. A connector, cable and 
plug connect the power supply group with the 
primary a.c. power source. A coaxial cable con­
nector {drip proof cap) is used when an external 
frequency standard is employed in place of the 
crystal oscillator. 

3.c. TRANSMITTING GROUP (OA-1054/ 
UGC-1) 

3.c.(1) T r a n s m i t t i ng C o d e  Converter 
(CV408/UGC-1) (Figure 1-4) - Accepts conven­
tional start-stop signals and converts them to 
multi wire signals. The incoming signals control 
a mercury relay which electrically isolates the 
converter circuits from the signal line. The 
outputs of the unit are six-wire parallel signals 
applied to the multiplexer -demultiplexer unit. 
The Transmitting Group may employ two, three 
or four converters depending on the number of 
start-stop channels that are being handled. The 
converter includes the following: 

(a) A range adjustment (variable resistor) 
for adjusting the unit in relation to the 
incoming start -stop signals. 

(b) A speed selector switch for selecting 
60, 75, or 100 wpm operation. 

(c) A fine frequency adjustment (variable 
inductance adjusted by means of hex 
wrench). 

(d) An ammeter which indicates line cur­
rent. 

(e) A line current adjustment (variable 
resistor). 

(f) Feed-back and clamp-time adjustments 
of start -stop oscillating circuits (var­
iable resistors). 

(g) An input monitoring jack for connecting 
teletypewriter receiving equipment. 

(h) Octal receptacle for connecting neon 
indicator (see paragraph 3 .c. (4) of this 
section). 

3.c. (2) Multiplexer-Demultiplexer (TD134/ 
UGC-1) (Figure 1-5) - Under the control of the 
crystal oscillator in the power -oscillator, this 
unit plays the dual role of a multiplexing device 
in the Transmitting Group and a demultiplexing 
device in the Receiving Group. In the Transmit­
ting Group it accepts multi wire signals from the 
code converters and combines them into multi­
plex signals which it applies to the output ampli­
fier. In addition, it supplies signals for control 
of auxiliary equipment. It includes the fol­
lowing: 
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(a) A channel switch for selecting either 
two-, three- or four-channel operation. 

(b) A cycle meter for checking the opera­
tion of the distributor channel circuits. 

(c) An auxiliary-normal switch for regu­
lating sampling signals. 

(d) An inverted -normal switch for select­
ing proper multiplex signals. 

(e) A speed selector switch for selecting 
60, 75 or 100 wpm operation. 

3.c.(3) Output Amplifier ( IUGC-1) 
(Figure 1-6) - Accepts multiplex signals from 
the multiplexer -demultiplexer and amplifies 
them to the voltage levels suitable for use by 
local or remote signal ·circuits. The output 
signals are produced by an electronic relay 
which isolates the unit from the signal line. The 
amplifier will produce a steady mark, a steady 
space or a.c. reversals for test and alignment 
purposes. It will furnish signals at the proper 
voltage levels to auxiliary equipment, and it will 
accept signals from the auxiliary equipment. 
Space is provided for storing the neon indicator. 
The unit includes the following: 

(a) A test switch for selecting the signals 
used for test and alignment purposes. 

(b) An ammeter which indicates line cur­
rent. 

(c) A line current adjustment (variable re­
sistor). 

(d) A switch for selecting either local or 
remote output signal line. 

3.c.(4) Neon Indicator ( /UGC-1) 
(Figure 1-6) - Provides a visual indication of 
the operation of the transmitting and receiving 
code converters. Seven neon lamps are located 
on the front of the unit. Six of these, each of 
which is driven by one level at the multiwire 
signals of the code converter, indicates the con­
dition of the storage circuits; the other lamp is 
an a.c. power indicator. The unit is self-con­
tained and portable, and may be stored in the 
output amplifier drawer. It is connected to the 
converter to be tested by a flexible cable and 
octal-plug arrangement. A plug and cable are 
provided for connecting the unit to a conventional 
115-volt, 50160- cycle power supply. 

3.d. RECEIVING GROUP (OA-1053IUGC-1) 

3.d.(1) Synchronizer-Amplifier ( I 
UGC-1) (Figure 1-7) - Accepts multiplex signals 
from a local or remote line, amplifies them and 
furnishes both inverted and normal versions to 
the multiplexer -demultiplexer. The input signals 
key an electronic line relay which isolates the 
unit from the signal line. In addition, the syn-
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chronizer maintains the correct phase relation­
ship between the incoming multiplex signals and 
the local frequency standard by adding to or sub­
tracting from .drive pulses derived from the os­
cillator. It also furnishes special signals used 
by auxiliary equipment. The unit includes: 

(a) A switch for selecting either a remote 
or local input signal line. 

(b) An ammeter which indicates the line 
current. 

(c) A line-current adjustment (variable 
resistor). 

(d) An adjustment of the slicing level of the 
line relay (variable resistor) (see para­
graph 8.b. of Section 4). 

(e) A voltmeter which indicates the phase 
relationship between the incoming mul­
tiplex signal and the local crystal­
oscillator binary. 

(f) Phase-relationship adjustments (two 
variable resistors). 

(g) Drive-pulse adjustments for controlling 
the adding• or subtracting of drive pulses 
(two variable resistors). 

(h) An automatic -manual switch and a 
framing switch used in synchronizing 
the transmitting and receiving equip­
ment (see paragraph 2.e. of Section 4). 

3.d.(2) Multiplexer-Demultiplexer (TD134I 
UGC-1) (Figure 1-5) - Accepts synchronous 
multiplex signals from synchronizer amplifier 
and furnishes multi wire signals to the receiving 
converters. This unit is identical to the one 
used in the Transmitting Group (see paragraph 
3.c.(2) of this section). 

3.d.(3) Receiving Code Converter (CV407 I 
UGC-1) (Figure 1-8) - Accepts multiwire sig­
nals from the multiplexer-demultiplexer and 
converts them to start-stop signals suitable for 
operation of start-stop receiving equipment. 
A circuit of the unit detects bona fide charac­
ters as opposed to multiplex idle signals. The 
output start-stop signals are produced by a 
mechanical relay which electrically isolates 
the signal line from the converter circuits. 
Battery for the output signals must be provided 
by an external source. Two, three or four con­
verters may be used by the Receiving Group de­
pending on how many start -stop channels are 
being handled. The unit includes the following: 

(a) A speed-selector switch for selecting 
60, 75 or 100 wpm operation. 

(b) A fine frequency adjustment (variable 
inductance adjusted by means of a hex. 
wrench). 
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REAR 
PLATE ------

TERMINAL 
BOARDS 
(UNDER COVER) 

COAXIAL­
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A.C. INPUT 
CONNECTOR ----., 

AUXILIARY 
CONNECTOR -----1 

TERMINAL 
BOARDS 
(UNDER 
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Figure 1-3. 
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AUXILIARY 
CONNECTOR 

A.C. INPUT 
CABLE AND PLUG 

INPUT -OUTPUT 
CONNECTOR 

---TRANSMITTING 
GROUP 

---POWER-SUPPLY 
GROUP 

INTER-CONNECTING 
CABLES AND 
CONNECTORS 

.----- RECEIVING 
GROUP 

.--- INPUT -OUTPUT 
CONNECTOR 

(REAR VIEW) 

Transistor Multiplex Set ( A N/U G C-1) 
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(c) An ammeter which indicates the line 
current. 

(d) A line-current adjustment (variable 
resistor). 

(e) Clamp and feed-back adjustments (var­
iable resistors). 

(f) An octal receptacle for connecting the 
neon indicator (see paragraph 3.c.(4) 
of this section). 

(g) Output monitoring jack for connecting 
teletypewriter receiving equipment. 

3.e. POWER SUPPLY GROUP ( 
UGC-1) 

3.e.(1) Power-Oscillator (0-647 /UGC-1) 
(Figure 1-9) - Provides d.c. and a.c. voltages 
and accurately-timed frequency drive pulses 
for the Transmitting and Receiving Groups. The 
unit is housed in a separate cabinet and may be 
withdrawn while in operation for servicing. It 

operates from a single-phase, a.c. primary 
power source of 115 volts at a frequency of 50/ 
60 cycles. Mounting facilities are provided by 
an aluminum chassis, a front panel and a control­
mounting bracket. .Filter reactors, capacitors, 
connectors, binary-counter circuit boards and a 
power transformer are located on the chassis. 
The d.c. potentials furnished by the unit may be 
monitored by means of a voltmeter and a se­
lector switch. Variable resistors on the control­
mounting bracket behind the front panel provide 
individual adjustments for certain of these d.c. 
voltages. An on-off switch and pilot light are 
furnished for the a. c. power input. The a. c. 
voltage applied to the input to the various recti­
fiers can be varied by means of a tap switch. 
The d.c. voltmeter (with its selector switch in 
the "Red Line" position) is used to select the tap 
that will provide the 12V. d.c. reference voltage. 
The tap switch can be used to check the opera­
ting margins of the complete set. The start-stop 
oscillators of the code converters may be cali­
brated by means of a vibrating-reed frequency 
meter. A jack for connecting the meter by means 
of a test lead to the respective code converter 
is provided. Fuses and convenience outlets with 
moisture seal caps are located on the front panel. 
Blown fuse indicators are furnished in each leg 
of the power line. 

3.e.(2) A Crystal Oscillator provides ac­
curately-timed drive pulses from which various 
clock pulses used in multiplexing are derived. 
A transistorized crystal controlled oscillator is 
packaged in a hermetically sealed oven which is 
maintained at a constant temperature by its 
heater and thermostat. The complete package 
is plugged into an octal socket on the chassis. 
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Two oscillators are furnished, one for 60 and 75 
word-per-minute operation and one for 100 word­
per-minute operation. The one not in use is 
plugged into a reserve socket. The frequency 
of the oscillator may be finely adjusted by a 
variable capacitor on the chassis. A lamp is 
provided to indicate when the oven is on. An 
external frequency standard, which may be used 
in place of the crystal oscillator, is applied to 
the Set through a coaxial connector located on 
the rear panel of the power supply cabinet (Fig­
ure 1-3). 

4. REFERENCE DATA 

4.a. PRIMARY POWER SOURCE -
See Table 1. 

4. b. TEMPERATURE 

0 
. 

4.b.(1) Operating Range: 0 to 50u C. 

0 0 4.b.(2) Storage Range: -40 to 65 C. 

4.c. FREQUENCY CONTROL - By tempera­
ture-controlled crystal oscillators or external 
frequency standard. See paragraphs 4.e.(6) and 
(7) below. 

4.d. SIGNALS 

4.d.(1) Input Start-Stop Signals (Trans­
mitting Group) - Neutral start-stop signals of 
0.020 or 0.060 ampere d.c.; external battery 
required. For description of start-stop signals, 
see paragraph 3.a. of Section 4. 

4.d.(2) Multiplex Output Signals (Trans­
mitting Group) - Two outputs supplied, either 
or both of which may be used by external equip­
ment independent of the other: (a) Current­
keyed neutral d.c. signals of 0.020 or 0.060 am­
pere for remote transmission line; external 
battery of 130 volts (not exceeding 150 volts} 
required; fine current adjustment by variable 
resistor. (Signals for local line are also avail­
able --- see paragraph 4.e.(3)(b) below.) (b) 
Voltage-keyed d.c. signals with battery inter­
nally provided; voltage continuously variable up 
to+ 50 volts; negative terminal grounded. Signals 
compatible in all respects with signals of Tele­
type Electronic Multiplex Set at speeds of 60 
and 75 wpm. For multiplex signalling speeds, 
see Table 2. For description of multiplex sig­
nals, see paragraph 3.b. of Section 4. 

4.d.(3) Multiplex Input Signals (Receiving 
Group) -Keyed, neutral signals of 0. 020 or 0. 060 
ampere d. c.; external battery required; means 
for isolating signal from chassis ground pro­
vided. For speeds and compatibility of signals, 
see paragraph 4. e. (4)(a) below. 
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_....... __ AN -TYPE 
CONNECTORS 

--- FRAME 

Figure 1-4. Transmitting Code Converter (C V -408/U G C -1) 
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CHANNEL 
SWITCH ---.j 

Figure 1-5. Multiplexer - Demultiplexer (T D -134/UGC-1) 
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4.d.(4) Output Start-Stop Signals (Receiving 
Group) -Keyed, neutral signals of 0. 020 or 0. 060 
ampere d.c.; external battery required; quality 
suitable for use with standard Teletype start­
stop equipment; less than 2% distortion of sig­
nals for all specified conditions of temperature 
and voltage. 

4.d.(5) Transmitting Group Auxiliary Out­
put Signals 

4.d. ( 5)(a) Signal consisting of positive 
going pulses having amplitudes of 37 volts origi­
nating in an impedance of 10, 000 ohms: time du­
ration of each pulse not less than 15D microsec­
onds; available at pin D of awdliary connector 
{see Figure 1-3}. Repetition rates: 60 wpm- 450 
pulses per second; 75 wpm - 562.5 pulses per 
second; 100 wpm - 733.69 pulses per second. 

4.d.(5)(b) Signal corresponding to normal 
multiplex signal but inverted : amplitudes of 0 
volt for mark and +50 volts for space; developed 
across 220,000 ohms; available at pin E of aux­
iliary connector (Figure 1-3). 

4.d.(5)(c) Signal consisting of negative­
going pulse with amplitude of 24 volts across 1 
megohm: time duration of each pulse greater 
than seven microseconds; repetition rate equal 
to baud of multiplex signal; pulses occur within 
30 microseconds of start of each code element 
of signal specified in paragraph 4. d. {5){b) above; 
available at pin A of auxiliary connector (Figure 
1-3). 

4.d.(5)(d) Signal consisting of positive 
pulse with amplitude of 37 volts originating in 
an impedance of less than 10, 000 ohms; time du­
ration of pulse greater than 150 microseconds; 
pulse occurs within 30 microseconds after start 
of first code element in channel B appearing in 
inverted multiplex output signal; available at 
pin B of auxiliary connector (Figure 1-3). 

4.d.(6) Receiving Group Auxiliary Output 
Signals 

4.d.(6)(a) Signal identical to one speci­
fied in paragraph 4.d.(5)(a) above: available at 
pin B of auxiliary connector (Figure 1-3). 

4.d.(6)(b) Signal identical to one speci­
fied in paragraph 4.d.(5)(b) above: available at 
pin F of auxiliary connector (Figure 1-3). 

4.d.(6)(c) Signal consisting of a positive 
pulse having an amplitude between +32. 5 and 
+42 volts originating in an impedance not ex­
ceeding 10,000 ohms; time duration of pulse 
150 microseconds or greater; rise time of pulse 
one millisecond or less; pulse occurs within 
first half of sixth code element of channel A 
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appearing in inverted multiplex input signal re­
ferred to in paragraph 4.d.(8) and occurs only 
when sixth code element of channel A in multi­
plex signal being received is marking; available 
at pin J of auxiliary connector (Figure 1-3). 

4.d. (6)(d) Signal consisting of negative 
going pulses with amplitudes of not less than 15 
volts originating in an impedance not greater 
than 10,000 ohms; time duration of each pulse 
less than 5% of width of multiplex code element; 
pulses occur coincidently with nominal center 
of code elements of inverted multiplex output 
signal specified in paragraph 4.d. ( 4)(b); avail­
able at pin G of auxiliary connector (Figure 1-3). 

4.d.(7) Transmitting Group Auxiliary Input 
Signals - Transmitting Group provides d.c. -
coupled input circuit capable of accepting in­
verted multiplex signal from auxiliary equip­
ment; signal shall have amplitudes of 0(±2) volts 
for mark and +55 (+20, -10) for space; input im­
pedance of circuit is 50,000 ohms; signal ac­
cepted at pin F of auxiliary connector (Figure 
1-3). 

4.d.(8) Receiving Group Auxiliary Input Sig­
nals - Receiving Group provides d.c. - coupled 
circuit capable of accepting an inverted multi­
plex signal from auxiliary equipment; signal 
shall have amplitudes of 0 (:-2) volt for mark and 
+90 (+20, -10) volts for space, and shall be de­
layed 1/2 of a code element from signal speci­
fied in paragraph 4.d.(4)(b); input impedance of 
circuit is 50,000 ohms; signal accepted at pin E 
of auxiliary connector (Figure 1-3). 

4.e. CAPABILITIES OF MAJOR UNITS 

4.e.(1) Transmitting Code Converter (CV-
408/UGC-1) 

4.e.(1)(a) Input: Start-stop signals speci­
fied in paragraph 4.d. (1) above; current accom­
modations fixed for either 0.020 or 0.060 am­
pere, but wire strapping provides for changing 
from one to the other; fine adjustment of current 
by variable resistor; signal distortion up to 45% 
acceptable under all conditions of voltage and 
temperature. 

4.e. (1)(b) Output: Multi wire signal pulses 
of 6 (0 to -6) volts d.c. supplied on a six-wire 
basis to multiplexer-demultiplexer; initiated 
and controlled by pulses originating in multi­
plexer-demultiplexer; obtainable from either 
"(1)" or "(0)" sections of storage flip-flops. 

4.e.(2) Multiplexer-Demultiplexer (TD-
134/UGC-1) 

4.e.(2)(a) Multiplexer Operation - (1) 
Input: ..{!2 Multiwire signal pulses of 6 (0 to -6) 
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Figure 1 -8. Receiving Code Converter (CV-407/U G C - 1) 
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volts d.c. supplied on a six-wire basis by trans­
mitting code converter. ill Multiplex cycling 
rate controlled by -6-volt pulses from crystal 
oscillator; frequencies shown in paragraph 4.e. 
(6)(b) below. (2) Output: �Five volt (-1 to -6 
volts) synchronous multiplex signals supplied to 
output amplifier. lli) Synchronous (clock) pulses 
at channel distribution rate supplied for each 
channel to transmitting code converters for con­
trol purposes. 1£2 Synchronous pulses at multi­
plex drive frequency rate supplied to output am­
plifier for a.c. test pattern. 

4.e.(2)(b) Demultiplexer Operation - (1) 
Input: _.W Synchronous multiplex signals of 6 (0 
to -6) volts d.c. from synchronizer-amplifier. 
.(!ll Provision included for stepping multiplex 
signal distributor in response to framing pulse 
from synchronizer-amplifier. (2) Output: (a) 
Multiwire signal pulses of 6 (0 to -6) volts d:C: 
supplied on a six-wire basis to each receiving 
code converter. ill Sampling pulses with am­
plitudes of +6 volts supplied to synchronizer­
amplifier to sample normal and inverted multi­
plex signal pulses respectively; occur in ap­
proximate center of each multiplex pulse and do 
not exceed by more than 5% time duration of 
multiplex pulse. 1s2 Synchronous (clock) pulses 
at channel distribution rate supplied for each 
channel to receiving code converters for control 
purposes. 

4.e.(2)(c) Special Outputs -Certain out­
puts supplied for control purposes at sufficient 
voltage and power levels to operate auxiliary 
equipment: (1) Synchronous pulses at frequency 
dependent upon operating speed of code convert­
ers; 60 wpm - 450 cps, 75 wpm - 562.5 cps, 100 
wpm - 733.69 cps. (2) Signal distributor (divider 
5) drive frequency. (3) Channel B distributor 
element. (4) Output from channel A, number 6 
element, matrix star. 

4.e.(3) Output Amplifier ( /UGC-1) 

4.e.(3)(a) Input - (1) Five volt (-1 to -6 
volts) d.c. synchronous multiplex signals from 
multiplexer-demultiplexer. (2) Will accept either 
an inverted multiplex signal from auxiliary 
equipment or, by proper strapping of Set, will 
accept inverted multiplex signal made available 
for use by auxiliary equipment. (3) Will accept 
positive pulses at multiplex signal baud rate. 

4.e.(3)(b) Output - (1) Signals described 
in paragraph 4.d.(2) above. (2) Keyed, synchro­
nous multiplex signals of 0. 060 ampere for local 
transmission line; battery supplied internally; 
controlled by remote-local switch. (3) Steady 
marking, steady spacing or a. c. reversals which 
key local or remote transmission line. 

ORIGINAL 
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4.e.(3)(c) Special Inputs and Outputs -
(1) Accepts auxiliary clock pulses from multi­
plexer -demultiplexer varying in amplitude from 
+1 to -6 volts and having the following frequen­
cies: 60 wpm - 450 cps, 75 wpm - 562.5 cps, 
100 wpm - 733.69 cps; amplifies auxiliary clock 
pulses to approximately +37 volts and provides 
them for use by auxiliary equipment. (2) Ac­
cepts positive pulses at multiplex signal baud 
rate; amplifies, inverts and provides them for 
use by auxiliary equipment. (3) Accepts channel 
B clock pulses varying in amplitude from +1 to 
-6 volts from multiplexer-demultiplexer; am­
plifies, inverts and provides for use by auxiliary 
equipment. 

4.e.(4) Synchronizer -Amplifier 
UGC-1) 

4.e.(4)(a) Input - Signals described in 
paragraph 4.d.(3) above; for remote operation, 
external battery of approximately 130 volts is 
required; for local operation, line battery is 
furnished by local output amplifier; operable 
when incoming current is down to 60% of normal 
value or when noise is up to 40% of line current; 
operable with signals biased up to 45% due to 
multipath or other phenomena. 

4.e.(4)(b) Output - Normal or inverted 
multiplex signals of 6 (0 to -6) volts d.c. sup­
plied to multiplexer-demultiplexer. 

4.e.(4)(c) Special Inputs and Outputs -
(1) Will furnish inverted multiplex signals to 
auxiliary equipment and will accept such a sig­
nal from auxiliary equipment; if auxiliary equip­
ment is not used, by means of adapter plug, this 
signal is returned directly to amplifier. (2) Will 
accept auxiliary clock pulses from multiplexer­
demultiplexer and amplify them for use by aux­
iliary equipment. ( 3) Will accept signal sampling 
pulses from multiplexer-demultiplexer and will 
shape, invert and furnish to auxiliary equipment. 
(4) Will accept output of sixth element for chan­
nel A in matrix of multiplexer-demultiplexer 
and amplify this signal for auxiliary equipment. 

4.e.(5) Receiving Code Converter (CV -407/ 
UGC-1) 

4.e.(5)(a) Input: Multiwire signals of 6 
(0 to -6) volts supplied on a six-wire basis by 
multiplexer-demultiplexer. 

4.e.(5)(b) Output: Signals described in 
paragraph 4.d.(4) above. 

4.e.(6) Power Oscillator 

4.e.(6)(a) Power Source - See Table 1. 
Two per cent taps on primary of input trans­
former compensate for variations in power 
source. 

1-11 
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4.e.(6)(b) Output - (1) Two drive fre­
quency outputs (180° out of phase) of 6 (0 to -6) 
volts from first divider of crystal oscillator; 
supplied to multiplexer-demultiplexer and syn­
chronizer amplifier; frequency -

60 - 75 wpm 
100 wpm 

15,750 cps 
15,407.6 cps 

For frequency division, see Table 4. (2) D. c. 
and a. c. voltages : See Table 3. (3) Two 115-
volt, a. c. convenience outputs; connectors on 
front panel. 

4.e.(7) Crystal Oscillator 

4.e.(7)(a) Power Source: -12 volts (±10%) 
with respect to ground; maximum ripple of 2% 
r. m. s. 

4.e.(7)(b) Oven Power Source: 12.6 voits 
(±10%) a. c.; current less than three amperes at 
12.6 volts. 

2638 

4.e. (7)(c) Output: frequency drive of 0.4-
volt r.m.s., when operated from nominal -12 
volts supply, with following frequency: 

60 - 75 wpm 
100 wpm 

63 KC 
61.63043 KC 

4.e. (
V

(d) Maximum frequency drift: five 
parts in 10 per day for specified ranges of 
temperature and voltage and variations in load 
from 300 to 10,000 ohms. 

4.e.(7)(e) Oven Temperature: 70° ± 1oc. 
for specified ranges of temperature and oven 
power-supply voltage. 

4.e.(8) Neon Indicator (NE-263/UGC-1) -
Operates from a power source of 115 volts (±10%) 
a.c. at 50/60 cps. Accepts six-wire signals of 
either 0 ('±1) volt or -6 (±1) volts; 0 volt causes 
neon indicator to glow; -6 volts extinguishes in­
dicator. 

TABLE 1-1 

Words/Min. 

ORIGINAL 

60 

75 

100 

PRIMARY POWER SUPPLY REQUIREMENTS 

Voltage 115 Volts ± 10% a.c. 

Phase Single 

Cycles per Second 50/60 '± 5% 

Current 1 ampere 

Power Factor 0.75 

Wattage 86 

Heat Dissipation 86 watts 

TABLE 1-2 

MULTIPLEX OPERATING SPEEDS 

Operations 
Per Minute 

Dot Cycles Per Sec. 
4 Chan. 3 Chan. 2 Chan. 

Pulse Duration (Millisec.) 
4 Chan. 3 Chan. 2 Chan. 

375 

468 

611.413 

75 

93.75 

122.26 

56.25 

70.31 

91.70 

37.5 

46.88 

61.13 

6.66 

5.34 

4.09 

8.9 

7.11 

5.45 

13.33 

10.68 

8.18 

1-13 
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TABLE 1-3 

D. C. AND A. C. OUTPUT RATINGS OF POWER-OSCILLATOR 

Nominal 
Voltage Load Bleeder 

(115 Volt Current Percent Ripple Power Voltage Resistance 
Primary) (amperes) Regulation %R.M.S. Watts Adjustment Values (ohms) 

(Tentative) 

+37 d.c. 0.005 Bleeder 

+50 ±5% d.c. 0.030 --- 2 5.00 None 

+12 d.c. 0.300 --- 2 3.60 Rheostat 

+6 d.c. 0.900 --- 1 5.40 Rheostat 

+1.5 ±10%d.c. 1.300 --- 2 2.00 None 

-6 d.c. 

-12 d.c. 

6.3 a.c. 

12.6 a.c. 

12. d.c. 
Isolated 

1-14 

0.500 --- 1 3.00 Rheostat 

3.400 ±2% 2 40.80 Tap on 
Primary 
(±2% steps) 

LOMax. --- 6.3 Max. None 

3.0 37.8 Max. None 

0.100 --- 2 1.2 

1. +12, +6, -6, -12 volt� shall be adjustable to achieve nominal over the 
comr'et€ range of plimary a.c. voltage input. 

2. Load c ents for all voltages, except -12 volt are constant at the values 
shown . .Load will fluctuate between 3.400 and 3.200 amperes for a -12 
volt supply. 

3. +37 volts derived from 750 ohm potentiometer across +50 volt. +37 volts 
bypassed to ground by minimum 500 mfd. 

4. 6.3 volts a. c. derived from tap on 12.6 volt a. c. supply. 

68 

12 

150 
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TABLE 1-4 

MULTIPLEXER-DEMULT IPLEXER FREQUENCY DIVISION CHART 

( Divider 2 WPM Ring 

Input (cps) Ratio Output (cps) Speed (WPM) 

15,750 5/1 3150 60 
15,750 4/1 3937.5 75 
15,407.5 3/1 5135.833 100 

(' 

Ring 7 

Input (cps) Ratio Output (cps) Speed (WPM) 

3150 7/1 450 60 
3937.5 7/1 562.5 75 
5135.833 7/1 733.690 100 

Divider 3 Channel Selection Ring 

Input (cps) Ratio Output (cps) Speed (WPM) Channels 

3150 3/1 1050 60 4 
3150 4/1 787.5 60 3 
3150 6/1 525 60 2 
3937.5 3/1 1312.5 75 4 
3937.5 4/1 984.375 75 3 
3937.5 6/1 656.25 75 2 
5135.833 3/1 1711.944 100 4 
5135.833 4/1 1283.958 100 3 
5135.833 6/1 855.972 100 2 

Divider 4 

Input (cps) Ratio Output (cps) Speed (WPM) Channels 

(, 1050 7/1 150 60 4 
7875 7/1 112.5 60 3 

525 7/1 75 60 2 
1312.5 7/1 187.5 75 4 

984.375 7/1 140.625 75 3 
656.25 7/1 93.75 75 2 

1711.944 7/1 244.563 100 4 
1283.958 7/1 183.423 100 3 

855.972 7/1 122.282 100 2 

( 
Mux Signaling Rate 

60 WPM 375 OPM 
75 WPM 468.75 OPM 

100 WPM 611.19/46 OPM 

ORIGINAL 1-15 
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TABLE 1-5 

DIMENSIONS AND WEIGHTS 

Approx. Dimensions 

(Inches) 

Height Width Dept h 

Transm it ting Group 12-1/4 17 

Receiving Group 12-1/4 17 

Power -Supply Group 8-3/4 17 

Com plete Set 33-1/4 17 

Complete Set Packed for S hipping 

1-16 

* Includes connectors on rear and handles 
on front. 

25* 

25* 

25* 

25* 

Approx. Volume 

(Cubic Inches) 

5206-1/4 

5206-1/4 

3718-3/4 

14131-1/4 

Approx. Weights 

(Pounds) 

71 

68 

58 

197 

300 

ORIGINAL 

,A� 

:"� 

'� 
'"' 

J 



( 

(� 

( 

( 

2638 

SECTION 2 

INSTALLATION 

1. UNPACKING AND HANDLING 

l.a. The Transistor Multiplex Set - TM200 
(Telegraph Terminal AN/UGC-1) is packed in a 
large wooden box. A smaller box contains 
maintenance spare parts, the instruction manu­
als, the mounting hardware and the accessories 
that are required for the installation. Inspect 
the location where the equipment is to be in­
stalled and make sure that ample room is pro­
vided at the rear of the cabinet -- see paragraph 
2.c. below. Refer to Figure 2-2 for the outline 
dimensions of the equipment. Note the alternate 
location of the Power Supply Group in Figure 
2-1. 

l.b. The equipment is packaged with a mois­
ture-vapor proof barrier. Individual items in 
the maintenance spare parts kit are also packed 
in moisture-vapor proof packages. The equip­
ment may be removed from the wooden box for 
temporary storage; however, the vaporproof seal 
should not be broken until the unit is ready to 
be set up. 

l.c. Remove the nails that secure the front 
panel and the top of the wooden box. This will 
expose the unit in its protective covering. Re­
move the corrugated detail at the top and lift the 
unit from the skid and lower detail. Remove the 
protective covering when the unit is to be in­
stalled immediately. If the unit is to be rack 
mounted, remove the ear brackets (144063 and 
144056), rear brackets (144062 and 144064) and 
the bag of mounting hardware from the small 
box. 

2. SITE SELECTION 

2.a. The equipment may be installed in either 
a fixed or mobile station. Generally, the need 
for increased t e 1 e g r a p h  channels dictates 
whether multiplex equipment will be used at a 
particular location. The arrangement of the 
equipment is dependent upon the space available 
and the amount of traffic to be handled. Where 
space permits, it is recommended that the Mul­
tiplex Set be mounted at table-top height above 
the floor. The base (144200) is not required for 
this type of mounting. Where large amounts of 
traffic are to be handled within a limited floor 
area, two complete Multiplex Sets can be bolted 
together one above the other. This method of 
mounting results in a "package" approximately 

ORIGINAL 

6 feet high but narrower (17 inches) than con­
ventional relay racks. If possible, a Transmit­
ting Group, a Receiving Group and a common 
Power Supply Group should be installed together. 
This arrangement facilitates the overall testing 
of the equipment during routine maintenance 
checks. 

2.b. The multiplex equipment should be in­
stalled in a shelter which is kept at temperature 
consistent with human habitation. 

2.c. Where rear accessibility is limited to 
less than 18 inches, the Power Supply Group 
should be installed as the lower Group i.n the 
cabinet assembly -- see Figure 2-1. Thi;:; pro­
cedure permits final bolting of the assembled 
cabinets to the mounting base from the front. 
CAUTION--The distance between the rear panels 
of the cabinet and a vertical wall surface should 
not be less than 5-1/2 inches. If this minimum 
distance is not maintained, the AN-type connec­
tors on the rear panels cannot be removed. 

3. POWER REQUIREMENTS - During opera­
tion at normal room temperatures the Transis­
tor Multiplex Set requires 86 watts of power 
from a 117 volt a.c. source. The unit has a 
power factor of 0. 75. Refer to the power dis­
tribution information in Figure 2-3 and Table 2 
of Section 1. Note that the power-oscillator will 
function on 50 to 60 cycle current; however, the 
associated motor driven readers and printers 
will require a frequency tolerance of �0. 5 cycle 
unless governed motors are used. 

4. INSTALLATION LAYOUT 

4.a. The Multiplex Set will operate for long 
periods of time with a minimum amount of at­
tention. The remote framing switch feature 
enables the operator to bring the set into its 
framed condition while the operator is viewing 
the copy from the page printer. Therefore, the 
Multiplex Set may be located near the radio 
transmitting and receiving equipment, and the 
tape readers and page printers may be placed 
at a more distant location. 

4.b. A typical shipboard installation in which 
the TT-23/SG patch panels are used is shown in 
Figure 1-1. A more detailed illustration of the 
actual wiring is shown in Figure 2-4. 

2-1 
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4.c. If possible, a send-receive teletypewriter 
should be located near the Multiplex Set for 
monitoring and order wire purposes. The order 
wire can be a separate circuit or one of the mul­
tiplex channels. 

4.d. All incoming and outgoing signal leads 
should be shielded pairs. The shields should be 
grounded to the equipment at the ground termi­
nations provided on the terminal blocks or in 
the AN -type connectors. 

4.e. The cabinets, which are bonded by a 
ground strap, should be connected to station 
ground. 

4.f. Mount base to floor or to table. Drill the 
mounting holes in accordance with the dimen­
sions shown on Figure 2-4. 

4.g. Fasten lower cabinet to the base using 
the 1/4 x 20-1/2 inch screws with the moisture 
seal. See Figure 2-2. 

4.h. Connect the power cables from the power­
oscillator to the Transmitting Group and the 
Receiving Group as shown in Figure 2-4. If the 
internal connections of each group are required, 
refer to Figures 2-6 and 2-7. Connect the patch 
panel (TT-23/SG)in accordance with Figure 2-4. 

4.i. Connect an a. c. power cable (three wires) 
to the plug (P1500) that is furnished - See Fig­
gure 2-5. Connect the input and output circuits 
(shielded pairs) to the Transmitting and Receiv­
ing Groups. The latter connection may be made 
to terminal boards TB1200, TB1201, TB1300 and 
TB1301 when the access plates (144109) are re­
moved. On installations where it is necessary 
to maintain a drip-proof seal, the signal con­
nections should be made to the AN -type connec­
tors. See Figure 2-4 or 2-1. 

4.j. If auxiliary equipment is to be used in 
conjunction with the Multiplex Set, remove the 
dummy plugs (P1506 and P1509) from J1200 and 
J1300 respectively. Auxiliary equipment may be 
plugged directly into J1200 and J1300. Use plugs 
P1504 and P1508 for this purpose, and connect 
cables to plugs as shown in Figures 2-4 and 2-5. 

4.k. Make sure that power switch S101 on the 
power-oscillator is in its OFF position. Con­
nect the power cable plug (P1500) to J1400. The 
Multiplex Set is now ready for operation. 

4.1. For further disassembly and reassembly 
information refer to Section 6. 

5. ASSEMBLY OF MULTIPLEX SET IN A RE­
LAY RACK (Navy Type CY597 A/G) 

ORIGINAL 
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5.a. Attach the cabinet ear brackets (144056 
and 144063) to the Transmitting Group Cabinet 
(TMAC202), Receiving Group Cabinet (TMAC201) 
and Power Supply Group Cabinet (TMAC 200). 

5. b. Install the right and left brackets (144062 
and 144064) on the right and left vertical angles 
of the CY597 A/G cabinet. The angles are po­
sitioned approximately 15 inches to the rear of 
the front surface of the cabinet. The brackets 
should be mounted using the pre-tapped holes 
in the angles so that the rear of each cabinet 
rests on the brackets. 

5. c. Fasten the cabinets in the rack using the 
mounting screws for the front ear brackets. 

5.d. Connect the power, signal and auxiliary 
circuits as described previously. 

6. INSTALLATION REQUIREMENTS 

6.a. INSTALLATION POINTERS 

6.a.(1) Ground all shielded leads to the 
cabinet ground. 

6.a.(2) Exercise care when the signal input 
and output leads are connected to their termi­
nals so that the polarities shown in Figure 2-4 
are maintained. 

6.b. OUTLINE DRAWINGS 

6.b.(l) Refer to Figures 2-2 and 2-1 to ob­
tain the dimensional requirements for the in­
stallation. Note that the Power Supply Group 
may be placed on the lower level when space 
limitations at the rear of the cabinet hinders a 
direct approach to the mounting screws. 

6.b.(2) Refer to Figure 2-5 for a view of 
the cable assembly. 

6.c. INTERCONNECTING D I A G R A M S  (See 
Figures 2-8 and 2-9) 

6.c.(1) The interconnection of the drawers 
of the Transmitting Group with the connector on 
its cabinet is shown in Figure 2-6. The inter­
connection of the drawers of the Receiving Group 
with the connectors of its cabinet is shown in 
Figure 2-7. The interconnection of the Power 
Supply Group is shown in Figure 2-5. 

6.c.(2) If the Transmitting Groups and Re­
ceiving Groups are installed at different loca­
tions, it is recommended that the local multiplex 
circuits be used to connect them. The local 
multiplex signal is brought out to terminal no. 
5 of TB1201 and TB1301 as well as pin "L" of 
J1201 and J1301. The groups are wired at the 
factory so that the local connection for the usual 
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send-receive combination is made through the 
power-oscillator by means of J1202 and J1302 
-- pin L. If the Transmitting and Receiving 
Groups are separated, it is necessary to remove 
the brass strap between the upper and lower 
screw of no. 5 terminal on TB1201 and TB1301. 
The interconnecting lead is then attached to the 
upper no. 5 terminal of TB1201 and the other 
end to upper no. 5 terminal of TB1301. Refer to 
Figures 2-10 and 2-11. 

7. INSPECTION AND ADJUSTMENT 

7 .a. Make sure that all transistors in each 
drawer are seated firmly in their respective 
sockets. There should be no vacant transistor 
sockets. 

7. b. The crystal oscillator for the desired 
speed of operation should be located in J113. 
The alternate oscillator should be in the reserve 
socket. 

7.c. ENERG IZING THE EQUIPMENT 

7.c.(1) With the power switch OFF, pull the 
power-oscillator out of its cabinet so that the 
tap-switch on the control mounting bracket is 
accessible. Set the voltmeter selector switch 
(on the front panel) to the "Red-Line" position 
(see Figure 1-9). 

263B 

7.c.(2) Turn the power switch ON and ad­
just the tap switch until the voltmeter indication 
is closest to the red line. 

7.c.(3) With power applied and the a.c. tap 
switch properly adjusted, the d.c. voltages fur­
nished by the power supply should fall within 
�5% of their nominal values. The rheostats on 
the control mounting bracket are factory-set and 
locked in position. They should not require ad­
justment at this time. 

7.c.(4) The d.c. line currents are supplied 
by the external 130 volts supplies. Observe each 
code converter line current meter to see that it 
provides an indication. Set the local-remote 
switches in the output-amplifier and the syn­
chronizer-amplifier units to LOCAL. Set the 
signal selector switch on the output-amplifier 
unit to MARK. Observe if the "Mux." line cur­
rent meters have an indication. (If any of the 
signal lines were reversed during installation, 
the meters will not give the proper indication 
and steps will have to be taken to correct the 
signal polarity). 

7.c.(5) Note that the distributor cycle meter 
on the multiplexer-demultiplexers functions for 
all settings of CHANNELS switch on the front 
panel. 

7.c.(6) Set the CHANNELS switches to the 
same number of channels. The equipment is 
now ready for operation with actual signals. 

NOTE---When power switch is turned ON, allow approximately one minute (1) for the 
oscillator to reach its operating temperature before the set is placed in service. 
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Figure 2-8. Drawer Connectors and Cable Assembly 
(with Rear PI ate removed) • 
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Figure 3-1 Multiplex Operating Controls 
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SECTION 3 

OPERATION 

1. FUNCTIONAL OPERATION 

l.a. The Transistor Multiplex Set (Telegraph 
Terminal Set AN/UGC-1) provides facilities at 
a given station for combining two, three or four 
two-way START-STOP circuits into common 
long-haul telegraph circuits through the use of 
time division principles. At the distant end of 
the telegraph loop circuit, a duplicate equipment 
performs the complementary multiplexing func­
tions. The START-STOP circuits of both ter­
minals are made according to c on v e n t i o n a l 
practices, and may include any apparatus which 
utilizes the standard 7.42 unit START-STOP 
code at the speed chosen for the system oper­
ation. 

• 1. b. The function of the Transmitting Group 
(OA-1054/UGC-1) is to accept START-STOP 
signals, detect and store the intelligence con­
tained in the code combinations, and to assemble 
such information into sequential pattern, channel 
by channel, thereby forming the MULTIPLEX 
signal. This signal is then amplified and dis­
patched to the radio transmitting facilities of 
the telegraph circuit. 

1. c. The function of the Receiving Group (OA-
1053/UGC-1) is to accept the MULTIPLEX sig­
nal as delivered by the radio receiving facilities 
of the telegraph circuit. The Receiving Group 
in turn will detect and store the intelligence 
contained in the code combinations, and distri­
bute such information in START-STOP form to 
the proper destinations. 

l.d. The equipment transmits and receives 
a special type of telegraph signal (MULTIPLEX) 
which is intelligible only to a similar set or to 
an AN/FGC-5 Telegraph Terminal Set with 
which it is compatible. It should be noted that 
the latter unit operates at a speed of 60 or 7 5 
wpm. 

2. PREPARATION FOR USE 

Since this equipment is a permanent instal­
lation, no preparation for use is required by the 
operator other than setting up a monitor in cer­
tain installations. For this discussion a typical 
installation consisting of thE Transmitting Group, 
Receiving Group and common power-oscillator 
is considered. However, other applications may 
group two transmitters in a relay rack powered 
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by a common power-oscillator and two receivers 
and a power-oscillator located some distance 
from the transmitters. It may be necessary to 
provide some additional equipment to monitor 
the receivers. 

3. OPERATING PROCEDURES 

3.a. LOCATION OF CONTROLS - The more 
frequently used controls of the Transistor Mul­
tiplex Set are located on the front panels of the 
various major units in the Transmitting, Re­
ceiving and Power Supply Groups. These con­
trols are marked (EXT) in Table 3-1 NORMAL 
OPERATING CONTROLS. Those located within 
the various drawers are marked (INT) in Table 
3-1. The controls are numbered sequentially on 
associated illustrations to facilitate identifica­
tion in the following text. Refer to DISASSEM­
BLY AND REASSEMBLY (Subdivision 3.) in 
Section 6 for procedure to open drawers. 

3.b. SEQUENCES OF OPERATION 

3.b.(1) Energizing the Equipment 

3.b.(1)(a) Move power switch (1) located 
on the power supply to the ON position. Green 
power indicator lamp (2) should glow indicating 
primary power is available. Failure to glow 
may indicate a burned out (primary) fuse (3). 
Replace with spare. (Figures 3-1 and 3-3) 

3.b.(1)(b) Place the voltage s e l e c t i o n  
switch (4) in the red line position and observe 
the voltage on the d.c. meter (5). The needle 
should deflect to the red line position on the 
meter. Adjust by means of RED LINE ADJUST 
control (6) if red line indication is off by more 
than plus or minus 1 volt. (Figure 3-3) 

3.b.(1)(c) By operating the voltage selec­
tion switch ( 4), observe (multi voltage) voltmeter 
(5) for the following voltages: +50, +37, +12, +6, 
+1.5, -6, -12 and the special 12 volt supply. No 
voltmeter reading (any switch position) may in­
dicate a blown fuse. Replace the fuse with an 
appropriate size. Should any voltage deviate 
more than 5 per cent from normal, or be irregu­
lar, report the condition to a technician. 

3.b. (1)(d) Observe illumination of the am­
ber crystal oven light (8). It should remain on 
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UNIT 

Power-Osc. 

TMPU201 

Output-Amplifier 
TMXU201 

Multiplexer -
Demultiplexer 
TMD201 

Transmitting 
Code Converter 

Synchronizer 
Amplifier 
TMS201 

Synchronizer-
Amplifier 

Receiving 
Code Converter 
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TABLE 3-1 . NORMAL POSITIONS OF OPERATING CONTROLS 

POSITION FOR 
CONTROL NORMAL OPERATION REMARKS 

Power Switch ON 
(EXT) 

Signal Mode SW. MUX Observe Output on 
(EXT) Mux line Current Meter 

Local Remote Remote 
sw. 5401 (INT) 

Channel Selection Corresponds to Observe DXTR operation on 
(EXT) Number of Channels DXTR Cycle Meter 

Being Used Must agree with S900 
WPM SW. As Applicable and S700 located in 
S500 (I NT) transmitting and 

Receiving Converters 
When Multiplex is used 

Aux-Normal As Applicable in conjunction with auxiliary 
S501 (I NT) equip., 5501 is in "AUX". 

Otherwise in NORMAL. When 
set is not used with auxiliary 
equipment, plugs P 1504 and P 1508 
located on rear of cabinet must 
be in position. 

WPM SW . As Applicable Must agree with S500 in 
5900 (I NT) Multiplexer-Demultiplexer and 

S700 in Receiving Converters 

Auto Manual SW. As Required Framing Switch should be 
(EXT) in AUTO with an idle 

signal received on "A" 
channel 

Local Remote Remote 
S200 (I NT) 

WPM 5W. As Applicable Must agree with S500 in 
5700 (I NT) Multiplexer-Demultiplexer, and 

5900 in Transmitting Converters 
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for a period of 15 minutes or less following the 
first application of power, then cycle on and off 
at regular intervals. Failure of lamp to light 
may be caused by blown fuse {9). Replace with 
appropriate spare. If lamp still does not light, 
report the condition to a technician. Continuous 
burning of lamp should be reported to a techni­
cian. 

3.b.(1)(e) Observe operation of the multi­
plexer-demultiplexer distributor cycle meter 
{10). The meter should be pulsing regularly at 
both transmitting and receiving terminals. 

3.b.(2) Preparing for Circuit Operation -
The following operations are to be performed 
when initially starting the equipment, and when 
preparing the equipment for application to tele­
graph circuits. 

3.b.(2)(a) T u r n  the channel s e l e c t o r  
switch (11), located on each m u l t i p l e x e r­
demultiplexer unit, to the number of channels to 
be used (2, 3 or 4). The distributor cycle meter 
should continue to pulse at a constant rate. 

3.b.(2)(b) Observe line current on each 
of the transmitting terminal code converters 
(12). The four meters should read 60 to 65 mil­
liamperes (unless operated on 20 milliampere 
circuits, in which case the current should be 
20-25 rna.). In order to observe the various line 
currents, the circuits should be in a steady mark 
condition. Should the meter be pinned to the left 
on any channel, the input line current is im­
properly polarized and must be reversed. This 
condition, as well as a low or high current read­
ing on any channel, should be corrected by a 
technician. 

3.b.(2)(c) Pull the output amplifier drawer 
out approximately 4 inches. Make sure that 
LOCAL-REMOTE switch (7) is in the REMOTE 
position (see Figure 3-2). 

3. b. (2) {d) Pull the synchronizer-amplifier 
drawer out approximately 4 inches. Make sure 
that LOCAL-REMOTE switch (201is in the RE­
MOTE position. (See Figure 3-3.) 

3.b.(2)(e) Place the operating mode switch 
(13) in the "M" (constant mark) position and ob­
serve the multiplex line current meter ( 14). The 
meter should read 60 to 65 Milliamperes as in 
Paragraph 3.b.{2)(b). Move the switch to "S" 
(constant space) position. The meter should now 
read zero. Move the switch to AC (alternating 
mark and space). The meter should read 30 to 
32 rna. Place the switch finally in the MUX po­
sition. If the meter fails to deflect, check the 
external circuit. 
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3.b.{2)(f) The equipment should now be 
operated in conjunction with a distant terminal. 

3. b. ( 3) Starting Multiplex Telegraph Circuit 
Operation. 

3.b.(3)(a) For initial lineup purposes, it 
is desirable that voice or telegraph contact be 
made between distant terminals on separate fa­
cilities from those being used by the multiplex. 
However, this is not absolutely necessary. 

3.b. (3)(b) Providing voice or telegraph 
contact has been made, the transmitting terminal 
should be requested to send a constant mark 
signal. The line current meter at the synchro­
nizer-amplifier should then read 60-65 mil­
liamperes as in paragraph 3.b.(2)(b). With the 
transmitting terminal sending an AC pattern, 
the meter should read 30-32.5 milliamperes. 
The transmitting terminal should finally be re­
quested to transmit the multiplex signal, with no 
traffic on "A" channel. The line current meter 
(19) should now pulse irregularly. 

3.b.(3)(c) Next, observe the receiver cry­
stal meter ( 15). Initially the meter should de­
flect full scale to "fast" or "slow", followed by 
a series of needle "kicks". When the "kicks" 
cease, the equipment should be synchronized. 
"Kicks" should subsequently be observed on 
either the "fast" or "slow" side of the meter-, 
but at a much reduced rate. Each "kick" indi­
cates an addition or subtraction of a pulse to the 
crystal oscillator drive at the receive terminal. 

3.b.(3)(d) Providing a multiplex signal is 
being generated at the transmitting terminal, and 
channel A is idie, AUTO MANUAL switch (16) 
should be moved to its AUTO position. The 
framing switch (17) should then be depressed 
until the equipment is in proper frame. By ob­
serving the channel A line current meter (18), 
it is possible to ascertain an "in-frame" condi­
tion. So long as an incorrect frame condition 
exists, the line current meter indicator will 
pulse. When the equipment is properly framed, 
the indicator will come to rest. If difficulty is 
experienced in framing the Receiving Group, op­
erate the signal polarity switch (21) to the IN­
VERTED position. If one is now able to frame 
the unit it indicates that inverted signals are be­
ing received. If difficulty in framing the unit is 
still experienced, check the position of the vari­
ous controls as shown in Table 3-1. 

3.b.(3)(e) The receiving converter output 
currents should be 60-65 milliamperes (or 20-
25 rna) as recorded by the line current meters 
{18) and (19), as in paragraph 3.b.(2)(b). 

3.b.(3)(f) It is not always practical to es­
tablish parallel voice or telegraph facilities, in 
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Figure 3-2 Output Amplifier and Multiplexer- Demultiplexer Controls 
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which case the receiving terminal must be framed 
when traffic may be present on channel A. I f  
this proves to b e  the case, throw AUTO MANU­
AL switch ( 16) to MANUAL. Operate the frame 
switch (17) manually and observe copy on chan­
nel A monitor printer. When legible copy is re­
ceived, the equipment is properly framed. 

4. LOCAL TEST - Occasionally it becomes de­
sirable, for circuit lineup or maintenance pur­
poses, to connect the local Transmitting Group 
to the local Receiving Group. This mode of op­
eration is usually originated by a serviceman or 
experienced operator. 

4.a. The local Transmitting Group is con­
nected directly to the local Receiving Group. 
Text messages transmitted by the local start­
stop transmitters will be recorded by the local 
telegraph receiving equipments. 

4.b. The local message center using the chan­
nels should be notified whenever a local test is 
being made. Bonafide traffic must not be lost 
by initiating a test when the circuits are in use. 
The following procedure should be followed : 

4.b.(1) Turn the LOCAL REMOTE switch 
(7) of the output amplifier to LOCAL (Figure 2). 
Likewise, turn the LOCAL REMOTE switch (20) 
located at the synchronizer-amplifier to LOCAL 
(Figure 3). Turn the operating mode switch (13) 
to M (mark) (Figure 1) and observe multiplex 
line current. The line current should be ap­
proximately 53 milliamperes which is more than 
adequate for local test purposes. 

4.b.(2) Frame the receiving group by op­
erating the FRAME (17) and AUTO-MANUAL 
switch (16) as previously described in paragraph 
3.b.(3)(d). 

4.b.(3) Tests may now be run. Signals may 
be monitored at both the transmitting and re­
ceiving converters on each channel. Troubles 
within the equipment may therefore be isolated 
from those elsewhere in the system. 

5. FUNCTIONS OF OPERATING CONTROLS -
Table 3-2 lists functions of the operating con­
trols for the units of the equipment. Refer to 
Figures 1, 2, 3 and 4. 

6. ADJUSTMENTS 

6.a. WORDS PER MINUTE -The equipment 
is set up initially to operate with associated 60, 
75 or 100 word per minute terminal equipment. 
The need for a change in the speed of operation 
occurs infrequently. Note: A change in speed 
involves a gear change of all readers and printers 
associated with a Multiplex Set. Speeds of op­
eration should be set up or changed using the 
following procedure. 
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6.a.(1) Select the proper crystal oscillator 
unit located in the power supply (Z103 for 60-75 
wpm, Z104 for 100 wpm) and insert in the power 
supply. Place the oscillator unit not used in the 
RESERVE socket. 

6.a.(2) Place the words per minute switch 
S500, located in the multiplexer-demultiplexer 
unit, in the proper position (Transmitting and 
Receiving Group). 

6.a.(3) Position the words per minute switch 
S900, located in each transmitting code converter 
to the selected speed (60, 75 or 100 wpm). 

6.a. ( 4) Position the words per minute switch 
S700 located in each receiving code converter to 
the selected speed (60, 75 or 100 wpm). 

6.a.(5) Adjust the start-stop oscillator fre­
quency in each of the eight converters as out­
lined in Section 6. This adjustment should be 
made by a technician. 

7. LINE CURRENTS - Start-stop input, multi­
plex output, multiplex input, and start-stop out­
put line currents must be adjusted prior to 
achieving operation. A 7 50 ohm rheostat is sup­
plied in the Multiplex Set for fine adjustment of 
line current at each of the input and output cir­
cuits. Coarse adjustment must be made by add­
ing or subtracting resistance externally. Each 
of the circuits is adjusted as follows: 

7.a. INPUT START-STOP ADJUSTMENT -
The line current requirements are dependent 
upon the associated monitoring equipment; strap 
the appropriate two terminals on TB907 (for 
either 20 or 60 milliampere requirements). Then, 
while receiving a steady marking condition, ad­
just the line current on each of the four input lines 
by means of R1036, located in the transmitting 
code converters. Should the line current meter 
read in the reversed direction, the battery is im­
properly polarized and must be reversed.Fig 

7.b. OUTPUT MULTIPLEX LINECURRENT 
- The d. c. potential for the output multiplex sig­
nal is externally supplied and must be properly 
polarized. With the potential (battery) applied, 
and the signal mode switch turned to M (mark), 
adjust the Multiplex output line current by means 
of vernier rheostat R448 located in the output 
amplifier. 

-

7.c. INPUT MULTIPLEX LINE CURRENT -
The d.c. potential for the input multiplex signal 
at the receiving terminal must also be supplied 
externally. With a steady "mark" applied at the 
input, adjust the input multiplex line current by 
rotating vernier rheostat R218 located at the 
synchronizer-amplifier. 
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TABLE 3-2. FUNCTIONS OF OPERATING CONTROLS 

CONTROL FUNCTION 

Power switch Switches AC power input ON or OFF. 
Voltage Selection (DC VOLTS} Selects voltage input to the voltage 

monitor meter. 
RED LINE ADJ. Matches tap on transformer primary 

to AC input voltage. 

Operating Mode Switch Provides 3 special multiplex outputs 
(S400} (for circuit test purposes) in addition 

to the regular multiplex signal: steady 
mark, steady space and alternating 
mark and space (M, S, AC, MUX) 

REMOTE LOCAL switch Routes the output signal to the remote 
or local circuits. 

Multiplexer -Demultiplexer Channel Selection Switch Determines the number of output 
(S502) multiplex channels which are 

transmitted ( 2, 3, 4.) 

Signal Polarity Switch Reverses polarity of multiplex 
(S501) signal applied to the two matrix 

inputs at the receive terminal. Not 
used at the transmitting terminal. 
(NORMAL, INVERTED) 

Synchronizer -Amplifier Framing Switch 
(S202} Passes framing pulses for achieving 

a proper phase relationship between 
transmitting and receiving terminals. 
(FRAME) 

Framing Mode Determines whether pulses are fed 
(AUTO, MAN) automatically to the phasing circuits 

(AUTO) or individually, one for each 
operation of the framing switch (MAN) 

REMOTE LOCAL switch Determines which input circuit (local 
or remote) wi II be app I ied to the 
receiving terminal. 
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7.d. OUTPUT START-STOP LINE CURRENT 
-With d. c. potential (battery) applied externally, 
and a steady "mark" on the line, adjust the out­
put start-stop line current to the correct value 
by rotating vernier rheostat R724 in the receiv­
ing code converters. 

8. TEST PROCEDURES 

8.a. The Multiplex Set includes a neon lamp 
indicator for use with the transmitting or re­
ceiving code converter. This feature permits 
visual checking of each level of operation. The 
indicator is operated as follows: 

8. a. ( 1) Pull out the output amplifier drawer 
in which the neon indicator is stored. The in­
dicator may be used without detaching it from 
the drawer, or it may be removed and placed at 
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a convenient eye level. For portable use, re­
lease the two quarter -turn fasteners on the out­
put amplifier. 

8.a.(2) The line cord should be removed 
from its storage space at the upper left hand 
section of the equipment and inserted in any con­
venient 117 volt a. c. outlet. Normally, the con­
venience outlets on the front of the power­
oscillator are used. All seven neon lights should 
fire. 

8.a.(3) Next remove the octal plug with its 
associated cable and insert the plug in the octal 
socket located behind the transmitting or re­
ceiving converter front panel. Operation of the 
storage elements of the converter may now be 
observed by the firing of the six top neon indi­
cators. The seventh neon lamp indicates that 
the a.c. power is on. 
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UNIT 

TRANS. GROUP 

REC.GROUP 

(� MULTIPLEXER 
-DEMULTIPLEXER 
TMD201 
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TABLE 3-3 

POSITIONS OF OPERATING CONTROLS WHEN AN/UGC-1 
IS OPERATED WITH THE TSEC/KW-22 AUXILIARY EQPT. 

POSITION FOR 
CONTROL OPERATION REMARKS 

·-· -

P1508 REMOVE SHORTING CONNECT P1508 CABLE TO TRANS 
PLUG - INSERT PORTION OF/KW-22 
P1508 IN J1300 

P1504 REMOVE SHORTING CONNECT P1504 CABLE TO REC. 
PLUG - INSERT PORTION OF/KW-22 
P1504 IN J1200 

AUX-NORMAL "AUX" ALL OTHER CONTROLS SET 

5501 (I NT) AS SHOWN IN TABLE 3-1. 
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SECTION 4 

PRINCIPLES OF OPERATION 

1. GENERAL 

l.a. This section explains the operation of 
the Transistor Multiplex Set (Telegraph Ter­
minal Set AN/UGC-1). The Set provides termi­
nal facilities for a multiplex system which will 
simultaneously transmit two, three or four sep­
arate teletypewriter messages over a common 
channel (see S ubdivision 2 of Section 1). 

l.b. Multiplexing can be accomplished in 
several different ways. Frequency-division 
multiplexing, for example, employs a number of 
tone channels slightly displaced in frequency. 
Each tone channel carries the signals from a 
separate teletypewriter circuit and modul ates 
a common frequency carrier. Time division 
multiplexing, on the other hand, divides the time 
duration of a standard start -stop signal into a 
number of equal intervals and allots each inter­
val to a separate teletypewriter circuit. Thus 
the start-stop signals are, in effect, compressed 
in time for transmission. The Set covered in 
this bulletin is designed to operate in a time­
division system. 

2. OVERALL OPERATION (Figure 4-2) 

2.a. Figure 4-2 is a simplified block diagram 
of a typical time-division multiplex system em­
ploying the Transistor Multiplex Set. Functional 
descriptions of the Set and its major units appear 
in Section 1. A.c. and d.c. voltages for the 
major units are provided by the power supply 
portion of the power oscillator \ /UGC-1) 
which is not shown in figure 4-2. 

2.b. At the transmitting station, four start­
stop transmitters (not furnished with the Set) 
simultaneously send four messages in the form 
of start-stop signals to respective transmitting 
code converters (CV -408/UGC -1) in the Trans­
mitting Group (OA-1054/UGC-1). The code 
converters translate these signals, which are 
in sequential form, into six-wire parallel form. 
The start and stop elements of the signals are 
discarded and a sixth element is added. The 
m u l t i  p 1 e x  e r -demultiplexer (TD-134/UGC -1) 
sweeps over the outputs of the code converters, 
channel by channel, and picks up, in turn, a 
complete signal (character) from each convert­
er at the multiplex frequency rate. This rate 
is controlled by a crystal-oscillator circuit. 
Pulses generated by this circuit and various 
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dividing circuits step the multiplexer at the 
proper rate. By varying the pulse-division 
ratio, the equipment may be switched to operate 
with two, three or four start-stop circuits (re­
ferred to as channels A, B, C and D), or to ac­
commodate start-stop speeds of 60, 75 or 100 
words per minute. The multiplexer combines 
the multiwire signals received from the con­
verters into multiplex signals and sends them 
to the output amplifier ( /UGC-1). The 
latter amplifies the signals and furnishes them 
to transmitting equipment which is not furnished 
with the Set (see Figure 1-1). The outputs of 
the amplifiers may be either keyed voltage or 
60 milliampere d.c. multiplex signals. The 
transmitting equipment applies the multiplex 
signals to the radio channel which carries them 
to a distant station. As indicated in Figure 4-2 , 
the multiplex signals contain certain inversions 
which are explained in paragraph 3.b. of this 
section. 

I ITRANSiiltTTER 

L. � ___ -T�SMITT�� ':�u:_ __ �- ____ ! 

LJ j - �EC� GROUP __ - - __j 

Figure 4-2. Simplified Block Diagram of 

Typical Time - Division Multiplex System 
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2.c. At the receiving station, the multiplex 
signals are accepted by receiving equipment 
(not furnished--see Figure 1-1) and sent to the 
synchronizer-amplifier ( /UGC-1) in the 
Receiving Group (OA-1053/UGC-1). The syn­
chronizer amplifies the signals and sends in­
verted and normal versions to the multiplexer­
demultiplexer (TD-134/UGC-1). The latter 
performs functions complementary to the multi­
plexing in the Transmitting Group. It separates 
the multiplex signals into six-wire parallel sig­
nals, and as it sweeps over the input wiring of 
the receiving code converters (CV -407 /UGC -1) 
it applies, channel by channel, the proper signals 
to the proper converters. The converters ex­
amine these signals and, provided true charac­
ter transmission has been recognized, begins 
the process of regenerating the start-stop sig­
nals. The sixth pulse of the parallel signals, 
which is used only to recognize the presence of 
bona fide blank transmission, is dropped. The 
start and stop elements are added, and start­
stop signals are sent at the proper speed to the 
four printers (not furnished) respectively. The 
printers simultaneously record the four mes­
sages which were originated at the transmitting 
station. 

2.d. The frequency standard of the Receiving 
Group performs a function identical to that in 
the Transmitting Group. However, to maintain 
synchronism in the system, the local standard's 
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Figure 4-4. Start -Stop Signaling Code 
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drive must be modified by a circuit in the syn­
chronizer amplifier which operates on a digital 
basis. By noting the time location of the space­
to -mark transistions of the incoming multiplex 
signals, the circuit establishes the exact phase 
relationship between these signals and the 
multiplex drive. The synchronizer then adds 
or subtracts drive pulses in individual steps 
until a proper phase -time relationship is 
achieved. Since the original frequency remains 
fixed, a single crystal oscillator may be used 
to drive both the Transmitting and Receiving 
Groups at a given location. 

2.e. In addition to the fact that synchronism 
must be maintained, the Receiving Group must 
initially be placed in the proper channel register 
with relation to the Transmitting Group (re­
ferred to as "framing"). That is, the proper 
signals must be routed to the proper channels 
by the demultiplexer. The operation of a framing 
button causes a train of framing pulses to be 
generated. These pulses advance the de multi­
plexer selection by integral signal pulses. When 
the proper channels come into register, the 
framing pulses are automatically stopped. 

2.f. The system is shown in more detail in 
the block diagrams of Figure 4-0 and 4 -3. 
These diagrams serve to integrate the opera­
tion of the major units which is covered in detail 
in Subdivisions 5. through ll.of this section. 

3. SIGNALING 

3.a. START-STOP SIGNALS (Figure 4-4} 

3.a.(1) Standard teletypewriter equipment 
transmits messages in the form of a five-unit, 
start -stop signaling code in which each character 
or function is represented by a sequential com­
bination of current and no-current time inter­
vals. Intervals during which current flows in 
the signal circuit are referred to as marking 
elements and during which no current flows as 
spacing elements. Every combination includes 
five elements that carry the intelligence, each 
of which may be either marking or spacing, as 

illustrated in Figure 4-4a. The intelligence 
elements are preceded by a start element (al­
ways spacing) and are followed by a stop element 
(always marking) which is 1.42 times as long 
as each of the other elements. Thus each com­
bination consists of 7.42 units of time (referred 
to as a 7.42 unit transmission pattern). The 
start and stop elements ensure synchronism be­
tween the transmitting and receiving equipment 
by bringing the receiving equipment to a complete 
stop at the end of each combination. The letter 
"Y," plotted in Figure 4-4b., is usually used for 
testing and illustrating purposes because it has 
alternate intelligence elements. 
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' 3.a.(2) The total number of permutations 

of a five-unit code is two to the fifth power, or 
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32. In order to transmit more than 32 charac-
�HA:-J "EL A 1, HJ' 

ters and functions, a letters -figures shift opera-
' 

tion is designed into the printing equipment. 
Thus each permutation, excluding those used to 
shift and unshift the apparatus, may represent 

CHAC1:-JEL B 1,r01 

two characters or functions. 

3.a.(3) Only the intelligence elements of 
the code appear in perforated tape. The start 
and stop elements are added by the transmitting 
equipment. The marking pulses are represent­
ed by holes and the spacing pulses by the ab­
sence of holes. The various code combinations 
of a typical character arrangement as they ap­
pear in chadless tape form is shown in Fig­
ure 4-4c. 

3.b. MULTIPLEX SIGNALS (Figures 4-5 & 

4-28) 

3 .b. (1) Consideration of the concept of time­
division multiplexing will reveal several im­
portant consequences : 

(a) The original start-stop signal must 
be compressed (Figure 4-5). 

(b) The outputs of the channels (referred 
to as A, B, C and D) must be trans­
mitted in the proper sequence (in this 
case ABCDABCDAB--). 

(c) Both transmitting and receiving equip­
ment must be running in synchronism 
within very close limits. 

3.b.(2) In conventional teletypewriter sys­
tems, the essential synchronization between the 
transmitting and receiving equipments is accom­
plished on a character-by-character basis with 
the start pulse synchronizing the start of all 
receiving equipments and the stop pulse pro­
viding an idle time interval so that all units can 
start together on the next start pulse. On the 
other hand, the time-division multiplex system 
covered here is a fully synchronous system. The 
receiving terminal is maintained in step with 
the transmitting terminal in both frequency and 
phase. Frequency is maintained by a very ac­
curate standard which is derived from a tern­
perature -controlled crystal oscillator. Phase 
relationships are maintained by special circuitry 
i!l the receiving equipment. There is no need to 
transmit a start pulse or a stop pulse as part 
of the multiplex signal. Consequently, only the 
five intelligence elements of the start-stop sig­
nal are used, and a sixth pulse, whose function 
·will be described later, is added. 

3.b.(3) In order to provide for speed and 
phase differences in start-stop systems, the 
receiving unit always runs slightly faster than 
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MULTIPLEX SIGNAL 

COMPOSITION OF MULTIPLEX SIGNAL: FOUR START-STC? 

SIGNALS ARE COMPRESSED WITH RESPECT TO TIME AND­

TRANSMITTED CHANNEL BY CHANNEL. 

PULSES 2, 3 AND 4 ON CHANNEL A A"'D ALL PULSES ON 

CHANNELS C AND DARE INVERTED (MA�K FOR SPACE A 'iD 

SPACE FOR MARK). 

Figure 4-5. Multiplex Signal 

the transmitting unit. This speed difference is 
not cumulative because the stop puls�i! and the 
next start pulse permit synchronizing on every 
character. On the other hand, although the 
multiplex transmitting equipment operates fast­
er than the start -stop input equipment, there is 
a constantly sliding, or varying, phase relation­
ship between the start-stop and the multiplex 
signal with the multiplex signal continuously 
gaining on the start-stop signal. When the mul­
tiplex signal has moved so far ahead that the 
next start-stop signal cannot be transmitted, 
the system transmits an idle signal for that 
channel. The following multiplex signal will 
then carry the start-stop signal which could not 
be transmitted previously. 

3.b.(4) The multiplex equipment must be 
capable of distinguishing between an all-spacing 
combination in the start-stop code (blank) and 
a multiplex idle signal. The start-stop blank 
is a true character which must be transmitted, 
while the multiplex idle signal signifies the ab­
sence of a start-stop signal. The multiplex 
equipment utilizes a sixth pulse to make this 
distinction. The sixth pulse' is transmitted along 
with each character. When a bona fide blank is 
to be transmitted, the sixth pulse is the only 
pulse sent in that particular channel. During 
idle periods or the speed difference delay per­
iod, no sixth pulse is sent; consequently the 
receiving multiplex recognizes the idle condi-
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tion and an idle signal (continuous marking for 
the period of the signal) is sent to the receiving 
teletypewriter. 

3.b.(5) Since timing is a basic concept in 
understanding multiplex transmission, it is 
worthwhile to consider some actual examples 
of the periods involved. At .§Q..Jmro, a start­
stop character is nominally 163 milliseconds 
long. A multiplex signal is Si.fghtly shorter 
(thus faster), nominally 160 milliseconds. Thus 
a time difference of three milliseconds exists 
for every start-stop character coming in. After 
53 characters the accumulated time difference 
is 159 milliseconds and the next multiplex signal 
to be transmitted will be the time differential 
blank. Thus, one time differential blank will be 
transmitted for every 53 (approximately) start­
stop characters transmitted. Minute speed var­
iations may affect this figure slightly. 

3.b.(6) Since four characters (one from 
each of the four channels) are transmitted in 
sequence as a multiplex signal in 160 millisec­
onds, each character must be "compressed" to 
a 40 millisecond signal, and this 40 millisecond 
signal must include the five intelligence pulses 
plus the sixth pulse (Figure 4-5). QQJla.eqJ.l�ntly 
each roark or space in the l!!l,l}!il!t�.xsignal is 
one-sixth of 40 milliseconds or 6.66 millisec-
orids long. . . . . ..... 

3.b.(7) As mentioned above, the receiving 
equipment must remain in synchronism with the 
transmitting equipment within rather close 
limits. For example, at the time the number 1 
pulse on Channel A is transmitted, the receiv­
ing. equipment must be ready for Channel A, 
number 1 pulse, and not one of the other 23 
pulses. The initial synchronizing, explained 
elsewhere in the text, is called "framing." 
Crystal control of timing gives a "coarse" con­
trol to maintain proper synchronism. 

3.b.(8) Fine control is achieved by the 
continuous examination of the timing of space­
to-roark transitions so that any timing differen­
ces between transmitting equipment and receiv­
ing equipment are continuously corrected and 
do not become cumulative. However, it is pos­
sible that all four-start stop circuits could be 
idle for varying periods of time. The absence 
of space-mark transitions could cause loss of 
synchronism when traffic resumes and result 
in garble and lost messages. This possibility 
is eliminated by certain signal inversions that 
are built into the roul tip lex sigQ.al. T]!!Ltr.ans­
mJ!!J!!K. e.quipmep.t il}v.ert�Jbe s.eeQncL.th�rd.JUld 
fourth pulse of CnannelAand all pulses of Chan­
nels C and D (Figure 4-5). Without these inver­
sions, an idle condition in the start-stop equip­
ment would be transmitted as all-spacing groups. 
The inversions result in the following pattern: 
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A 
12 3 4 56 
SMMMSS 

B 
123456 
ssssss 

c 

1 2 3 4 5 6  
MMMMMM 

D 
1 2 3 4 5 6 
MMMMMM 

These inversions appear in all multiplex trans­
mission; corresponding re-inversions in the 
receiving equipment result in the reproduction 
of the original intelligence. See Figure 4-28 

which follows a number of typical signals through 
the system. 

4. BASIC CIRCUITS AND NOMENCLATURE 

4. a. A number of basic circuits are used re­
peatedly in multiplex equipment. An understand­
ing of these circuits in simplified form will facil­
itate the understanding of the complete equipment. 
These "building- block" circuits will now be de­
scribed: 

4. b. Diode Logic - Circuits containing only 
diodes and resistors are used to perform two dif­
ferent switching functions. These are called 
"AND", and "OR" circuits, according to the log­
ical functions they perform. Both types are often 
called "gate circuits". Figures 4-6, 4-7 

4. b. (1) Logical AND Circuit - This circuit 
has several inputs and a single output. Its func­
tion is to deliver an output signal only when all 
of its inputs are marking. ;v1 

-

;; 
CR I 

INPUT I 

ov. =rl_ 
-6 v. 

CR 2. 

INPUT 2. OUTPUT 

See Note 1. 
Page 4-11 

-:-
figure 4-6 Diode Lo9ic AND Circuit 

4. b. (1)(a) In this curcuit, a zero volt­
age (ground) is used to indicate a marking signal. 
-6 volts is used for a spacing signal. Suppose 
that input 1 is spacing and input 2 is marking, 
current will flow from input 1, through Diode 
CR1, which is forward- biased, and through Re­
sistor Rl. The voltage drop across forward­
biased CRl is very small, so that the output ter­
minal is held at -6 volts. The same thing hap­
pens if input 2 is spacing and input 1 is marking. 
The output will remain at -6 volts. There is then 
no voltage to cause ·current flow through Rl. 
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4. b. (1)(a) The output line rises to 
ground potential. The operation of the circuit 
for all possible unit conditions is summarized 
in the following table. 

FUNCTION TABLE 

Logical AND Circuit 

Input 1 Input 2 Output 

s s s 
s M s 

M s s 
M M M 

This table is called a function table for the log­
ical AND circuit. The AND circuit may be built 
with more than two inputs without changing its 
method of operation. Regardless of the number 
to produce a marking output signal. 

4. b. (2) Logical OR Circuit- Like the AND 
circuit, the OR circuit has several inputs and a 
single output. Unlike the AND circuit, the OR 
circuit produces a marking output signal when 
any of its inputs are marking. 

CR I 
INPUT I 

263B 

--� 

ov. =-rL_ 
-6 v. 

CR 2 
INPUT 2 

See Note 1. 
Page 4-11 

-6V. 

Figure 4-7 Diode logic OR Circuit 

OUTPUT 

4. b. (2)(a) Here again a zero voltage 
indicates a mark and -6 volts a space. Suppose 
that both inputs are spacing. There is then noth­
ing to cause current flow in Rl. The output ter­
minal remains at -6 volts. If input 1 is made 
marking, CR1 is forward biased. Current flows 
from -6 volts, through R1, through CR1, and out 
input 1. The voltage drop across CR1 is very 
small in this forward-biased condition. The out­
put therefore rises to zero volt. No current 
flows through CR2, which is reverse biased. In­
put 2 therefore remains at -6 volts regardless of 
the potential of input 1. The function table for 
the OR circuit is: 

4-6 

Input 1 Input 2 Output 

s s s 
s M M 
M s M 
M M M 

Like the AND circuit,. the OR circuit may have 
any number of inputs. The output signal is mark­
ing whenever any one or more of the inputs are 
marking. 

4. b. (2}(b) An additional form of diode 
logic circuit, in this case an AND circuit, is 
shown in the following figure. 

--1 0 

.,� 
� INPUT 

0' 

:.JHjj::j:j:j::j::j::J::j:::J::I:lt-11 N PUT 2 

·6V 

INPUT 2 -t 1.5V ' 
+6V l+ . .�v' 

Figure 4-8 Diode Logic AND Circuit (One Diode) 

This AND gate is useful when positive pulses are 
to be gated. C1 and R1 form a differentiating 
circuit which produces positive and negative pul­
ses across R1 in response to the pulse transi­
tions from input 1. When input 2 is returned to 
0 volts, the positive pulses at R1 pass through 
CR1 as long as their amplitude is greater than 
+1. 5 volts. With a 6 volt square wave applied at 
input 1 and input 2 held at 0 volts, the positive 
pulse output will be 4. 5 volts peak. CR1 can be 
biased off for all pulses by making input 2 -6 
volts. For this condition CR1 never becomes 
forward biased and no positive pulses appear 
across the load resistor. 

4. b. (3) Clamp Circuits - A clamp circuit 
is a variation of the preceding diode logic cir­
cuits. One of the inputs is replaced by a fixed 
voltage source. Figure 4-9 

INPUT OUTPUT 

__f[ ov. 

-IOV. 
ov.=rl_ 

-6 v. 

-6V. 
-12 v. 

Figure 4-9 Diode Logic Clamp Circuit 

ORIGINAL 

,., 



( ' 

< "' 

(,, 

( 

In the circuit shown, the input level has some how 
become non-standard; the spacing signal has be­
come -10 volts. It is desired to restore this sig­
nal to standard levels of -6 to zero. 

With no input applied, current flows from -12 
volts, through R1, through forward-biased CR1, 
to -6 volts. Since the voltage drop across for­
ward-biased CR1 is small, the potential of the 
output is -6 volts. When a -10 volt signal is ap­
plied to the input, current flows from the input, 
through R2, through CR1, and back to -6 volts. 
Thus the output remains at -6 volts whenever the 
input is any voltage more negative than -6. When 
the input voltage is somewhat more positive than 
-6, current from the input flows from -12, 
throughR1 and R2, to the input. The input circuit 
effectively "steals" some of the current which 
originally flowed through CRl. When the input 
is sufficiently positive to prevent any current 
flow through CR1, the diode becomes reverse 
biased. The effective circuit is then a simple 
voltage divider composed at R1 and R2. For the 
voltage levels shown, it is assumed that R2 is 
small compared to R1, this allows the output to 
be very nearly 0 volts with a -1 volt input. The 
purpose of R1 is to provide a lead for the cir­
cuit load when CR1 is cutoff. When not required, 
it may be omitted. 

4. b. (3)(a) The output is said to be 
clamped at -6 volts. The output follows input 
voltage variations only when the input voltage is 
more positive than the clamp voltage. If the 
diode polarity were reversed, and the diode and 
R1 were returned to positive voltages, the clamp 
circuit would allow the output voltage to be only 
more negative than the clamp voltage. Two clamp 
circuits might be combined, one clamping to a 
positive voltage and one clamping to a negative 
voltage. The output voltage would then be re­
quired to be somewhere between the clamping 
voltages. Such a double clamp circuit is called 
a clipper. 

4. b. (3)(b) It should be remembered that 
the base-emitter junction of a transistor can act 
as a diode, and thus might become part of a gate 
or clamp circuit. When analyzing transistor cir­
cuits, always be aware of the hidden gates and 
clamps. 

4. c. Binary C ircuits - Binary circuits are a 
class of circuits having essentially "on" and "off" 
properties. In telegraph terminology the on and 
off states are called marking and spacing, re­
spectively. A stable state of a circuit is a con­
dition of specified current flow and voltage levels 
which the circuit can maintain indefinitely so long 
as power is applied. A quasi-stable state re­
sembles a stable state, but cannot be maintained 
indefinitely. Quasi-stable circuit states are often 
used for timing purposes, since they can be made 
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to last for a definite period of time. Binary cir­
cuits are used in multiplex equipment for signal 
storage, for timing, and for frequency division. 
They occur in three forms: (1) Bistable binary 
(flip flop), having two stable states. (2) Mono­
stable binary (univibrator), having one stable 
state and one quasi-stable state, (3) A stable bin­
ary (multivibrator), having two quasi-stable 
states. 

4. c. (1) Triggering is a circuit action 
which causes a binary to switch from one state to 
the other. Triggering is usually accomplished 
by positive input pulses. Regeneration, or posi­
tive beed back, is present in all binaries. It 
causes the circuits to switch rapidly and com­
pletely when triggered. 

4. c. (1)(a) Basic Binary Figure 4-10 

-12 v. -12 v. 

R 2 

�---------------.8 

R 4 

+1.5 v. 

Figure 4-10 Basic Binary 

The circuit shown is the basis of the family of 
binary circuits to be described. As will be shown, 
it is bistable. To understand the operation of 
this circuit, assume that Q1 is conducting into 
saturation. For circuit analysis purposes, a sat­
urated transistor usually can be replaced with a 
short circuit between emitter and collector ter­
minals. Point (a) in the circuit has a potential 
of approximately +1 volt. The potential at point 
(c) is approximately + 1. 2 5 volt. Q2 is therefore 
cutoff biased. Very little current can flow through 
Q2, so that the only current through R2 is about 
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I 2 rna. flowing through R3. The voltage at point 
(b) is therefore -9. 6 volts. Current flowing 
through R2 and R3 into the base of Ql biases Ql 
into saturation. Thus the circuit is stable in this 
condition of current flow. The output terminals 
of the circuit are points (a) and (b). With Ql sat­
urated, point (a) has a voltage of +1 and point (b) 
has a voltage of -9. 6. 

4. c. (l)(b) It will be noted that this cir­
cuit is symmetrical; it may be divided into two 
identical halves. Assume that Q2 is conducting 
to saturation. Following the analysis of the pre­
ceding paragraph, it can be seen that Ql is biased 
to cutoff. Point (a) is at a negative voltage and 
point (b) is slightly positive. This condition is 
just the reverse at that presented in the preceding 
paragraph, and serves to define the second stable 
state of operation. 

4. c. (2) Switching - Referring to the above 
circuit, again assume that Ql is saturated and 
Q2 is cutoff. It is desired to cause the circuit 
to change state. This is done by applying a posi­
tive voltage to point (d). This voltage has the 
effect of bringing Ql out of saturation and reduc­
ing its collector current. This causes the volt­
age at point (a) to become more negative. Aneg­
ative voltage at point (c) biases Q2 toward con­
duction. When Q2 begins to conduct its collector 
current increases, causing point (b) to become 

CR3 

-6V. 

A 

INPUT� ( . I 
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-12 v. 

+ 1.5V. 

more positive. The voltage at point (d) also be­
comes more positive. 

4. c. (2)(a) This is a regenerative action 
-- a positive voltage applied to point (d) caused 
a positive voltage to be fed back to point (d). Even 
if· the positive input is removed, the feed back 
action will cause point (d) to become more and 
more positive and point (c) to become more and 
more negative. This is the switching action in 
progress. When point (c) becomes sufficiently 
negative to saturate Q2 switching action will stop, 
since voltage changes at point (c) can have no 
more effect on the voltage at point (b). The cir­
cuit is then at equilibruim in its stable state rest 
again, but with Q2 saturated and Ql cutoff. Note 
that once switching has been started (by the appli­
cation of a positive voltage to point (d) ), the re­
generative action will cause switching to continue 
to completion even if the input is removed. This 
effect gives the binary circuit its characteristic 
"Toggle-Switch" action. When Q2 is saturated, 
operation analogous to the above with a positive 
input to point (c) will reset the circuit to its for­
mer state with Ql saturated. 

4. b. (2)(b) Switching action as describ­
ed in the previous paragraph makes use of posi­
tive input signals to turn off the "on" transistor 
of a binary pair. Note that the same effect could 
be obtained with negative signals used to turn on 
the "off" transistor of a pair. 

R 2 

CR4 

B 

R 4  

�INPUT 

Figure 4-11 Dual Input Flip Flop with Clamps 
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INPUT 

-12 v. 

-6V. 

+1.5 V, 

Figure 4-12 Single Input Flip Flop 

4. c. (3) Triggering - Triggering opera­
tions with binary circuits consist of applying volt­
ages to cause desired switching actions. For this 
purpose, the two states of binary operation are 
arbitraily designated as mark (or one) and space 
(or zero). A set (or set 1) trigger causes a bin­
ary to switch tO the marking state. A reset (or 
set O) trigger causes the circuit to switch to the 
spacing condition. In the bistable binary (flip 
flop), both set and reset triggers are supplied 
from external sources. In the mono stable binary 
{univibrator), the set trigger is obtained exter­
nally, while reset is automatic after a present 
time interval. Reset triggers may be applied, 
however, if it is desired to reset the circuit be­
fore automatic reset takes place. With a stable 
binary (multivibrator), both set and reset trig­
gers are produced automatically. Multi vibrators 
are not used in the unit and will not be discussed 
further. 

4. c. ( 4) Binary with Separate Set and Re­
Set Inputs Figure 4-11 

It has been shown that once set and reset opera­
tions have begun, they will continue even if input 
signals are removed. In this circuit, the differ­
entiating net works C1-R8 and C2-R9 cause 

ORIGINAL 

steady- state input signals to be changed into pul­
ses. Diodes CR1 and CR2 block negative input 
pulses, which might cause the circuit to switch 
falsely. Diodes CR3 and CR4 clamp the outputs 
to -6 volts. 

4. c. {5) Binary with Combined Set and Re­
set Input Figure 4-12 . 
This circuit, unlike the previous circuit, changes 
state each time an input pulse is received on the 
input line. C1-R8 and C2-R9 are differentiating 
networks. CR1 and CR3 are callep steering di­
odes. There function is to direct a positive input 
pulse to the base of the transistor which is sat­
urated when the pulse is received. When Q1 is 
saturated, CR1 is forward biased and CR2 is re­
verse bia,sed. This is due to the connection of 
RB and R9 to their respective collectors. A posi­
tive input pulse will accordingly appear at the 
base of Q1, causing a switching action to take 
place. The next positive input pulse will find CR2 
reverse biased. Thus the circuit will change state 
at each input pulse. This circuit is useful for 
frequency division. Output signals can be differ­
entiated to obtain pulses. A train of output pulses 
can be obtained from either output. One output 
pulse is produced for every two input pulses. 
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4. d. Ring Counters 

4. d. (1) Description- Ring Counters are 
used for frequency division and signal distribu­
tion. As frequency dividers, they can perform 
division by any integer. Unlike synchronized 
multivibrators used for division, ring counters 
produce no output when no driving signal is pres­
ent. As signal distributors, rings are combined 
with diode logic circuits to perform a function 
similar to that of a rotary switch. 

4. d. (l)(a) A ring counter consists of a 
number of elements, all connected in parallel 
across a source of power. Each element is 
bistable; it can be either "off" or "on". A com­
mon connection to all elements makes it impos­
sible for more than one element in a ring to be 
on at one time. The circuit counts by movement 
of the on state from one element to the next. One 
such movement takes place each time a drive 
pulse is applied. 

4. d. (l)(b) Movement of the on state is 
facilitated by a process called priming. A ring 
element, if not connected in a ring, will turn on 
when power is applied. An element which has 
been primed will turn on faster than one which 
has not. Stepping of a ring is accomplished by 
momentarily interrupting power to all elements 
at the same time. When power is reapplied, any 
element which was primed a short time before 
will turn on· well in advance of unprimed ele­
ments. Through the common connection men­
tioned above. 

4. d. (l)(c) The primed element in turn­
ing on prevents any other elements from turning 
on. Rings are arranged so that any element which 
is on primes the element which is to turn on next. 

4. d. (l)(d) All ring counters in the mul­
tiplex are closed rings. This means that the last 
element primes the first element. Thus in a 3 
element ring, for example, the sequence of ele­
ments turned on is 1, 2, 3, 1, 2, 3, 1, 2, 3, ... 
and so on for as long as drive pulses are sup­
plied. 

4. d. (2) The following figure shows the 
connections of a single ring element. Fig 4-13 
This circuit makes use of a negative resistance 
characteristic found oniy in point contact trans­
istors. The voltage current characteristic of the 
circuit is couble valued. This means that for 
some applied voltages the circuit may draw either 
of two different values of current. The higher 
value of current defines the "on" state, and the 
lower, the "off" state. Bias applied to the cir­
cuit can shift its operating point toward either 
the off or the on state. 

4. d. (2)(a) In the circuit shown, 82 re-
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Figure 4-13 Single Ring Element 

presents the action of the ring drive amplifier. 
During a drive pulse, R3 is returned to -6 volts. 
At all other times it is returned to +6 volts. Sl 
represents the action of the preceding ring ele­
ment shown. Cl is returned to -6 volts if the 
preceding element is off. It is returned to the 
emitter circuit if the preceding element is on. 
The emitters of all transistors in a ring are con­
nected together. Outputs are taken from the col­
lectors of the elements, and are clamped to -6 
volts. 

4. d. (2)(b) When power is initially ap­
plied to a ring, the element having the highest 
combination of leakage current and gain will turn 
on. Current will flow to this element through R3, 
which is common to all elements. The voltage 
drop across R3 will be sufficient to hold all other 
elements off. 

4. d. (2)(c) During a drive pulse, R3 is 
returned to -6 volts. This places the emitters 
and collectors of all transistors at the same volt­
age, so that no current flows. At this time all 
coupling-capacitors corresponding to Cl are re­
turned to -6 volts. If the IX" eceding element had 
been off, Cl would be charged to 12 colts with the 
polarity shown. If the preceding element had been 
on, Cl would be practically discharged. Cl can­
not charge immediately, and so retains practi­
cally its former state of charge or discharge at 
the end of the drive pulse. 
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4. d. {2)(d) If C 1 was initially discharged 
(preceding element on), the base of Q1 will be 
held near -6 volts during and immediately after 
the drive pulse. This biases Q1 in the forward 
direction, and primes this element to turn on as 
soon as the emitter voltage rises above -6. C1 
then charges through R1 and the collector resis­
tor of the preceding element. For the priming 
of C1 to be effective, the drive pulse must end 
before C1 can charge appreciable. The drive 
pulse amplifier which is used with all ring cir­
cuits produces drive pulses which meet this re­
quirement. 

4. d. (2)(e) A detailed description of the 
operation of a comp lete ring counter is contained 
in the Principles of Operation. - 5. i. 

NOTE 

F ORWARD BIAS. REVERSE BIAS. 

4 e. BIAS. Each junction of a transistor can 
be visualized as a diode with polarity deter­
mined by the PN or NP material. If the applied 
voltages at the junction are of a polarity to cause 
current flow, the transistor is forward biased 
and will conduct (usually to saturation). If the 
polarity of the applied voltage is in the opposite 
direction, the transistor is said to be back­
biased and will be non-conducting. Bias condi­
tions are established byvoltage divider networks 
connected to the power supplies. Input pulses 
change these bias conditions to switch or trigger 
the transistor circuiL 

5. TRANSMITTING CODE CONVERTER (CV-
408/UGC-1) (Figures 4-14 thru 4-29 &6-21) 

5.a. GENERAL (Figure 4-29) 

5.a. (1) The transmitting code converter 
accepts start-stop signals from a signal line 
and converts them to multiwire signals. The 
multiwire signals are sent on a parallel six­
wire basis to the multiplexer -demultiplexer. 
See paragraph 3.c.(1) of Section 1. The general 
circuits of the unit are the line relay, range 
control, start-stop oscillator, start-stop dis­
tributor, selection gates, first-level storage, 
transfer gates, second-level storage, and trans­
fer circuits. 

5.a.(2) At the line-relay circuit (Figure 
4-7), start-stop signals from the associated 
transmitting equipment are applied to the coils 
of a mechanical relay. Two outputs are obtained 
from the relay: normal and inverted. The out­
put signal is applied in normal form to the start 
control gate and range control, and in inverted 
form to the signal selection gates. 
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5.a. (3) The range control circuit consists 
of a junction-transistor univibrator. The natural 
period of the univibrator is adjustable by means 
of the RANGE ADJ and is usually set to time 
out during a period equal to half of a signal ele­
ment. The stop-start (mark to space) transi­
tion in the normal signal causes the univibrator 
to operate, and the output is applied to the con­
trol gate. The change in voltage that occurs 

J
i 

upon relaxation of the range control gate un-
· 

clamps the start-stop oscillator. The norm�1 ) 
output of the line relay is connected to the con­
trol gate to insure that the start-stop oscillator 
is unclamped only by start elements which con­
tinue, at least, until the range circuit relaxes. 
Thus false starts due to hits of short duration 
on the input circuit are eliminated. 

1 

� 

5.a.(4) When the start-stop oscillator is 
unclamped, it begins oscillating at a frequency 
whose period is equivalent to that of the tele­
graph input signal (22 milliseconds at 368 opm). 
The oscillator output, after being shaped by the 
squaring amplifier, is used to generate drive 
pulses for firing the elements of the start-stop 
distributor. The start-stop distributor consists 
of a ring of seven point-contact transistors, one 
each for the start element, five code elements 
and the stop element of the start-stop signal. 
The transistors conduct in sequence to perform 
a distributing cycle, the firing of each element 
being controlled by the timed drive pulses. Thus 
the start element of the distributor fires in 
response to the first drive pulse, and the first 
element fires in response to the second drive 
pulse. Each transistor conducts in turn until 
the seventh drive pulse fires the stop element' 
of the start -stop distributor. An output from 
the stop element of the start-stop distributor 
is applied to the control gate. When the stop 
element fires, this voltage passes through the 
control gate and clamps the start -stop oscil­
lator. As a result, no additional drive pulses 
are generated and the start-stop distributor 
comes to rest with the stop element conducting. 
The start-stop oscillator will remain clamped, 
and the stop element of the start -stop distributor 
will remain conducting until the next start pulse ' 
arrives at the line relay. The output of each 
code element of the start-stop distributor is 
applied to a corresponding storage selection 
gate. Outputs from the start and stop elements 
are applied to the transfer and transfer prime 
circuits. 

I 
,& 

5.a. (5) The inverted signal is applied to 
the five storage selection gates. Each gate also 
has a signal applied to it from the corresponding 
code element of the start-stop distributor. Tim­
ing is such that the leading edges of the distrib­
utor's code elements occur at a time determined 
by the delay introduced by the range control. 
This delay, as was mentioned, is normally one-
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half of a code element. The leading edge there­
fore normally occurs at the nominal center of 
the incoming start-stop signal. This leading 
edge is employed to sample the incoming signal. 
Thus for each marking impulse in the start -stop 
input signal, an output pulse is directed from 
the distributor through a storage selection gate 
to the corresponding first level storage element. 

5.a. (6) The first level storage consists of 
five junction-transistor flip-flop circuits, one 
for each of the five code elements of the start­
stop signal. When an output pulse from a selec­
tion gate is received by a storage element, the 
storage element is triggered into an on condi­
L�On. Thus as each start-stop distributor code 
element fires, an impulse is passed to a cor­
responding storage selection gate which will 
turn on the corresponding first level storage 
element if the storage selection gate has been 
primed by the presence of a marking impulse. 
Each marking selection is thus stored in the 
first level storage and is used to condition the 
storage transfer gates. 

5.a.(7) The first level storage release cir­
cuit is operated whenever the start element of 
the start-stop distributor fires. This applies 
a pulse to all first level storage elements simul­
taneously and causes those elements which were 
in an on condition, as a result of the previous 
character, to be turned off and made ready for 
the reception of the next character. 

5.a.(8) The storage transfer gates consist 
of five diode AND gates, one for each code 
>;ul..:>� :n -the start-stop signal. Each gate will 

·� a marking signal applied to it if the cor­
onding first level storage element has been 

gered on. In addition, the output of the trans­
circuit is applied simultaneously to the five 

ansfer gates. Thus a particular transfer gate 
Kill produce an output whenever there is a co­
.ncidence between its corresponding first level 
storage being on and the transfer being on. 
Outputs from these gates are applied directly 
to the first five second level storage elements. 

5.a.(9) The second level storage consists 
of six junction-transistor flip-flop circuits, one 
for each of the five code elements of the start­
stop signal and one for blank indication. When 
an output pulse from a transfer gate is received 
by a storage element, the storage element is 
triggered into an on condition. Thus by means 
of the transfer gates, the first five elements of 
the second level storage are made to turn on in 
the same pattern that was set up in first level 
storage. The sixth second level storage element 
is controlled directly by the output of the trans­
fer circuit and is turned on whenever the trans­
fer fires. Both normal and inverted outputs from 
each element of the second level storage are 
applied simultaneously to the multiplexer matrix. 
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5.a. (10) Before the second level storage 
elements can respond to a new code pattern 
being impressed upon them by the first level 
storage, they must be relieved of the previous 
character. The second -level storage -release 
circuit is operated by a clock pulse which is 
received from the multiplexer unit and inverted 
by the clock inverter. The clock pulse arrives 
at a regular rate just after a stored code pat­
tern has been utilized in the multiplexer unit. 
The storage release circuit applies a pulse to 
all the second -level storage elements simul­
taneously and causes those elements which were 
in an on condition to be turned off. 

5.a.(ll) The transfer circuit is a junction­
transistor circuit capable of operation as either 
a flip-flop or a univibrator. During operation as 
a univibrator the transfer has a fixed relaxation 
period of approximately 0.5 milliseconds. The 
output of the transfer circuit is applied to the 
transfer gates and thereby controls the firing 
of the second level storage. The firing of the 
transfer circuit is controlled by the transfer 
firing gate which will produce an output pulse 
whenever there is coincidence between the out­
put of the clock delay and the output of the trans­
fer prime circuit. The clock delay circuit con­
sists of a junction -transistor univibrator. The 
natural period of the univibrator is fixed to 
normally time out after a period of approxi­
mately 3.0 milliseconds. The clock delay is 
operated by the clock pulse which is received 
from the multiplexer unit. The purpose of the 
clock delay is to permit a short time to elapse 
between the release of the second-level storage 
elements and their subsequent reoperation. The 
transfer prime circuit consists of a junction­
transistor flip-flop. The transfer prime is 
turned on by the firing of the start element of 
the start -stop distributor and is turned off when 
the transfer releases. The purpose of the trans­
fer prime is to prevent the transfer from firing 
more than once per incoming character. The 
transfer normally is turned off by the firing of 
the stop element of the start -stop distributor. 
However, if the transfer should fire while the 
stop element of the start-stop distributor is 
conducting, the transfer will operate as a uni­
vibrator and turn itself off after producing an 
output pulse of approximately 0.5 milliseconds. 

5.a.(12) Because the Multiplex Set is oper­
ating continuously and the start -stop signals 
are being received either randomly or auto­
matically from a distributor operating at a 
slightly slower speed, the transfer circuits 
include a variable synchronizing feature that 
coordinates the two. The Multiplex Set operates 
faster by approximately two per cent (375 opm 
vs. 368 opm, 469 opm vs. 460 opm, or 611.413 
opm vs. 600 opm) so that, for about every 50 
start-stop characters handled on a continuous 
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basis, the Multiplex Set advances one complete 
character. The transfer circuit, accordingly, 
pauses at this time and permits a completely 
idle signal to be inserted. The second-level 
storage elements fire individually or collec­
tively depending upon the instantaneous phase 
relationships between the clock pulse and the 
start -stop distributor. When the clock-delay 
transition occurs during the stop element inter­
val of the start-stop distributor cycle1 the sec­
ond -level storage elements fire collectively. 
As each succeeding clock pulse arrives earlier 
and earlier in the start-stop distributor cycle, 
the number of second-level storage elements 
firing collectively will decrease and the num­
ber of storage elements firing individually will 
increase. This will continue until the clock 
pulse begins arriving during the start element 
interval of the start -stop distributor. At this 
time the second-level storage elements will fire 
individually as the elements are selected by the 
start -stop distributor. The first clock delay 
transition that occurs during the stop-element 
interval will find that the transfer prime has 
not yet been turned off. As a result, the trans­
fer does not fire, and an idle blank is inserted 
in the multiplex signal. The next clock pulse 
which arrives will find the transfer prime off. 
It will operate the transfer and cause the sec­
ond-level storage elements to fire simultan­
eously. 

5.a.(13) The clock delay circuit, in addition 
to permitting a short time to elapse between 
the release and refiring of the second -level 
storage elements, also provides safe operating 
margins when the firing of the transfer occurs 
late in the stop element interval of the start­
stop distributor. This condition exists for 
several characters following the insertion of 
the blank. The relaxation period of the clock 
delay univibrator is gradually increased from 
approximately 3.0 milliseconds to 6.0 milli­
seconds just prior to the insertion of the blank. 
Then, immediately following the insertion of 
the blank, the relaxation period of the clock de­
lay is instantly restored to its normal 3. 0 mil­
liseconds delay. The short transfer pulse is 
advanced by approximately 3. 0 milliseconds and 
prevents the possible loss of a character in the 
first -level storage. Otherwise, the character 
could be lost if a start-stop signal arrived 
earlier than usual and caused a premature re­
lease of the first-level storage. 

5.a. (14) For the detailed treatment of the 
circuits and their operation that follows, refer 
to the complete schematic wiring diagram of 
Figure 6-21 and the timing diagram of Figure 
4-30 in addition to the illustrations indicated in 
the text. 

5.b. LINE RELAY - Neutral start-stop input 
signals are applied through terminals U and V 
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of connector J911 to the windings of line re­
lay K900. 

20 ma. operation: Two windings in series 

60 rna. operation: One winding only (termi-
nals 7 and 8) 

This relay is a hermetically sealed relay with 
mercury wetted contacts. The armature is 
mechanically biased to the spacing side. In the 
marking condition, the windings are energized 
and the armature makes on the marking termi­
nal and supplies -6 volts to R914. With a spac­
ing signal (zero current) the armature returns 
to the spacing terminal and supplies -6 volts to 
this terminal. Thus the input start-stop signal 
is applied in normal form (-6 volts, space) to 
the start control gate and range control uni­
vibrator and in inverted form ( -6 volts, mark) 
to the signal selection gates. 

5.c. RANGE CONTROL' (Figure 4-14) 

5.c.(1) Transistors Q900, Q901 and Q902 
comprise a univibrator circuit. Q901 is normal­
ly conducting and Q902 is cut off. Q900 is a 
buffer amplifier in the feedback circuit between 
Q902 and Q901. The univibrator receives its 
drive through C901 and R912 which are connec­
ted to the base of Q902 and CR906, CR907 and 
R917. 
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Figure 4-14 Range Control 
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5.c.(2) CR906, CR907 and R917 combine to 
form a gate, which is driven by the normal input 
signal, and the stop element of the start-stop 
distributor. With a steady mark on the input 
line and the stop element of the start -stop dis­
tributor fired, the potential applied to CR906 
and CR907 is 0 voltage. The potential at their 
junction and R917 is therefore also 0 voltage. 
Receipt of a space causes -6 volts to be applied 
to CR906, driving the junction of CR906, CR907 
and R917 to -6 volts. This negative going tran­
sition is passed through C901 and R912 to the 
base of Q902. The base, going negative with 
respect to the emitter, creates a forward bias 
and fires Q902. 

5.c. (3) The collector of Q902 rises from 
-6 volts to 0 voltage. This signal is passed 
through Q900 (an emitter-follower), R907 (range 
control potentiometer), R906 and C900 to the 
base of Q901 and turns Q901 off. The range 
control univibrator now times out a signal de­
termined by the charging time of C900. The 
charging time, and thus the period of the uni­
vibrator may be varied by the setting of range 
control potentiometer R907. The normal setting 
will cause the univibrator to time out at the 
middle of the start pulse. 

5.c.(4) Firing of the range control univi­
brator initiates a start-stop c·ycle, the first 
pulse of which turns off the stop element and 
fires the start element of the start-stop dis­
tributor. A -6 volt potential is therefore ap­
plied to CR907 and holds the junction of CR907, 
CR906 and R917 to -6 volts for the remainder 
of the cycle. Consequently, mark-space transi­
tions following the initial stop -start transition 
will not cycle the range control univibrator. 
Space-mark transitions are blocked by CR906. 
The output of the range control univibrator, a 
positive going signal, is applied to CR904 of the 
start -control gate. 

5.d. START-CONTROL GATE (Figure 4-15) 

5.d.(1) CR904, CR905 and R918 form an 
AND gate having as inputs the normal signal 
and the range control univibrator output. Nor­
mally with line current (marking), 0 voltage 
appears at CR905 due to the voltage-divider 
action of R913 and R918. A negative 6 volts 
appears at CR904 since it is connected to the 
collector of Q902. The diodes are polarized 
such that the potential at their junction will be 
that of the most positive input, or 0 voltage. 
This voltage is applied to CR908 which com­
bines with CR909 and R922 to form a second 
AND gate. 

5.d.(2) CR909 is connected to the stop ele­
ment of the start -stop distributor, which is as­
sumed to be conducting, and 0 voltage is applied 
to CR909. CR908 and CR909 are polarized such 

4-14 

2638 

that they will conduct when any signal is applied 
more negative than the voltage at their junction. 
Both diodes are therefore non-conductive. In 
this condition, current flows through R922 and 
R923 to the base of Q903, saturating that stage 
and holding the start-stop oscillator clamped. 

5.d.(3) Receipt of a start pulse at the line 
relay drives Q902 into saturation and 0 voltage 
appears at its collector. A negative six volt 
signal also appears at CR905. The junction of 
CR904 and CR905 remains at 0 voltage. When 
the range control univibrator times out, however, 
inputs at both CR904 and CR905 will be -6 volts 
which permits the voltage at their junction to go 
to -6 volts. This voltage is applied to CR908, 
which conducts and draws the junction of CR908 
and CR909 to -6 volts. Q903 is then driven into 
cutoff and the start -stop oscillator is unclamped 
to complete a cycle. Operation of the start­
stop oscillator steps the start -stop distributor. 
The first drive pulse generated by the oscillator 
turns off the stop element, fires the start ele­
ment of the distributor and causes a -6 volt 
potential to be applied to CR909. The oscilla­
tor therefore remains unclamped until the stop 
element of the start -stop distributor next fires. 

5.e. START-STOP OSCILLATOR CONTROL 
AMPLIFIER AND CLAMP (Figure 4-15 

As mentioned above, when Q903 is saturated, 
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the start-stop oscillator is clamped and, when 
Q903 is cut off, the oscillator is unclamped. 
With Q903 saturated, -6 volts appears at the 
collector. This potential is applied through R926 
to the base of Q904. Bias current flows and 
Q904 becomes saturated and 0 voltage appears 
at the collector. This voltage is applied through 
clamp-adjust potentiometer R920, to the junction 
of CR910 and CR911. 

5.f. START-STOP OSCILLATOR (Figure 
4- 16) 

5.f. (1) Q905 is a sine wave oscillator which 
is turned on or off by Q904. Q905 is connected 
as a Hartley oscillator with the output taken 
from its emitter. The switch permits changing 
the capacity of the tuned circuit to match dif­
ferent wpm operation. For example, at 60 wpm 
a single pulse (mark or space) is 22 millisec­
onds long. L900, C902A and C902B, connected 
in parallel, constitute a tuned circuit which is 
adjusted to produce a sine wave with a fre­
quency of 45.45 cycles per second and a cycle 
duration of 22 milliseconds. 

5.f.(2) With Q904 conducting, current flows 
through Q904 emitter, R920 collector, CR911 
and R921 to the -6 volt supply. CR910 clamps 
the base of Q905 to the junction of R920 and 
CR911, preventing any variations in the base 
voltage of Q905, holding a charge on C902, and 
preventing any oscillations from occurring. 

5.f. (3) R920 permits adjusting the base 
voltage of Q905 to any value between 0 and about 
-4 volts. This, in turn, determines the current 
through L900 in the idle condition. During the 
idle condition, the emitter of Q905 is at -6 volts 
so that no current is flowing in the feedback 
circuit consisting of the -6 volt supply, the 
lower section of L900, R937 and R939 (in paral­
lel), R936, emitter to collector of Q905, and the 
-12 volt supply. 

5.f.(4) As soon as Q904 is cut off, its col­
lector goes to -12 volts, back biasing CR910 
and unclamping the base of Q905. Current 
through L900 starts to decrease, the voltage 
across it decreases, C902 discharges, and the 
base begins to go more negative. This biases 
Q905 and increases conduction, and the emitter 
goes more negative. Current begins to flow 
through the feedback circuit, and through a cir­
cuit in parallel with the lower section of L900, 
namely, from the -6 volt supply, through C902, 
through section 1-3 of L900 and through the rest 
of the feedback circuit. This action continues 
until C902 discharges completely and becomes 
charged in the opposite direction to the same 
voltage as that across the lower section of L900. 
At this point, current in L900 is zero, and the 
emitter voltage of Q905 is about -10 volts (with 
proper setting of R936). 
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5.f. (5) C902 now begins to discharge, and 
the base begins to go less negative, decreasing 
conduction in Q905. The reverse of the previ­
ous action now takes place. Conduction through 
Q905 decreases and the emitter voltage in­
creases. This results in a current through the 
feedback circuit in a direction opposite to the 
previous direction, and C902 is charged in the 
new direction. As a result of this continued ac­
tion, a sine -wave oscillation occurs with fre­
quency determined by L and C. When Q904 turns 
on again, base voltage of Q905 is clamped and 
the oscillation stops. 

5.g. SQUARING AND DRIVE AMPLIFIERS 
(Figure 4-17) 

5.g.(1) Transistors Q906 and Q907 com­
prise a squaring amplifier. With the start -stop 
oscillator clamped, -5 volts appears at its emit­
ter. This potential is sufficient to drive Q906 
into saturation, the emitter having been returned 
to -6 volts. With Q906 saturated, -6 volts ap­
pears at the collector and, when applied to the 
base of Q907, saturates that transistor. 

5.g.(2) The first half-cycle generated by 
the start-stop oscillator is always negative­
going and drives Q906 into cutoff. Then, one 
half cycle later, as the oscillator swings posi­
tive, Q906 conducts into saturation and draws 
Q907 into saturation. A feedback current through 
R935 aids in squaring the wave form at the col-
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lector of Q906. The output of Q906 is applied 
to the base of Q908. 

5.h. DISTRIBUTOR DRIVE (Figure 4-17} 

5.h.(1) The output of the squaring ampli­
fier is applied to a pulse -generating circuit 
consisting of C903, CR914 and L901. C903 and 
L901 form a resonant circuit which is shock 
excited into oscillation by each positive-going 
leading edge of the squaring amplifier output. 
CR914 clamps the oscillation after the first 
half -cycle. The result is an output pulse ap­
proximately 4 volts in magnitude and 7 micro­
seconds in width. This positive pulse is coupled 
by means of C904 to the base of drive amplifier 
transistor Q908. Q908 is connected as a com­
mon emitter amplifier and is normally conduct­
ing, with its collector at +6 volts, as a result of 
the negative bias supplied by R940 and R943. 

5.h. (2) The positive pulse applied to the 
base of Q908 drives the transistor into cutoff for 
the duration of the pulse. This output from the 
collector of Q908 is a series of 7 microsecond 
drive pulses swinging from approximately +6 
volts to -6 volts. These drive pulses are ap­
plied to the start-stop distributor through R942. 
C927, C928, CR913 and CR915 eliminate noise 
on the +6 volt and +1. 5 volt power supplies and 
on the incoming drive signal. 
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Figure 4-18 Start - Stop Distributor 

5.i. START-STOP DISTRIBUTOR (Figure 
4-18) 

5.i.(1) Point-contact type transistors Q909 
through Q915 inclusivoe are connected to form a 
ring distributor. The start -stop distributor 
ring consists of seven elements, one each for 
the start elem ent, the five code elements, and 
the stop element of the start-stop signal. 

5.i. (2) The negative -resistance property 
of point-contact transistors is used in which two 
stable states, on and off, of a single transistor 
element form the basic sequential switching 
functions. The on state is defined as the state 
of heavy conduction in which the transistor is 
passing about 16 milliamperes through the col­
lector. The off state is that in which the trans­
istor is in a high resistance state. In the off 
state the emitter is biased negative and the 
emitter current is practically zero. 

5.i. (3) With reference to the start -stop 
distributor circuit, it will be noted that all 
emitters of transistors Q909 through Q915 are 
connected to a common emitter load resistance 
R942 which is connected to the positive 6 volt bus 
through the drive amplifier Q908. Q908 is nor­
mally biased into saturation so that the collec­
tor -to -emitter potential is essentially zero. 
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From a static viewpoint, as collector potential 
is applied to the ring transistors, one transistor 
will turn on. The unit having the lowest collec­
tor-to-base resistance (highest current gain) 
will turn on initially since that particular base 
reaches an on bias first. The current through 
the transistor divides between the base and 
emitter load approximately according to the 
current gain of the transistor. In case of a cur­
rent gain of two the current divides equally 
with 8 milliamperes in the emitter and 8 mil­
liamperes in the base. A bias potential of -4 
volts is applied to the off transistor emitters 
and holds them in the off state. The collector 
to ground on voltage is approximately 0, and 
the off voltage is -6 maintained by clamp diodes 
CR916 to CR922. 

5.i. (4) The dynamic action of the ring may 
now be described. As mentioned above, negative­
going drive pips of approximately 7 microsec­
onds in duration and of 12 volts amplitude are 
applied to the common emitter bus through 
R942. Each of these drive pulses will turn off 
the conducting ring element. The collector po­
tential of that element swings sharply negative 
and generates a charging current through the 
capacitor (C905 through C911) connected to the 
base of the following transistor. This charging 
current generates a negative voltage which, 
applied to the following base, primes the stage. 
At the end of the 7 microsecond switching peri­
od, the primed transistor will turn on. In this 
manner, each stage of the distributor will be 
fired in turn. Each stage will prime the-next 
when the negative 12 volt pulse is applied, and 
the primed stage fires when the 12 volt pulse 
ends. 

5.i.(5) The output is taken at the collector. 
The output of Q909 is applied to the first -level 
release amplifier Q916. Outputs of Q910 to 
Q914 are applied to the storage selection gates. 
An output from Q915 is applied to the start­
control gate and transfer circuit. 

5.j. STORAGE SELECTION GATES 

5.j. (1) The storage selection gates consist 
of five identical transistor AND gates, one for 
each cod� pulse in the start -stop signal. The 
output of the corresponding code element of the 
start -stop distributor is applied to the emitter 
of Q927 through capacitor C920. The signal is 
applied to the base of Q927 through R1001. 

5.j. (2) Initially, the emitter potential of 
Q927 is held at -6 volts by the potential applied 
through R1003. The common base lead is con­
nected to the junction of R914 and R916. R914 
is connected to the line relay, and R916 is con­
nected to the +6 volt supply. The base potential 
of Q927 may, therefore, be -5 volts or +6 volts 
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depending on the condition present at the line 
relay. Since the emitter of Q927 is connected 
to a -6 volt potential, Q927 is normally non­
conducting. A -12 volts appears at the collector 
through R1002 at this time. 

5.j. (3) As each element of the start -stop dis­
tributor fires, however, a positive going tran­
sient is applied to the corresponding emitter 
connection of Q927. These pulses are +6 volts 
in amplitude. If the voltage present at the base 
of Q927 is -5 signifying a mark, Q927 will satur­
ate and a positive -going 12 volt spike will appear 
at the collector. On the other hand, providing 
the potential at the base is +6 volts signifying a 
space, the emitter will remain more negative 
than the base even with the positive going spike 
impressed, and the transistor will not conduct. 
As each element of the start-stop distributor 
conducts, a pulse is generated at the correspond­
ing collector of Q927 whenever a mark is pres­
ent in the incoming start -stop signal. The out­
put of each gate is applied to a corresponding 
first-level flip-flop. 

5.k. FIRST LEVEL STORAGE AND FIRST 
LEVEL RELEASE AMPLIFIER (Fig­
ure 4- 19) 

5.k. (1) The first level storage consists of 
five identical junction-transistor flip-flops, one 
for each code pulse in the start -stop signal. 
These flip-flops are formed by transistors 

+ 15V 

Figure 4-19. Flip-Flop 
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Q928-1 through Q928-5 and Q929-1 through 
Q929 -5, with Q928 normally conducting. Q928 
is switched by a positive pulse applied to its 
base through C921 from the storage selection 
gates. The output from the collector of Q929 
swings from -6 volts to 0 voltage and is applied 
to the corresponding storage transfer gate. 

5.k. (2) First -level release -amplifier trans­
istor Q916 is connected as a common collector 
amplifier and isolates its start -stop distributor 
input from the first-level storage. The output 
of Q916 swings from -6 to 0 voltage and is ap­
plied to each first-level storage flip-flop where 
it is sharply differentiated by C922. Only the 
positive pulse is passed by CR940 and applied 
to the base of Q929. This positive pulse trig­
gers the flip-flop and causes Q929 to cut off and 
Q928 to conduct. Thus the flip-flop is reset to 
its normal condition. The first-level release 
amplifier also supplies a pulse which is applied 
to the transfer prime circuit. 

5.1. STORAGE TRANSFER GATES - The 
storage-transfer gates consist of five identical 
AND gates, one for each code pulse in the start­
stop signal. These gates are formed by diodes 
CR941-1 through CR941.:.5 and CR942-l through 
CR942-5 and resistor R1013-l through R1013-5. 
The output of the transfer amplifier Q923 and 
the output of the corresponding storage element 
of the first-level storage are applied as inputs 
to each gate. When both inputs are 0 voltage, 
the output of the gate will be 0 voltage. How­
ever, if either output is -6 volts, the output of 
the gate will be -6 volts. The output of each 
gate is applied to a corresponding second -level 
storage flip-flop. 

5.m. SECOND LEVEL STORAGE (Figure 
4-20) 

5.m. (1) The second-level storage consists 
of six identical junction -transistor flip -flops, 
one for each code pulse in the start -stop signal 
and one for blank indication. The first five 
flip-flops are formed by transistors Q930-l 
through Q930-5 and Q931-lthrough Q931-5 with 
Q930 normally conducting. CR943 passes only 
the positive signal transition from the storage 
transfer gate output to C923 where it is sharply 
differentiated into a positive impulse. This 
impulse is applied to the base of Q930 and trig­
gers the flip-flop by causing Q930 to cut off and 
Q931 to conduct. The output from the collectors 
of Q931-1 through Q931-5 swing from -6 to 0 
voltage and are applied to the multiplexer unit 
through terminals T, U and V of J910 and ter­
minals A and B of J911. The outputs from the 
collectors of Q930-1 through Q930-5 swing from 
0 to -6 volts and are applied to the multiplexer 
unit through terminals D, E, H, J and N of con­
nector J911. 
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Figure 4-20. Second-Level Storage 

TO CLOCK 
INVERTER 

5.m.(2) The no. 6 flip-flop in the second­
level storage consists of transistors Q932 and 
Q933 with Q932 normally conducting. The out­
put of the transfer amplifier Q923 is applied to 
CR948 which passes only the positive signal 
transition to C925 where it is differentiated 
into a positive pulse. This pulse is applied to 
the base of Q932, triggering the flip-flop and 
causing Q932 to cut off and Q933 to conduct. 
The output from the collector of Q933 swings 
from -6 to 0 voltage and is applied to the mul­
tiplexer unit through terminal P of J911. The 
output from the collector of Q932 swings from 
0 to -6 volts and is applied to the multiplexer 
through terminal R of J911. 

5.m.(3) The second-level storage is reset 
by a signal supplied by the clock-inverter trans­
istor Q926. This transistor is normally biased 
into cutoff by a +2 volt potential at the base de­
veloped by divider R998 and R997. The clock 
input from the multiplexer unit is applied through 
C919 to the base of Q926. The signal is differ­
entiated by C919, the negative-going transition 
of which, when applied to the base of Q926, 
drives that stage into saturation. A positive­
going spike is therefore generated at the col­
lector of Q926 and is applied to the second 
level storage to reset any conducting elements. 
It is also applied to the clock-delay circuit as 
explained below. 

ORIGINAL 

·� 

��·· I . 
, .  . 

)m 
'.:., 

,.) 



( 

(' 

( 

(c, 

5.n. CLOCK DELAY CffiCUIT 

5.n.(1) The clock delay transistors Q924 
and Q925 comprise a univibrator circuit. Q924 
is normally conducting and Q925 is normally cut 
off. The clock-delay circuit is driven from a 
signal supplied by the clock inverter. The pulse 
is applied to the base of Q924 , triggering the 
univibrator and causing Q924 to cut off and Q92 5 
to conduct. After a timed interval, determined 
by the fixed time constant of C918, R995, R989 
and R988 and the variable voltage applied to 
R989, the circuit switches back to its stable 
condition with Q924 conducting. 

5.n.(2) The inverted output of the transfer 
prime circuit is applied to R989 and controls 
the time delay produced by the clock delay 
univibrator. Thus, when the voltage applied to 
R989 from the collector of Q917 is -6 volts, the 
univibrator will time out an interval of approx­
imately 3 milliseconds. When the voltage ap­
plied to R989 is 0, the univibrator will time out 
an interval of approximately 6 milliseconds. 
The output from the collector of Q924 swings 
from 0 to -6 volts and is applied to the emitter 
of the transfer firing gate through C916. 

5.o. TRANSFER FIRING GATE 

5.o.(1) The transfer firing gate operates 
in a manner identical to the storage -selection 
gates described previously. Transistor Q919 
is normally biased to cutoff by a -6 volts applied 
to the emitter through R972. The base is con­
nected through R970 to the collector of transfer 
prime transistor Q917. When 0 voltage is pres­
ent at the base of Q919, signifying that the 
transfer prime circuit has not been fired, no 
output can be generated by a differentiated posi­
tive -going pulse applied at the emitter since the 
emitter is a full 6 volts more negative than the 
base. 

5.o.(2) On the other hand, when the base 
of Q919 is at -6 volts, signifying that the trans­
fer prime circuit has been fired, a positive­
going pulse applied at the emitter will be passed 
and present at the collector of Q919. The posi­
tive -going pulse at the emitter is supplied 
through C916 which differentiates the negative­
going square wave supplied by the clock delay. 
The positive-going pulse generated by the trans­
fer firing gate is applied to the transfer circuit 
through C914. 

5.p. TRANSFER 

5.p. (1) Transfer transistors Q920, Q921, 
Q922 and Q923 comprise a circuit capable of 
operation as either a flip-flop or a univibrator. 
Q920 is normally conducting and Q921 is nor­
mally cut off. The output of the transfer firing 
gate, and the output of the stop element, Q915, 
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of the start -stop distributor are applied as in­
puts to the transfer circuit. When the stop 
element Q915 is conducting (collector at 0 
voltage) Q922 is biased into cutoff by the volt­
age developed at the junction of R984 and R985. 
In this condition, cross coupling from the col­
lector of Q920 to the base of Q921 is via C915 
and R979. Thus the circuit functions as a uni­
vibrator. 

5.p.(2) If, on the other hand, Q915 is non­
conducting, Q922 is saturated and receiving bias 
current through R985 from the -6 volt potential 
present at the collector of Q915. In this condi­
tion, an additional cross -coupling circuit is 
available from the collector of Q920 through 
R977, Q922 and R981 to the base of Q921. The 
circuit is stable in each of its two states and 
will function as a flip-flop. Thus, when a posi­
tive pulse is applied to the base of Q920 through 
C914 , the circuit triggers and causes Q920 to 
cut off and Q921 to conduct. The circuit will 
either reset after a time out interval, or will 
remain in the set condition until the stop ele­
ment of the start -stop distributor next fires at 
which time the circuit will be reset. 

5.p. (3) The output of the transfer is applied 
to a common collector -buffer amplifier Q923 
and thence to the storage transfer gates. Q923 
serves to isolate the transfer from the storage 
transfer gates. 

5.q. TRANSFER PRIME - Transfer prime 
transistors Q917 and Q918 comprise a standard 
flip-flop. Q917 is normally conducting and 
Q918 is normally cut off. The output of the first­
level release amplifier Q916 is applied to C912 
and CR923 which passes only the positive sig­
nal transition to the base of Q917. Q917 is 
triggered and forcesQ917 to cut off and Q918 to 
saturate. The output, taken at the collector of 

Q917, is applied to the transfer firing gate and 
to the clock delay circuit. The transfer prime 
flip-flop is returned to its normal condition by 
the inverted output of the transfer applied to the 
base of Q918 through C913. 

6. MULTIPLEXER-DEMULTIPLEXER (TD-
134/UGC-1) (Figures 4-21, 4-31 & 6-29) 

6.a. GENERAL (Figure 4-31) 

6.a.(1) In theTransmitting Group, the mul­
tiplexer-demultiplexer accepts multiwire sig­
nals from the transmitting code converters and 
combines them into multiplex signals which it 
supplies to the output amplifiers. See para­
graph 3.c.(2) of Section 1. In the Receiving 
Group, this unit accepts multiplex signals from 
the synchronizer amplifier and furnishes multi­
wire signals to the receiving code converters. 

6.a.(2) The general circuits of the multi­
plexer-demultiplexer are diVider no. 2, diVider 
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no. 3, divider no. 4, signal distributor (divider 
no. 5), channel distributor (divider no. 6), di­
vider no. 7, signal matrix and signal sampling 
pulse gate. 

6.a. (3) The dividers and distributors are 
transistor ring circuits that function in a man­
ner similar to the start-stop distributor of the 
transmitting code converter. Associated with 
each ring is a drive circuit similar to the 
start -stop distributor drive. 

6.a. (4) Dividers 2, 3 and 4 are used almost 
exclusively for frequency division. The output 
frequencies of these rings are shown in Table 4 
of Section 1. The signal and channel distrib­
utors are used to distribute the incoming or 
outgoing multiplex signal. Divider no. 7 is used 
as a frequency divider to provide an output for 
use with associated auxiliary equipment. Cer­
tain elements of rings 2 and 3 and the channel 
distributor are connected through switches to 
change the number of elements in the ring and 
thus provide the correct output frequency for a 
gU.ven speed and channel position. 

6.a. (5) Input drive pulses are coupled to 
the distributor drive circuit associated with 
divider no. 2. These input pulses are originated 
at the crystal-oscillator subpanel located in the 
power supply. Ring dividers 2, 3 and 4 reduce 
the pulse frequency to a rate required by the 
signal distributor. The signal distributor, in 
turn, drives the channel distributor. Outputs 
from the signal and channel distributors are 
applied to the signal matrix. 

6.a. (6) The signal matrix consists of 24 
similar groups of 4 diodes and a load resistO.f, 
connected in an AND -OR gating configuration 
called a star. 

6.a. (7) As a multiplexer (transmitting func­
tion) the matrix is operated as follows. Each 
star is operated as an AND gate which is primed 
from three sources : the signal received from 
the converters, the signal distributor and the 
channel distributor. All three must be present 
(0 voltage) simultaneously to produce an output 
signal. The fourth diode in each group is con­
nected in common with all corresponding diodes 
so that a 24-element OR-type gate results which 
will accept a signal from any one of the 24 diode 
groups. 

6.a. (8) Signals from respective channel 
code converters in the form of d.c. voltages 
(O to -6 volts) are introduced into the matrix 
through diodes labeled Al, A2,---A6; Bl, B2,--­
B6 and so on. These signals are read by the 
appropriate signal and channel distributors 
which sample each converter second -level stor­
age flip-flop (24 in all for 4 channel operation) 
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and generate the multiplex signal. The multi­
plex signal is supplied as normal and inverted 
signals and is applied to the output amplifier 
drawer. 

6.a. (9) The multiplex signal generated in 
the matrix must be assembled with certain 
pulses inverted (mark for space) in order to 
provide transitions during an idle signal period. 
These transitions are necessary for synchron­
izing purposes. Elements 2, 3 and 4 of channel 
A plus all of channels C and D are inverted for 
this purpose. Since each converter supplies 
both a normal and inverted output, the proper 
output is connected to the proper matrix diode. 
Thus, inverted outputs are connected to A2, A3, 
A4 and all of C and D. 

6.a.(10) As a demultiplexer (receiving func­
tion) the matrix functions as follows : Multi­
plexer signals are received from the synchron­
izer-amplifier unit. These signals are con­
nected through the signal polarity switch and 
applied to the matrix on two wires. One wire 
carries the normal signal, and the other car­
ries the inverted signal. Each wire is connect­
ed to the appropriate diode to compensate for 
the inversions in the transmitted multiplex 
signal. Signals which have been inverted at the 
transmitter will appear on the inverted signal 
lead, and signals which were not inverted 
appear on the normal signal lead. The signal 
and channel distributors at the demultiplexer 
perform functions complementary to those of 
the multiplexer. The distributors, by sampling 
each of the 24 stars in turn, separate the in­
formation contained in the multiplex signal and 
route it to the proper code converter through 
diodes Al, A2,---A6; Bl, B2, etc. 

6.a. (11) The sampling pulse gate is used 
at the receive terminal only. Element no. 4 of 
the divider no. 4 (a seven element divider) is 
gated with element 2 of divider no. 3 to create 
a narrow pulse of the order of 1 millisecond. 
This pulse occurs at the nominal center of each 
incoming multiplex signal element, and is used 
by the synchronizer-amplifier as a sampling 
pulse to sample the incoming signal. 

6.a.(12) When the multiplex is used with 
auxiliary equipment, the no. 6 output from di­
vider no. 4 is employed for signal sampling. 
This output is therefore available at one of the 
connectors. 

6.a.(l3) An output from the A6 matrix star 
is also required at the receive terminal for use 
with auxiliary equipment and is provided. 

6.a. (14) To detect phase relationships be­
tween the incoming signal and the local drive, 
additional phase lead and phase lag outputs are 
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required. Two OR gates, one of which gates 
elements 1, 2, 3 and 4 (phase lag) of divider 4 
and the other of which gates elements 5, 6 and 7 
(phase lead) of divider 4, are employed to gen­
erate these signals. 

6.a.(15) A circuit is provided for monitor­
ing ope ration of the channe 1 distributor by means 
of a milliameter. 

6.a.(16) For the detailed treatment of cir­
cuits and their operation which follows, refer to 
the schematic wiring diagram of Figure6-29 in 
addition to the illustration referred to in the text. 

C500 

DRIVE INPUT4 )1-
0.00' 

••v 

-6V -611 

L500 

5MH 

+1.5V 

OUTPUT TO EMITTER<, OF 

OIVlOER CIRCUIT 

Figure 4-21• Drive Circuit for Divider No. 2 

6.b. DIVIDER NO. 2 AND DRIVE (Figure 
4-21) 

6.b.(1) Drive pulses, varying from -6 to 0 
voltage are divided down from the crystal oscil­
lator frequency and supplied to the divider no. 2 
drive amplifier. By means of divider no. 2, the 
input drive-pulse frequency is decreased by a 
factor of 3, 4 or 5. The frequency of the drive 
pulses into divider no. 2 are: 

WPM 
60 
75 

100 
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Frequency - CPS 
15,750 
15,750 
15,407.6 
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6.b.(2) The input to the drive circuit is a 
positive-going square wave (-6 to 0 voltage) 
obtained from the crystal oscillator binary. 
When the square wave is applied to the circuit 
consisting of C 500 in series with L500, a brief 
current flows a nd a voltage pulse is developed 
across L500. This pulse gradually decays to 
zero as the current through the circuit consist­
ing ofL500 shunted by CR500 decreases to zero. 
When the input square wave goes negative, C500 
discharges, but the presence of CR500 shunting 
L500 prevents the reverse flow of current 
through L500. The junction between R500 and 
CR502 is clamped to approximately +1. 5 volts 
by CR502. Therefore, the bottom 1. 5 volts of 
the pulse developed across L500 is removed 
resulting in an output pulse approximately 4 
volts in magnitude and 7 microseconds in width. 

6.b.(3) C500 and L500 may also be viewed 
as a resonant circuit that is shock excited by the 
square wave input; CR500 clamps the output at 
zero after the first half-cycle. CR501 blocks 
current flow from the 1. 5 volt supply through 
L500 to ground. The output pulse is coupled by 
C501 to the base of drive-amplifier transistor 
Q500. Q500 is connected to a common emitter 
amplifier and is normally conducting. The col­
lector is at approximately +6 volts, and CR503 
clamps the junction of R501 and R502 to +6 volts 
also. The positive pulse applied to the base of 
Q500 drives the transistor into cutoff for the 
duration of the pulse. The output, taken from 
the collector of Q500, is thus a series of 7 m�­
crosecond pulses swinging from approximately 
+6 volts to -6 volts. 

6.b. (4) These pulses are applied to the ring 
circuit of divider no. 2, each pulse causing the 
conducting element to cut off and the next ele­
ment to conduct. The action is identical to that 
of the start-stop distributor described in para­
graph 5.i. of this section. The switching ar­
rangement provides a frequency division of 
three (position 3), four (position 2) or five (posi­
tion 1). Operating the switch merely changes 
the number of transistors in the ring. 

6 .b. (5) The collector output of each element 
of the divider is a 7 volt pulse varying in poten­
tial from -6 to +1 volt. Output from the collec­
tor of Q501 is fed into C507 and is the input to 
the drive amplifier for divider no. 3. 

6.c. DIVIDER NO.3 AND DRIVE 

6.c.(1) Seven volt input drive pulses are 
obtained from the collector of Q501 and vary in 
potential from -6 to +1 volt. The method of 
operation of divider no. 3 and drive is similar 
to operation of divider no. 2 and drive. 

6.c.(2) A portion of the channel selection 
switch 8502 is located in the circuitry of the 
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divider. The switch permits equipment opera­
tion in two, three or four channels. Position 1 
of the switch (two channel operation) utilizes the 
six elements of the divider. Position 2 of the 
switch (three channel operation) utilizes four 
elements of the divider and eliminates Q511 and 
Q512. Position 3 of the switch (four channel 
operation) utilizes three elements of the divider 
and eliminates Q510, Q511 and Q512 from the 
divider. 

6.c.(3) The collector output of each element 
of the divider is a +7 volt pulse varying from -6 
volts to +1 volt. 

6.d. DIVIDER NO. 4 AND DRIVE 

6.d. (1) Seven volt input drive pulses from 
the collector of Q507 are brought into C 515 and 
is the input for the drive amplifier of divider 
no. 4. Operating characteristics are the same 
as the preceding divider circuits. 

6.d. (2) The collector output of each element 
of the divider is a +7 volt pulse varying from -6 
volts to +1 volt. 

6.e. SIGNAL DISTRIBUTOR AND DRIVE 

6.e. (1) Seven volt input drive pulses are 
obtained from the collector of Q514 and vary 
from -6 to +1 volt. These pulses are applied 
through diode CR538 to capacitor C524 which 
couples the pulse to the ringing circuit of the 
drive. In addition, drive pulses are supplied 
through diode CR542 to capacitor C549 which 
couples the pulse to the ringing circuit and is 
furnished only when framing the equipment. 
Diodes CR538 and CR542 prevent the normal 
drive pulses from being coupled into the framing 
drive pulse circuit and, likewise, prevent the 

·framing drive pulses from being coupled into 
the normal drive pulse circuit. Except for the 
two drive input circuits, the operating charac­
teristics of divider no. 5 and drive are identical 
to divider no. 2 and drive. 

6.e. (2) The collector output of each ele­
ment of the divider is a +7 volt pulse varying in 
potential from -6 to +1 volt. 

6.f. CHAN NEL DISTRIBUTOR AND DRIVE 

6.f. (1) Seven volt input drive pulses are 
obtained from the collector of Q522. Divider no. 
6 and drive operates in the same manner as 
divider no. 2 and drive. 

6.f. (2) A portion of tl:)e channel selection 
switch S502 is located in the circuitry of the 
divider. The switch permits selection of two, 
three or four-channel operation. Position 1 of 
the switch (two-channel operation) utilizes two 
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elements of the divider and eliminates Q533 and 
Q534 from the divider. Position 3 of the switch 
(four -channel operation) utilizes all 4 elements 
of the divider. 

6.f. (3) The collector output of each element 
of the divider is a +7 volt pulse (-6 to +1 volt). 

6.f.(4) The collector output of Q531 is d.c. 
coupled through R580 to the base of voltage am­
plifier Q530. When Q531 is conducting, +1.2 
volt appears at the base of Q530 holding that 
stage cut off. A -12 volt potential therefore ap­
pears at the collector which, when applied to 
R577, R576, CR550 and M500, prevents current 
flow. When Q531 is not conducting, on the other 
hand, the -6 volts applied to R580 causes bias 
current to flow and causes Q530 to saturate. 
Current now flows since the collector is at 0 or 
ground potential. Operation of the channel dis­
tributor may therefore be observed as a pulsat­
ing movement of the indicating hand of M500. 

6.g. DIVIDER NO. 7 AND DRIVE 

6.g. (1) Seven volt drive pulses are obtained 
from the collector of Q502 and coupled in at 
C548. Functioning of the ringing circuit, drive 
and divider ring circuit is identical to that of 
divider no. 2. 

6.g. (2) Output, at the collector of Q536, is a 
+7 volt pulse (-6 to +1 volt). 

6.h. SAMPLING PULSE GATE AND PHAS­
ING OUTPUT SIGNAL 

6.h. (1) The phase -lagging output signal is 
generated by means of diodes CR666, CR530, 
CR531 and CR532 which have common cathode 
connections through R554 to -12 volts. The 
anode connections of these diodes are respec­
tively made to the collectors of transistors 
Q514 through Q517 of divider no. 4. In addition, 
the phase -leading output signal is generated by 
means of diodes CR533 through CR535 which 
have common cathode connections through R555 
to -12 volts. The anode connections of these 
diodes are respectively made to the collectors 
of transistors Q518, Q519 and Q520. 

6.h.(2) The sampling pulse gate is com­
posed of diodes CR536 and CR537 and resistor 
R556. The cathode of CR536 is connected to the 
collector of transistor Q508. When Q508 is off, 
its collector potential is -6 volts which permits 
CR536 to conduct and produce -6 volts across 
R556. When Q508 is on, its collector potential 
is +1 volt so that CR536 does not conduct. The 
cathode of CR537 is connected to the collector 
of transistor Q517 of divider no. 4. When Q517 
is off, its collector potential is at -6 volts which 
permits CR537 to conduct and produce -6 volts 
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across R556. When Q517 is on, its collector 
potential is at +1 volt which prevents CR536 
from conducting. When diodes CR536 or CR537 
or both are conducting, -6 volts is developed 
across R556. When neither diode conduct, 0 
voltage is produced across R556. The voltage 
developed across R556 is applied to the base of 
Q528 which is an emitter follower. The output 
in the emitter circuit of Q528 is a positive pulse 
varying from -6 volts to 0 voltage and occurs 
only for the period that transistors Q508 and 
Q517 are both on at the same time. 

6.h.(3) The signal-sampling-pulse output 
switch, 8501, is required when auxiliary equip­
ment is used with the Multiplex Set. The aux­
iliary equipment requires the output signal gen­
erated by Q528, and the multiplex equipment 
requires the output of Q519. When the auxiliary 
equipment is not used, the output of Q528 is em­
ployed for operation of the multiplex equipment. 

6.i. SIGNAL MATRIX 

6.i. (1) General - The signal matrix circuit 
is composed of four sections fed by the A, B, C 
and D converters. Each section contains six 
AND gates with each gate composed of four 
diodes and a resistor. 

6.i. (2) Multiplexer Operation 

6.i. (2)(a) A clock pulse, signal-distri­
butor pulse and signal-information pulse is ap­
plied to each gate. The clock pulse determines 
which of the four sections is to be used. The 
signal-distributor pulse determines which of the 
six gates in a section is to be used, and the sig­
nal-information pulse will appear as either a 
marking or spacing impulse. These three pulse 
sources are wired to three of the four diodes 
that make up each gate. The fourth diode is used 
for the output signal of the gate, which appears 
across the resistor. 

6.i.(2)(b) Since the operation of each gate 
is identical, the operation of the no. 1 gate for 
the A section only will be described. The gate 
is composed of diodes CR559 through CR562 and 
resistor R595. The A clock pulse is generated 
by means of Q531 and is applied to the diode 
CR559. When Q531 is off, -6 volts is applied to 
the diode which conducts and produces -6 volts 
across R595. When Q531 is on, +1 volt is ap­
plied to the diode which cannot conduct and does 
not produce a voltage across R595. 

6.i. (2)(c) The signal-distributor pulse is 
generated by means of Q522 and is applied to 
diode CR562. When Q522 is off, -6 volts is ap­
plied to the diode which conducts and produces 
-6 volts across R595. When Q522 is on, +1 volt 
is applied to the diode which cannot conduct and 
does not produce a voltage across R595. 
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6.i. (2)(d) The signal-information pulse 
is generated in the transmitting code converter 
and is applied to diode CR561. The pulse varies 
in potential from -6 to +1 volt. When the poten­
tial is -6 volts (space) the diode conducts and 
produces -6 volts across R595. When the po­
tential is +1 volt (mark) the diode cannot con­
duct and does not produce a voltage across R595. 
The junction is at ground potential for a mark 
and -6 volts for a space. 

6.i.(2)(e) When -6 volts exists across 
R595, diode CR560 cannot conduct. This poten­
tial can be caused by one or more diodes (CR559, 
CR561 and CR562) conducting. With 0 voltage 
across R595, due to the above diodes not con­
ducting, CR560 will conduct and produce -1 volt 
across R595. Input to the output amplifier is 
-1 to -6 volts. 

6.i. (2)(f) The above details can be sum­
marized as follows: With any transistor in the 
channel or signal distributors on, the cor res­
ponding diodes cannot conduct. This leaves a 
specific gate open to respond to the input signal. 
A space produces -6 volts at the junction; a 
mark produces -1 volt at the junction. The tim­
ing is such that when A(Q531) of the channel dis­
tributor is on, elements 1 through 6 of the signal 
distributor go on in sequence, thus opening each 
gate in channel A. The same action would fol­
low for channels B, C and D. 

6.i. (2)(g) The output signal of CR560 is 
connected with other diode outputs (5 and 6 on 
channel A) to the positive signal output terminal 
(normal signal). Diode outputs not common to 
CR560 (2, 3 and 4 on channel A) are connected 
to the negative signal output terminal {inverted 
signal). These two outputs are joined in the 
cabinet wiring to become the matrix input to the 
output amplifier. 

6.i. (3) Demultiplexer Operation 

6.i.(3)(a) Demultiplexer operation is the 
inverse of multiplexer operation. Timing of 
channel and signal distributors is identical to 
that for multiplexer operation as described 
above. However, the diodes and leads that 
carried the signal output for multiplexer opera­
tion now become the signal input for de multi­
plexer operation. The diodes connected to A1, 
A2,---Bl, B2 etc. now carry the output of the 
demultiplexer and delivers signals to the re­
ceiving code converters. Signal input pulses 
from the synchronizer (0 voltage for mark, -6 
volts for space) are applied to diode CR560. 

6.i.(3)(b) With 0 voltage across R595, 
due to CR559, CR560, and CR562 not conducting, 
CR561 will conduct to the input flip-flop of the 
receiving code converter and produce -1 volt 
across R595. 
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7. O UTPUT AMPLIFIER (AM-: 
(Figures 4-32 & 6-39) 

7 .a. GENERAL (Figure 4-32) 

/UGC-1) 

7.a.(1) The output amplifier accepts multi­
plex signals from the multiplexer -demultiplexer 
and amplifies them to voltage levels suitable for 
use by local or remote signal circuits. See 
paragraph 3 .c. (3) of section 1. 

7 .a. (2) The general circuits comprising the 
output -amplifier are the inverted -text amplifier, 
voltage translator, line -relay drive, line -relay 
voltage -amplifier output, a.c. generator and 
auxiliary outputs. 

7 .a.(3) The input, received from the matrix 
located in the multiplexer -demultiplexer, is 
amplified, inverted and made available for use 
by associated auxiliary equipment at voltage 
and power levels compatible with the equipment. 
The signal is returned by the associated equip­
ment, reinverted and reduced to voltage levels 
compatible with multiplex circuitry. 

7 .a. (4) The signal passes through the signal 
selector switch to the line -relay drive. At the 
line-relay drive an output oscillator is keyed 
and its output amplified and applied to the line 
relay. 

7 .a. (5) The keyed oscillations of the line­
relay drive are passed through an isolation 
transformer where the signal is demodulated 
and used to key the multiplex line. The line re­
lay output is a keyed, ungrounded, neutral signal 
of 20 or 60 milliamperes, battery for which 
must be externally supplied. 

7.a.(6) An output from the line-relay drive 
also keys the voltage -amplifier output circuit. 
This circuit supplies a keyed signal of up to 50 
volts, the negative side of which is grounded. 

7 .a. (7) The a.c. pattern, used for test and 
lineup purposes at the receive terminal, is gen­
erated by a binary circuit which receives its 
drive from ring 4 located in the multiplexer­
demultiplexer. The output of the a.c. generator 
is made available to the multiplex output circuits 
at the signal selection switch. 

7. a. (8) In addition, special outputs are sup­
plied for use with associated auxiliary equip­
ment. These outputs are supplied at voltage 
and power levels compatible with similar out­
puts supplied by the Electronic Multiplex Set. 

7.a.(9) For the detailed treatment of the 
circuits and their operation which follows, refer 
to the schematic wiring diagram of Figure 6-39. 
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7.b. A.C. GENERATOR 

7.b.(1) The a.c. generator is essentially a 
bi-stable multi vibrator identical to those found in 
the transmitting and receiving code converters. 
This circuit, however, is connected to function 
as a binary. Two PNP junction transistors, 
Q400 and Q401, are used. One conducts into 
saturation and the other is held cut off. The cir­
cuit is triggered from one stable state to the 
other by a positive drive pulse received from 
ring no. 4 in the multiplexer-demultiplexer. 
This pulse is applied to the junction of C400 
and C401. 

7.b.(2) For descriptive purposes, it is as­
sumed that Q400 is conducting and Q401 is cut 
off. The potential at the collector of Q400 is 
therefore +1 volt and at Q401 it is -6 volts. The 
+1 volt potential is applied through R403 to the 
junction of C400 and CR400 and charges C400 
to +1 volt. Since CR400 is also connected to the 
junction of R404, R401 and CR401, which is also 
at +1 volt, CR400 is unbiased. 

7 .b. (3) The -6 volt potential at the collector 
of Q401 is connected to the junction of C401 and 
CR405 and charges C401 to -6 volts. The cath­
ode of CR405 is connected to the junction of 
CR404, R405 and R407 which are also at +1 volt. 
CR405 is therefore negatively biased 7 volts. A 
+6 volt drive pulse, when applied to C400 and 
C401, will pass through CR400 and R401 to the 
base of Q400. This same pulse will be inhibited 
by CR405. Q400 will thus be made non-conduc­
tive, and Q401 will saturate. The next drive 
pulse will be passed by CR405 and inhibited by 
CR400 in the same manner. Q401 will be driven 
into cut off and Q400 will conduct, and so on. 
The output, taken at the collector of Q400, is 
applied to S400, the signal selection switch. 

7.c. INVERTED TEXT AMPLIFIER 

7 .c. (1) The normal and inverted multiplex 
signals are received from the matrix, located 
in the multiplexer -demultiplexer, and applied to 
the base of buffer amplifier Q406. Q406 is an 
NPN transistor connected in the common col­
lector configuration. The input and output of 
this amplifier is a signal having voltage limits 
of -1 and -6 volts. This signal is applied to 
R421 and the base of Q407. 

7.c. (2) With -1 volt present at the emitter 
of Q406, the potential developed by divider R421 
and R422 at the base of Q407 is approximately 
+2 volts. Since the emitter of Q407 is grounded, 
the emitter -base diode is reverse biased, and 
the transistor is cut off. 

7 .c. (3) With -6 volts at the emitter of Q406, 
the base -emitter diode of Q407 is forward biased 
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and sufficient bias current flows to saturate 
the stage. 

7.c.(4) When Q407 is cut off, current flows 
from the -12 volt supply through collector load 
resistor R423 and through R424 into the emitter 
of Q408. Q408 is an NPN transistor connected 
in the common base configuration. Current 
flow in the emitter generates current flow in the 
collector and the transistor saturates. Ground 
potential (0 voltage) .appears at the collector. 

7 .c. (5) With Q407 saturated, the collector 
potential has 0 voltage. The voltage developed 
at the emitter of Q408 is now positive with ref­
erence to ground, having been developed by 
divider R424 and R425. Q408 is back biased and 
a +50 volts appears at the collector. 

7.c.(6) When -·1 volt (signifying a multi­
plex mark signal) is received from the matrix, 
a 0 voltage pulse is generated at Q408. When 
-6 volts (signifying a multiplex space) is re­
ceived, +50 volts is generated at Q408. The 
signal is therefore inverted at Q408 (mark 
when space at matrix and space when mark at 
matrix.) This 0 to +50 volts signal is made 
available ro auxiliary equipment which may be 
employed in conjunction with the 4 channel multi­
plex. The signal is processed by the auxiliary 
equipment and returned to the multiplex. When 
auxiliary equipment is not used, the appropriate 
terminals are shorted, and the signal generated 
by Q408 is applied directly to R427 and the base 
of Q409. 

7.d. VOLTAGE TRANSLATOR - Q409 rein­
verts the signal and generates a signal, the volt­
ages of which are acceptable to multiplex cir­
cui try. With +50 volts applied to R427 (signi­
fying a multiplex space), +1.5 volts exist at the 
base of Q409 and is limited by CR406. Q409 is 
therefore non-conductive. With 0 voltage ap­
plied (signifying a miltiplex mark), bias current 
flows from the -12 volt supply through R428 and 
saturates the transistor. The output of this stage 
is applied to S400. 

7.e. SIGNAL SELECTION SWITCH - S400 is 
a four-position switch which determines the 
signal to be transmitted. Constant mark, con­
stant space, alternating marks and spaces and 
the multiplex signal may be selected for trans­
mission. The first three signals are generally 
used for circuit lineup. The output of S400 is 
applied to R431 and the base of Q410. 

7.f. LINE RELAY DRIVE 

7.f.(1) Q410, Q411 and Q412 constitute a 
circuit very similar in operation to the start­
stop oscillator and control circuit found in the 
transmitting and receiving code converters. 
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Q412 is an oscillator whose oscillation is con­
trolled by Q410 and Q411. 

7 .f. (2) With 0 or ground potential (mark) 
applied to R431, the voltage generated by di­
vider R431 and R432 at the base of Q410 is 
slightly positive. Q410 is therefore cut off and 
-12 volts appears at its collector. This poten­
tial, when applied through R434, biases CR407 
and CR408 into non-conduction. This voltage, 
when applied through R435, develops a voltage 
at the base of Q411 which biases that transistor 
non-conductive. The oscillator Q412 is free to 
oscillate. Oscillations occur about the -6 volt 
potential applied to the base of Q412 and are 
approximately 12 volts peak to peak in amplitude. 

7 .f. (3) With -6 volts (space) applied at 
R431, Q410 conducts into saturation and ground 
potential appears at the collector. This poten­
tial is applied to R434 and R43 5. CR407 now 
becomes forward biased and current flows 
through CR407, R434 and the transistor Q410. 
A -6 volts is therefore applied to the anode of 
CR408. 

7 .f. (4) Zero voltage at the collector of Q410 
generates bias current for Q411. Electrons 
flow from the -6 volt supply at the emitter of 
Q411 through the emitter-base diode and R435 
to the collector of Q410. 

7 .f. (5) Should the oscillator be generating 
a negative half cycle (more negative than -6 
volts at the base of Q412) at the instant a space 
is applied, CR408 will conduct and the oscilla­
tion will be quenched. Likewise, should the 
oscillator be generating a positive half cycle 
(more positive than -6 volts) at the instant a 
space is applied, CR409 will conduct and quench 
oscillation. Oscillations are therefore quenched 
immediately upon receipt of a space regardless 
of the period of the oscillator cycle. 

7 .f. (6) Q412 and associated components 
constitute an oscillator very similar in opera­
tion to the start-stop oscillators previously 
discussed. The basic difference is frequency of 
oscillation. The oscillator is tuned to oscillate 
at approximately 33KC. The circuit is essen­
tially a common collector amplifier with in 
phase current feedback through R438 to the 
junction of C407 and C408 in the base circuit. 
The output is taken at the emitter and applied 
to power amplifiers Q413 and Q414. 

7.f.(7) Q413 and Q414 are PNP, NPN buffer 
power amplifiers connected in parallel. The 
positive going ltalf cycle is passed and ampli­
fied by Q414, while the negative going half cycle 
is passed and amplified by Q413. The output 
taken at the common emitter connection is 
passed through C409 to isolation transformer 
T400. 
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7.g. LINE RELAY 

7.g.(1) The line-relay transistors Q415, 
Q416, Q417, Q419 are electrically isolated from 
chassis ground. Operating potentials are sup­
plied by the external battery and an isolated 
local 12 volt supply. Q417 and Q419 are con­
nected in series with the d .c. line. They are 
designed to short circuit (saturate) in response 
to a marking impulse generated by the oscillator, 
and to become open (cut off) in response to a 
spacing impulse generated by the oscillator. 
Oscillation occurs at Q412 for a mark; no os­
cillation occurs for a space. 

7.g.(2) When the multiplex signal is spacing 
(no oscillation), Q415 and Q416 are non-conduc­
tive since the base and emitter of both transistors 
are connected through the secondary of T400. 
No bias current may therefore flow. 

7.g.(3) R444 and R445 form a voltage di­
vider across the isolated 12 volt supply. The 
junction of R444 and R445 is approximately 
4 volts less positive than the positive terminal 
of the isolated supply. Since the positive ter­
minal is connected to the base of Q417 through 
R446, and the junction of R444 and R445 is con­
nected to the emitter of Q417, Q417 is biased to 
cutoff. 

7.g.(4) R456, R457 and R458 are connected 
to form a divider across the external battery. 
Assuming a 130 volt supply and Q419 and Q417 
non-conductive, approximately 1 milliampere 
flows through the divider. The junction of R457 
and R458 is approximately 63 volts less negative 
than the negative battery terminal, and the june­
tion of R456 and R457 is 4 volts less negative 
than the voltage at the R457 -R458 junction. Since 
the emitter of Q419 is connected at the R457-
R458 junction, and the base of Q419 is connected 
at the R456-R457 junction, Q419 is also non­
conductive. Line current is therefore limited to 
1 milliampere. The cathode of CR412 is con­
nected through R444 to the positive terminal of 
the line battery, and the anode of CR412 is con­
nected through R455 to a point which is approxi­
mately 63 volts more negative. Therefore CR412 
is biased in the back direction and is consequent­
ly non-conductive. 

7.g.(5) When a marking signal (oscillation) 
is received at the secondary of T400, the result­
ing signal is applied to the base of Q415 and the 
base of Q416. The transistors saturate alter­
nately as their respective bases swing negative 
with respect to the common emitter connection. 
The result is a negative potential applied from 
the isolated negative 12 volt supply throughQ415 
and Q416 to R447. Bias current flows in the 
base -emitter diode of Q417 and saturates that 
stage. The collector of Q417 rises immediately 
to that of the positive line battery terminal. 
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Since the negative isolated supply potential is 
approximately 8 volts more negative than the 
positive line battery supply (drop across R444), 
CR412 becomes forward biased, and current 
flows from the negative isolated supply through 
CR412,R455 and the base-emitter diode of Q419. 

Q419 is biased into saturation and allows line 
current to flow. 

7.g.(6) CR410 and CR411 are 75 volt Zener 
diodes connected in series. These diodes limit 
the maximum voltage which may be externally 
applied. Should the external line battery voltage 
exceed 150 volts, these diodes will become con­
ductive. 

7 .g. (7) R448 is a rheostat for limiting the 
line current. Meter M400 indicates the line cur­
rent. F400 is a fuse for protecting transistors 
and diodes against overload. 

7 .g.(8) Remote-local switch 6401 permits 
operation of a send-receive terminal back to 
back on a local basis. When S401 is switched to 
local, battery is furnished by the -12 volt supply. 
When operated locally, the voltage developed 
across R456 is insufficient to back bias CR412. 
Consequently, bias current flows during a multi­
plex space as well as during a mark and satu­
rates Q419. However, Q417 keys as before and 
permits normal operation of the relay circuit. 

7 .h. OUTPUT VOLT AGE AMPLIFIER- Cer­
tain keying devices are voltage-keyed rather than 
current-keyed. In order that the multiplex be 
compatible with such equipment, a keyed voltage 
output is supplied. This output is generated by 
Q418 which receives its drive from Q410. The 
collector of Q41 0 swings to -12 volts for a multi­
plex mark and 0 voltage for a multiplex space. 
When -12 volts (mark) is applied through R450 
to the base of Q418, Q418 becomes non-conduc­
tive since the base is negative with respect to 
the emitter. Conversely, when 0 voltage is ap­
plied, bias current flows through R451 and sat­
urates Q418. R459 is a potentiometer connected 
to the +50 volt supply. Any collector supply 
from 0 to +50 volts may therefore be employed. 
The output is taken at the collector: 0 voltage 
is a space, and some positive voltage, depend­
ing upon the setting of R459, is a mark. 

7 .i. AUXILIARY OUT PUTS 

7.i.(1) In addition to the inverted multiplex 
signal, certain other outputs are required to 
pulse associated auxiliary equipment. An aux­
iliary clock output, signal distributor output, and 
channel B clock output are required. These out­
puts must be at certain voltage and power levels 
to be compatible with existing auxiliary equip­
ment. 

ORIGINAL 

,, 

{� 

< '.'"� J 

. "'"\ � 



(' 

( 

( 

( 

7 .i. (2) Q402 -1 and Q403-1 generate a series 
of 37 volt positive-going pulses. Input is re­
ceived from the no. 7 divider located in the 
multiplexer -demultiplexer. The input, varying 
between -6 and 0 voltage, is passed by buffer 
amplifier Q402, is differentiated by C404-1 and 
is applied to common base amplifier Q403-l. 
The positive-going pulses saturate Q403-1, the 
base of which is returned to +37 volts. Di­
vider R413-1 and R412-1 provide a voltage 
slightly less positive than +37 volts which, when 
applied to the emitter of Q403-1, holds the tran­
sistor in cutoff except when driven by the input 
signal. 

7 .i. (3) Q402-2 and Q403-2 are identical to 
the circuit previously discussed. The input is 
received from the channel B clock amplifier 
located in the multiplexer-demultiplexer. The 
channel B clock amplifier determines the rate 
at which positive pulses are generated. 

7 .i. (4) Q404 and Q405 combine to form a 
circuit capable of generating negative-going 24 
volt pulses. The input is received from divider 
no. 4 located in the multiplexer -demultiplexer. 
The input is passed through buffer amplifier 
Q404, C406 and R418 to the base of Q405. Q405 
is normally saturated and bias current flows 
from ground through R417 and R418. The input 
drives Q405 into cutoff and thereby generates 
negative pulses at the collector of Q405. 

8. SYNCHRONIZER-AMPLIFI ER (SN- /UGC-
1) (Figures 4-22 through 4-27 & 6-57) 

8.a. GENER AL (Figure 4-33D 

8.a. (1) The synchronizer-amplifier accepts 
multiplex signals from a local or remote line, 
amplifies them and furnishes them to the multi­
plexer-demultiplexer. It also maintains the 
correct phase relationship between the incoming 
signals and the frequency derived from the local 
crystal oscillator. See paragraph 3.d. (1) of 
Section 1. 

8.a. (2) The synchronizer maintains an opti­
mum phase position between the local frequency 
standard and an incoming signal under the con­
trol of the frequency standard at the distant 
station. Optimum phase position exists when 
the receiving equipment interrogates the incom­
ing signal at the midpoint of the pulses. If cor­
rective measures are not taken, this phase po­
sition will change due to the small frequency 
difference between the transmitting and receiv­
ing frequency standards. 

8 .a. (3) Instantaneously, the phase position 
will also be affected by variations in the prop­
agation delay of the radio path and extraneous 
pulses produced by atmospheric or man-made 
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noise. Since the advance or delay in phase due 
to the latter two items will tend to cancel or 
average zero over a long period of time, the 
synchronizer disregards these effects and acts 
only to insert the difference frequency (+ or -) 
between the frequency standards. 

8.a.(4) In Figure 4-33 the logic functions 
can be divided into three main groups: (a) the 
input relay, (b) the phase sensing and phase cor­
recting circuits and (c) the framing circuits 
(framing refers to alignment on a channel to 
channel and signal pulse to signal pulse basis 
between the transmitting and receiving termi­
nals.) In the paragraphs which follow, the num­
bers in parenthesis refer to the blocks of Figure 
4-19. 

8.a.(5) Input Relay 

8.a. (5 )(a) The input relay electrically 
isolates the multiplex signalling circuit from 
the Receiving Multiplex Group The signals are 
amplified, squared and inverted. Sampling pulses 
are applied to the signal, and normal and inverted 
outputs are supplied to the diode matrix in the 
demultiplexer. Signal transitions are coupled to 
the phase-correcting circuits. 

8.a.(5)(b) The input relay (1) accepts an 
incoming multiplex signal containing two, three 
or four channels . A transistorized line relay 
is used which is able to repeat the signal pulses 
with a minimum of distortion while electrically 
isolating the input circuit. An output amplifier 
(2) raises the level and inverts the input signal 
to +50 volts for keying auxiliary equipment 
where required. 

8.a.(5)(c) An input attenuator (3) inverts 
the phase and reduces the level of the returned 
signal from the auxiliary equipment to the stand­
ard signal level. The attenuator drives phase 
inverter (4) and an AND gate (5). The phase 
inverter (4) drives a second AND gate (6). A 
signal sampling pulse which is derived from the 
demultiplexer unit is applied to AND gates (5) 
and (6). AND gate (5) thus provides an output 
for the interval of the signal-sampling pulse 
only when the normal signal is marking. AND 
gate (6) produces an output only when the invert­
ed signal is marking. Isolating amplifiers (7) 
and (8) couple the normal and inverted signal 
pulses to the diode matrix in the demultiplexer 
unit. 

8.a. (6) Phase Sensing (Figure 4-22) 

8.a. (6)(a) In the phase sensing circuits, 
the phase position of the pulses derived from 
the signal transitions is compared to the local 
frequency standard. If the local standard is too 
advanced in phase, it is retarded by inhibiting 
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the drive pulses. A large capacitor acts to 
prevent instantaneous changes in phase position 
from causing correction. 

8.a.(6){b) The input relay (1) also drives 
an AND gate (9) to which the channel A clock 
signal is also applied. This AND gate produces 
positive pulses for space to mark signal transi­
tions occurring during channel A clock pulses. 
This is shown in the timing diagram of Figure 
4-20. The positive pulses are lengthened to 150 
microseconds in a pulse shaping circuit (10). 
An isolating amplifier (11) couples these pulses 
into two AND gates (12) and (13). AND gate (12) 
also has inputs from elements 1, 2, 3 and 4 of 
divider no. 4 in the demultiplexer via an isolat­
ing amplifier (14). These elements are associ­
ated with a lagging phase relationship. Elements 
5, 6 and 7, which are associated with an early 
or leading phase relationship, are applied to 
AND gate (13) via isolating amplifier (15). 

8.a.(6)(c) It should be noted that the op­
timum phase condition exists when the signal 
transition pulses overlap the advance and retard 
gates between pulses 1 and 7 as shown in Fig­
ure 4-20. Later in the description it will be 
apparent that transitions arriving in the above 
designated phase position will not result in 
correction. However, if the transitions occur 
earlier or later than this interval, the signal 
transition pulses will coincide only with the cor­
responding AND gate input pulse, and action will 
begin to return the phase relationship to the 
optimum position. 

8.a. (7) Phase Correcting 

8.a. (7)(a) Assuming that the phase of the 
incoming signal is leading the local standard, 
there will be coincidence of the signal transition 
pulse with the phase lead gate. Each time that 
a signal transition occurs during channel A clock 
pulse, an output will be produced by advance 
AND gate (13). A normalizing univibrator (16) 
times out a fixed millisecond pulse which charg­
es a large capacitor (17) in a positive direction 
via a constant current transistor circuit (18). 
These constant current pulses are shown in the 
top line of Figure 4-23 

8.a. (7)(b) Since the energy in one pulse 
is a very small percentage of the total energy 
needed to raise the potential of this capacitor 
from 0 to a critical voltage (+6 volts), the volt­
age of the capacitor will increase only a very 
small increment for each input pulse. If the 
phase leading condition persists for a sufficien­
tly long time (approximately 20 seconds), the 
capacitor potential will become more positive 
than +6 volts. An isolating amplifier (19) cou­
ples this potential to a level sensing circuit (20). 
The output of the level sensing circuit is raised 
to the proper level by a phase inverter (21). 
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8.a.(7)(c) A positive output voltage from 
the above circuit turns off one side of the ad­
vance flip-flop circuit (22). A discharge circuit 
(23) connected to the flip-flop immediately be­
gins to discharge the capacitor so that, after a 
short period, the initial positive d.c. potential 
applied to the flip-flop via circuit (20) and (21) 
is removed. The flip-flop remains in its primed 
condition, however, until the next channel A 
clock pulse is received. It then triggers back 
to its initial condition and at the same time 
triggers the ADD univibrator (23) which is set 
for a period of approximately 40 microseconds. 
The output of this univibrator, which is applied 
to an AND gate (24), gates in an additional drive 
pulse through OR gate (25) arid amplifier {26) to 
the train of drive pulses obtained from the (1) 
side of binary no. 2 in divider no. 1. 

8.a. (7 )(d) The added pulse is derived 
from the (0) side of binary no. 2 so it falls be­
tween adjacent pulses in the train. The addi­
tion of this drive pulse thus advances the phase 
of the local standard by the period of one drive 
pulse, and makes it more nearly in phase with 
the assumed leading input signal. Figure 4-23 
shows that additional advance drive pulses are 
generated with relatively little delay, once the 
initial charging of the capacitor takes place. 
Pulses are added to the drive-pulse train until 
the phase sensing circuits detect coincidence of 
the signal-transition pulse with the phase-lag 
gate. At this time, the retard portion of the cor­
rector begins to operate and nullifies the posi­
tive increase of charge on the capacitor produced 
by the advance side. 

8.a.(7)(e) The action of the retard por­
tion of the corrector is identical to that of the 
advance side with few exceptions. The capaci­
tor is discharged in a negative direction, and a 
level of -6 volts is recognized. At this point 
the level-sensing circuit develops a positive 
voltage to drive a flip-flop as above. Operation 
of the subtract univibrator interrupts for a per­
iod of 70 microseconds the train of pulses from 
(1) side of binary no. 2 in AND gate (27) and thus 
retards the phase of the local standard by one 
drive pulse. 

8.a.(8) Operation and Metering 

8.a. (S)(a) A high impedance voltmeter 
connected to the tank capacitor indicates the 
condition of the local crystal oscillator (fast or 
slow). Under conditions of varying propagation 
delay (multipath), the input transitions may be 
coincident first on the advance side and then on 
the delay side. This is shown in Figure 4-23 in 
the portion marked "multipath." Due to the 
long delay period which the tank capacitor pro ­
vides, no action is taken by the corrector until 
a majority of transitions coincide with pulses 
gating the fast or slow sides. 
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B.a. (B)(b) After the necessary correction 
has been made, the transition pulse will be co­
incident with both the add and subtract sides. In 
this condition, the pulse put in by the add side is 
exactly cancelled by the pulse from the subtract 
side and nullifies corrector action. Under nor­
mal operation, the meter indication will return 
toward zero following correction, but the read­
ing will seldom reach zero since need for ad­
ditional correction will occur before that point 
is reached. 

B.a.(9) Framing Circuits 

B.a.(9)(a) The framing circuits are used 
by the operator to frame the receiver with the 
transmitter on a signal pulse and channel basis. 
Thus, when no. 6 pulse in channel A is trans­
mitted, the receiver is looking for no. 6 in chan­
nel A. Framing can be done by semi-automatic 
or manual means. In both cases, an input pulse 
is derived from the start-stop distributor in the 
receiving code converter of channel A. 

B.a.(9)(b) Semi-automatic framing can 
be done only when channel A is idle. Each out 
of phase condition operates the A start-stop 
distributor and generates a new framing pulse 
which advances framing by one signal pulse. 
When an in-frame point is reached, the A code 
converter recognizes the idle signal, the start­
stop distributor stops and no further framing 
pulses are produced. Manual framing can be 
done under traffic conditions by viewing copy on 
channel A. Use of a flip-flop in the manual 
circuit insures that invariably one advancement 
pulse is obtained for each closure of the fram­
ing switch. A relay is used in the circuit so that 
framing can be accomplished either locally or 
remotely. 

B.a. (10) Special Auxiliary Outputs - Invert­
ed multiplex signals, auxiliary clock pulses, sig­
nal sampling pulses, and pulses from the A-6 
star in the demultiplexer matrix are amplified 
to the proper power or voltage level so that 
certain auxiliary equipment can be intercon­
nected with the Set. 

B.a. (11) For the detailed treatment of the 
circuits and their operation that follows, refer 
to the schematic wiring diagram of Figure 6 -57 
as well as other illustrations indicated in the 
text. 

B.b. INPUT RELAY 

B.b. (1) Oscillator 

B.b.(1)(a) By m e a n s  of local-remote 
switch S200, a local or remote input signal line 
may be selected. The transistor line relay will 
accept either a 20 ma. or 60 ma. neutral time-
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division multiplex signal. The multiplex signal 
current flows through line current meter M200, 
line-currect variable resistor R21B and resistor 
R211 in parallel with R212 and slicing-level 
variable resistor R217. By means of variable 
resistor R217, a voltage is applied to the col­
lector of Q202. Q202 and associated components 
form a Hartley-type oscillator with a natural 
frequency of oscillation between 250 and 300 kc. 
The frequency of oscillation is determined by the 
inductance of the primary winding of transform­
er T200, its distributed capacitance and capaci­
tor C203. 

B.b.{1)(b) It is assumed that a marking 
condition is the flow of current in the line-relay 
circuit and a spacing condition is the absence of 
current flow in the line-relay circuit. Assum­
ing a marking condition is applied to the line 
relay, a d.c. voltage is applied to Q202 which 
causes the transistor circuit to oscillate. Oscil­
lation will continue for the period that the mark­
ing condition exists and is sustained by positive 
feedback from terminal 1 of the transformer 
through resistor R213 to the base of transistor 
Q202. By means of resistor R215 and capacitor 
C204, a fixed d.c. voltage is maintained on the 
emitter of transistor Q202 and holds the oper­
ating point of the oscillator at approximately 
B milliamperes. 

B.b.(1)(c) Assuming a spacing condition 
is applied to the line relay, 0 voltage is applied 
to transistor Q202 and the transistor circuit is 
unable to oscillate. Inductor L200 and capacitor 
C202 form a filter that prevents the oscillator 
frequency from appearing on the local or remote 
signal lines, and it also prevents short noise 
bursts from causing the oscillator to oscillate. 

B.b.(2) Demodulator and Amplifier - The 
output signal of the line relay oscillator is trans­
former-coupled to the secondary winding of T200 
and produces a +. OB volt between the base and 
emitte.r of transistor Q20B, a demodulator. The 
output signal of transistor Q20B is an inverted 
multiplex signal of approximately 9 volts ampli­
tude and varies in potential from approximately 
+3 to -6 volts. This signal is applied through 
resistor R232 to a filter network composed of 
capacitor C206, diode CR213 and resistor R234. 
This circuit removes the portion of the oscilla­
tor frequency passed by Q208. The filtered 
multiplex signal is applied through resistor R233 
to the base of transistor Q209. Transistor Q209 
amplifies and inverts the signal applied to its 
base and produces a normal multiplex signal on 
its emitter that varies in potential from approx­
imately 0 to -6 volts. 

B.c. INVERTED TEXT AMPLIFIER - The 
output signal of the line relay amplifier is fur­
nished to two circuits. One of these is through 
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resistor R236 to the base of Q210, the inverted 
text amplifier. The signal on the base of trans­
istor Q210 varies in potential from approximate­
ly 0 to -2.2 volts. The result is an inverted 
multiplex signal in the collector circuit of 
transistor Q210 which varies in potential from 
approximately 0 to +50 volts. The output sig­
nal of transistor Q210 is furnished to connector 
J1200 on the rear plate of the receive cabinet 
for use by auxiliary equipment. 

S.d. ATTEN UATOR, INVERTER, SAMPLING 
AND O UTPUT AMPLIFIER CIRCUITS 

S.d.(1) Signal Attenuator and Amplifier 

S.d. (1)(a) The signal attenuator is com­
prised of resistors R219 and R220 connected as 
a voltage divider. The base of amplifier Q203 
and a diode clamp CR206, referenced to +1.5 
volts, are connected to the junction. The volt­
age divider is proportioned so that the base of 
Q203 will be made negative for input signals 
which are less positive than 25 volts. 

S.d.(1)(b) When inverted input signals 
are supplied from auxiliary equipment (0 volt­
age marking, +90 volts spacing), Q203 conducts 
into saturation for the marking pulses resulting 
in 0 voltage at its collector. For spacing pulses, 
Q203 is cut off resulting in -6 volts (clamped 
by CR207) at its collector. Diode CR206 pre ­
vents the base potential from rising above +1.5 
volts and thereby protects the transistor. 

8.d.(1)(c) If the auxiliary equipment is 
not used, the output of Q210 is coupled to the 
auxiliary input terminal by a dummy plug in­
serted into J1200 on the back plate. Under this 
condition, +50 volts is supplied for a spacing 
signal. Operation of Q203 is identical to that 
described above with the normal multiplex sig­
nal appearing at the collector. 

8.d.(2) Phase Inverter - The output of Q203 
is coupled to emitter follower Q204. The nor­
mal multiplex output signal from transistor 
Q204 is applied to resistor R224. Resistors 
R224 and R223 form a voltage divider. A mark­
ing pulse, 0 voltage, applied to resistor R224 
will produce approximately -0.1 volt at the base 
of transistor Q206 and the junction of resistors 
R224 and R223. Transistor Q206 is cut off when 
its base is positive and its collector potential is 
-6 volts. Transistor Q206 conducts when its 
base is negative and its collector potential is 0 
voltage. The output signal of phase-inverter 
transistor Q206 is an inverted multiplex signal 
varying in potential from approximately 0 to -6 
volts. Thus the output signals of transistors 
Q204 and Q206 are 180° out of phase with each 
other. 
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8.d.(3) Signal-Sampling Gates(Figure 4-24) 

8.d.(3)(a) Two signal-sampling gates are 
used in the synchronizer. One, the normal gate 
is composed of diodes CR209 and CR210 and 
resistor R228; the other, the inverted gate, is 
composed of diodes CR208 and CR212 and re­
sistor R227. The purpose of the gates is to 
furnish an output signal from two input signals 
when the two input signals have a particular 
relationship. 

8.d.(3)(b) Since the operation of the nor­
mal and inverted signal-sampling gates is iden­
tical, operation of only the normal will be de­
scribed. Signal sampling pulses varying in 
amplitude from 0 to -6 volts are derived in the 
multiplexer-demultiplexer and f u r n i s h e d  to 
CR210. The signal-sampling pulse rate is the 
same as the multiplex signal rate. The signal 
sampling pulses are of short time duration and 
appear in the center of each multiplex signal 
pulse (assuming that the phase-correcting cir­
cuits are operating). The normal multiplex 
signal, varying in amplitude from 0 to -6 volts, 
is applied to diode CR209. When the signals 
applied to diodes CR209 and CR210 are both at 
-6 volts potential, or when one applied signal is 
at -6 volts and the other signal is at 0 voltage, 
-6 volts will exist across resistor R228. 0 volt­
age will appear across R228 only during the 
relatively short time that a sampling pulse is 
present, and then only if the signal level from 
Q204 is 0 voltage. 

S.d. (4) Output Amplifiers - Two output am­
plifiers are utilized in the synchronizer. One 
is transistor Q205, the normal output amplifier, 
and the other is transistor Q207, the inverted 
output amplifier. The two are emitter follower 
amplifiers and the emitter output will be iden­
tical to the base signal. The output of these 
amplifiers is a series of sharp positive pulses 
varying in potential from -6 to 0 voltage. Due 
to the use of the normal and inverted multiplex 
signals in the signal sampling gates, a positive 
pulse will appear . in the output of only one of 
the output amplifiers at any one time. The out­
put signals of the output amplifiers are fur­
nished to the multiplexer-demultiplexer where 
they are used to prime the code converter inputs. 

S.e. SYNCHRONIZING CIRCUITS 

8.e.(l) Multiplex Signal Synchronizing Gate 
and Amplifier 

8.e.(l)(a) The output signal of the demod­
ulator amplifier Q209 is applied to differentiat­
ing capacitor C207 as well as to the inverted­
text amplifier Q210. The output of capacitor 
C207 is a series of alternately positive and 
negative "spikes" approximately 6 volts in am-
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plitude. A positive spike is produced when the 
normal multiplex signal changes from a spacing 
condition to a marking condition, and a negative 
spike is formed when the normal multiplex sig­
nal changes from a marking condition to a spac­
ing condition. 

8.e.(1)(b) The channel A clock pulse is 
derived in the multiplexer-demultiplexer and is 
furnished to resistor R241; this pulse varies in 
amplitude from 0 to -6 volts. The sum of two 
signals will appear at the junction of capacitor 
C207 and resistor R241. When the channel A 
clock pulse is applied to resistor R241 ( -6 volt 
condition), diode CR215 cannot pass the +6 volt 
spike due to -1. 5 volt bias applied through re­
sistor R242 to the negative side of the diode. 
However, during the period of time that the 
channel A clock pulse is present (0 voltage) and 
a positive 6 volt distorted spike is furnished by 
capacitor C207, diode CR215 ·will conduct and 
furnish a positive spike of approximately 4. 5 
volt amplitude and 150 microseconds base width 
to capacitor C208. 

8.e.(1)(c) Capacitor C208 couples the 
above positive spike to the base of emitter­
follower-amplifier transistor Q211. The base 
of transistor Q211 is normally at -6 volts. It is 
connected through clamp diode CR216 to -6 volts 
and resistor R243 to -12 volts. Since transistor 
Q211 is an emitter follower, the emitter signal 
follows the base signal, and the output signal 
will be a series of +4 volt spikes varying in 
amplitude from -6 to -1.5 volts. 

8.e.(2) Phase Lead and Lag Amplifiers AND 

Gates (Figure 4-22) 

8.e.(2)(a) Seven pulses (varying from -6 
to +1 volt) of equal� time duration, which are 
furnished by divide.d no. 4 in the multiplexer­
demultiplexer and the total period of which is 
equal to a multiplex signal pulse, are applied to 
the phase lead and lag amplifiers. The no. 1 
through 4 pulses are applied via an OR gate in 
the demultiplexer to the base of the phase-lag 
amplifier, transistor Q219, and the no. 5 through 
7 pulses are applied via a second OR gate to the 
base of phase-lead amplifier, transistor Q222. 

8.e.(2)(b) Since transistors Q219 and 
Q222 are emitter-follower amplifiers with emit­
ter resistors R273 and R289 returned to ground, 
the emitter output signal of the twp amplifiers 
will vary between approximately 0 and -6 volts, 
and the two signals will be 180° out of phase 
with each other. The phase-lead and lag gates 
are identical in operation and circuitry. The 
phase-lag gate is composed of diodes CR221, 
CR222 and CR223 and resistor R271, and the 
phase lead gate is composed of diodes CR228, 
CR229 and CR230 and resistor R287. 
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8.e.(2)(c) Operation of only the phase­
lag gate will be described. The signal which is 
furnished to diode CR222 is a series of positive 
spikes from transistor Q211 varying in ampli­
tude from -1. 5 to -6 volts, and the signal which 
is furpished to diode CR223 is a positive pulse 
from transistor Q219 varying in amplitude from 
0 to -6 volts. When either or both of the signals 
applied to diodes CR222 and CR223 are at a neg­
ative potential, a negative voltage will exist 
across resistor R271 and will prevent conduc­
tion by diode CR221. When both signals applied 
to diodes CR222 and CR223 are at a more posi­
tive potential than the -5 volts supplied by R270 
and R269, diode CR221 will conduct, and a posi­
tive output pulse will be supplied to the retard 
uni vibrator. 

8.e.(2)(d) The optimum phase condition 
between the signal transition positive spikes 
and the phase-lead and lag pulses occurs when 
an output is obtained from each gate for each 
positive spike, as shown in Figure 4-22. 

8.e.(3) Retard and Advance Univibrators 

8.e.(3)(a) The retard and advance uni­
vibrators are identical in operation and circuitry. 
Operation of only the retard univibrator will be 
described. The positive spike output of the 
phase-lag gate is applied to the junction of re­
sistors R269 and R270 and is coupled by means 
of capacitor C219 to the base of normally on 
transistor Q217. The positive spike applied to 
the base of transistor Q217 drives the base of 
the transistor positive with respect to its emit­
ter and turns the transistor off. 

8. e. (3)(b) The c o  11 e c t o r  potential of 
transistor Q217 changes from approximately +1 
to -6 volts as Q217 turns off. Base current 
flows from the -6 volt collector junction of Q217 
through R258 to the base of Q218 and turns it on. 
Its collector potential rapidly changes from -6 
to +1 volt, and C214 will discharge to the new 
value through CR220 which is biased in the for­
ward direction. The discharge path is through 
CR220, the on transistor Q218, R259, the inter­
nal impedances of the +1. 5 and -6 volt supply, 
and R264. The discharge current biases the 
base of Q217 in a positive direction and keeps 
Q217 cut off. 

8.e.(3)(c) After approximately 4 milli­
seconds, the discharge current has decreased 
to a point where the base potential of Q217 be­
comes more and more negative owing to the 
connection of R264 to -6 volts. When a critical 
negative base potential is reached, enough base 
current flows into Q217 to cause it to begin to 
conduct, and its collector potential rises from 
-6 volts to a more positive value. This reduces 
the base current of Q218 proportionately so that 
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it tends to turn off. Since Q218 is in the dis­
charge path of C214, the base current is further 
reduced, and a rapid switching action occurs. 

8.e.(3)(d) When collector Q218 returns 
to -6 volts, diode CR220 will be cut off. C214 
then charges to -6 volts through R266. When 
charging from collector Q218, the action of 
CR220 and R266 disconnects C214 and tends to 
produce a more square output pulse. The out­
put of the retard and advance univibrator is a 
positive, 4 millisecond pulse, varying between 
approximately +1 and -6 volts. It is obtained 
from the collector circuit of the normally off 
transistors Q218 and Q221. 

8.e.(4) Retard Constant-Current Generator 
and Amplifiers (Figure 4-31) 

8.e.(4)(a) Transistor Q225, the retard 
constant-current generator, f u n  c t i o n s  as a 
switch with a current-limiting resistor in the 
emitter circuit as shown in Figure 4-25 The 
base and emitter are returned through appro­
priate resistors to -12 volts, and for all prac­
tical purposes, Q225 is off when no signal is 
applied to its base. The positive pulse from 
the collector of t r a n s i s t o r  Q218 is coupled 
through capacitor C213 and resistor R268 and 
drives the base of transistor Q225 from -12 to 
-8 volts for the duration of the pulse. With 
transistor Q225 on, the emitter will be at -8 
volts also. Current-limiting resistors R293 
and R294 will limit the C220 discharging cur­
rent to a safe value. The discharge path is 
from the output side of C220, through transistor 
Q225, resistor R293 and variable resistor R294 
to the -12 volt side of C220. 

8.e.(4)(b) The above current flow pro­
duces a more negative voltage at the junction of 
resistor R300 and integrating capacitor C220 as 
C220 discharges. If no other signal is furnished 
to capacitor C220 than that from transistor Q225, 
the charge on capacitor C220 will decrease with 
each pulse of energy furnished by transistor 
Q225. Since C220 is being discharged by a con­
stant current source, the capacitor voltage will 
decrease in a linear fashion with each applied 
current pulse. 

8.e.(4)(c) The voltage on capacitor C220 
is representative of the charge on the capaci­
tor. This voltage is indicated by M201 connected 
in series with R300. C220 is connected to the 
base of transistor Q224 which is an emitter fol­
lower amplifier. With a negative voltage on the 
emitter of Q224 in excess of -6 volts (the po­
tential across R292 due to the -6 volt emitter­
base connection of normally on transistor Q223), 
diode CR236 conducts and produces the same 
voltage across r e s i s t o r  R292. The voltage 
across resistor R292 is applied to the base of 
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normally on transistor Q223. As the voltage on 
the base of transistor Q223 is made more nega­
tive, transistor Q223 turns off. The voltage on 
the collector of transistor Q223 will change from 
approximately -6 to +2 volts when Q223 turns 
off. 

8.e.(5) Advance Constant-Current Genera­
tor and Amplifiers (Figure 4-25) 

8.e.(5)(a) Transistor Q230, the advance 
constant-current generator, is connected as a 
switch with a current limiting resistor in the 
emitter circuit. The base and emitter are con­
nected through resistors R308 and R309 to in­
tegrating capacitor C220, and, for all practical 
purposes, Q230 is in the off condition when no 
signal is applied to its base. The positive pulse 
from the collector of transistor Q221 is a. c.­
coupled through capacitors C226 and C216 and 
polarity-maintaining resistor R284 to the base 
of transistor Q230. This pulse drives the base 
of transistor Q230 to +4 volts with respect to 
the potential of C220 and causes Q230 to turn on 
for the duration of the pulse. 

8.e.(5)(b) With transistor Q230 on, the 
emitter will be at nearly the same voltage as 
the base, and a limited current flows through 
Q230 and charges C220 in a positive direction. 
Current flow is from +12 volts through transis­
tor Q230, resistor R308, variable resistor R309 
and C220 to -12 volts. This current flow pro­
duces a positive voltage at the junction of re­
sistor R300 and integrating capacitor C220 and 
causes a positive charge to build up on C220. 
If no other signal is furnished to capacitor C220 
than that from transistor Q230, the charge on · 

capacitor C 220 will increase with each pulse 
furnished by Q2 30. 

8.e.(5)(c) The voltage on capacitor C220 
is representative of the charge on the capacitor 
and is furnished to the base of transistor Q230, 
an emitter follower. With a positive voltage on 
the emitter of transistor Q229 in excess of +6 
volts, diode CR240 conducts and produces the 
same voltage across resistor R307. The voltage 
across resistor R307 is applied to the base of 
normally on transistor Q229. When the voltage 
on the base of transistor Q229 exceeds +6 volts, 
Q229 turns off. 

8.e.(5)(d) The voltage on the collector of 
transistor Q228 will change from approximately 
+6 to -12 volts when Q228 turns off. Prior to 
transistor Q228 turning off, its collector voltage 
is at approximately +6 volts which is applied 
through resistor R304 to the base of transistor 
Q227. This voltage holds the base of Q227 posi­
tive with respect to its emitter and causes 
transistor Q227 to be on. When transistor Q228 
turns off, its collector voltage changes to ap-
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proximately -12 volts which is applied through 
resistor R304 to the base of transistor Q227. 
This voltage holds the bas.e of Q227 negative 
with respect to its emitter and causes transistor 
Q227 to turn off. When transistor Q227 turns 
off, its collector voltage changes from approx­
imately -6 to +2 volts. 

8.e.(6) Retard and Advance Flip-Flops 

8.e.(6)(a) The purpose of these flip-flops 
is to provide buffer storage for the level-sensing 
circuit outputs. These outputs occur at random 
times and cause the flip-flop to be set to its (1) 
state. A short time later, channel A clock re­
sets the flip-flop. A pulse having a fixed phase 
relationship with pulses in the train of drive 
pulses to be altered is produced. 

8.e.(6)(b) The retard and advance flip­
flops are identical in operation and circuitry. 
Operation of only the retard flip-flop will be 
described.· When transistor Q223 turns off, its 
collector voltage changes from approximately 
-6 to +2 volts. With +2 volts on the collector of 
t r a n s i s t o r  Q223, diode CR235 conducts and 
furnishes a positive voltage to the base of trans­
istor Q232-1 which is normally on. When the 
base of transistor Q232-1 is driven positive, 
Q232-1 turns off, and the collector voltage 
changes from approximately +1 to -6 volts. 
With transistor Q232-1 off, -6 volts is fur­
nished to the series resistor network composed 
of R324-1 and R321-1. This circuit drives the 
base of transistor Q233-1 negative and turns 
Q233-1 on. With transistor Q233-1 on, the col­
lector voltage of Q233-1 changes from approxi­
mately -6 to +1 volt. The +1 volt on the col­
lector of transistor Q233-1 is applied through 
resistors R316-1 and R319-1 to the base of 
transistor Q232-1 which holds Q232-1 in the 
off condition. 

8.e.(6)(c) The flip-flop remains in this 
state for variable periods depending on when 
the flip-flop was operated with respect to the 
channel A clock which is used as the reset pulse. 
With the flip-flop in this condition, the output 
from collector Q232-1 is -6 volts and drives 
the retard discharge circuit as will be described 
later. The positive channel A clock pulse is 
differentiated by capacitor C221-1 into a posi­
tive and negative spike, each of which is approx­
imately 6 volts in amplitude. The negative 
spike is blocked by diode CR242-1, but the 
positive spike causes the diode to conduct, and 
the spike will appear on the base of transistor 
Q233-1. The spike causes transistor Q233-1 to 
turn off, and its collector voltage changes from 
approximately +1 to -6 volts. 

8.e.(6)(d) The -6 volts on the collector 
of transistor Q233-1 is applied through resis-
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tors R316-1 and R319-1 to the base of transistor 
Q232-1 and turns Q232-1 on. With transistor 
Q232-1 on, its collector voltage changes from 
-6 to +1 volt. This voltage is applied through 
resistors R324-1 and R321-1 to the base of 
transistor Q233-1 and reinforces the original 
positive pulse and holds Q233-1 off. 

8.e.(6)(e) A positive-going transition ap­
pears at collector Q232-1. This pulse is cou­
pled through C222-1 and CR247-1 to the on base 
of the subtract gate univibrator Q235-1. 

8. e. (7) Retard Discharge (Figure 4-2 5) 

8.e.(7)(a) The purpose of the discharge 
circuits is to slightly alter the potential of 
capacitor C220 following sensing of the critical 
voltage level. This is done to insure that the 
phase position is allowed to stabilize after cor­
rection so that the corrector will not overshoot 
the optimum phase position. It is convenient to 
refer to both add and subtract circuits as dis­
charge circuits when actually, as can be seen 
in Figure 4-23, operation of the retard circuit 
performs a charging operation. 

8.e.(7)(b} When transistor Q232-1 turns 
off, its collector voltage changes from approxi­
mately +1 to -6 volts. The -6 volts is applied 
to resistor R296 and causes the voltage at the 
junction of resistors R297 and R296 to become 
negative. 1uts voltage drives the base of nor­
mally off transistor Q226 negative and causes 
the transistor to turn on. When Q226 is switched 
on J its collector is made near ground potential 
and biases CR237 in the forward direction. C220 
charges through current limiting resistor R299, 
CR237 and Q226 from ground. 

8.e.(7)(c) This charge current brings the 
potential of capacitor C220 nearer to ground po­
tential from its previous critical -6 volt level. 
Thus the output of Q223 drops to -6 volts from 
its previous positive output voltage, and Q232-1 
does not immediately turn off following turn on 
by the reset clock pulse. Charge of the capacitor 
toward ground potential occurs during the var­
iable period between set and reset of the flip­
flop. When the flip-flop is reset, the collector 
voltage of Q232 returns to +1 volt, and the base 
of Q226 is driven positive and drives Q226 off. 
Its collector potential falls to approximately -12 
volts, reverse biasing CR237 and halting the 
charge action. 

8.e.(8) Advance Discharge 

8.e.(8)(a) The purpose of this discharge 
circuit is the same as for the retard discharge 
circuit described above, except that this circuit 
discharges to C 220 to ground after sensing the +6 
volts. 
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8.e.(8){b) When transistor Q232-2 turns 
on, its collector voltage changes from approxi­
mately -6 to +1 volt. The +1 volt is applied to 
resistor R312 and causes the voltage at the 
junction of resistor R312 and R313 to become 
positive. This voltag€ drives the base of nor­
mally off transistor Q231 (NPN) positive and 
causes the transistor to turn on. 

8.e.(8)(c) When Q231 switches on, diode 
CR241 is forward biased, and C220 discharges 
through R315, CR241 and Q231 to ground. This 
action continues until the advance flip-flop is 
reset. At this time, the base of Q231 is driven 
in the off direction, and the +12 volt collector 
potential reverse biases CR241 and opens the 
discharge circuit. 

8.e.{9) Subtract Gate Univibrator (Figure 
4-26) - The subtract-gate univibrator acts to 
generate a pulse of the proper width which will 
block one drive pulse in the train of pulses sup­
plied to divider no. 2 in the demultiplexer. When 
the retard flip -flop is reset by A clock, the col­
lector potential of Q232 changes from -6 to +1 
volt. This positive transition is coupled through 
C222-1 and forward biases CR247 -1. A positive 
transition at the base of Q235-1 results. This 
transistor (normally on) turns off and a cycle of 
monostable operation begins. The circuit is 
identical to that for the retard univibrator de­
scribed previously (paragraph 8.e.(3) ) except 
that the time constant in the normally on base 
circuit is adjusted by R335-1 so that the period 
of the output pulse is 70 microseconds. This 
output is taken from the collector of the nor­
mally on Q235-1. The collector potential is at 
a nominal +1 volt except for a 70 microsecond 
period each time the univibrator operates when 
the potential drops to -6 volts. 

8.e.(10) Add Gate Univibrator (Figure 
4-26) - The add-gate univibrator is identical to 
that of the subtract-gate univibrator. R335-2 is 
adjusted to give an output pulse of 40 microsec­
onds. The output is taken from the collector of 
normally off Q234-2. The output potential is at 
a nominal -6 volts except for a 40 microsecond 
period each time the univibrator operates when 
the potential rises to +1 volt. 

8.e.(ll) Subtract and Add Gates 

8.e. (11)(a) The subtract and add gates are 
identical. They perform similar functions in 
the modification of the train of output drive 
pulses. The gates are also similar to the chan­
nel A gate described in paragraph 8.e.{2) above. 

8.e.{ll){b) R337 in the subtract gate is 
connected to the collector (at +1 volt) of normal­
ly on Q235-1. Diode CR252 is coupled to the 
base of an on transistor Q236. The voltage at 
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the base of Q236 is approximately +1 volt 
(slightly negative with respect to its emitter). 
Thus there is no d.c. bias on CR252 under nor­
mal conditions. 

8.e.(ll)(c) Divider no. 1, the second bi­
nary, is coupled to the subtract gate by C225. 
C225, in combination with R337, CR252, R338 
and the base emitter diode of Q236, form a 
differentiating network. The square pulse 
driving the subtract gate is differentiated as a 
series of positive and negative spikes at the 
junction of C225 and CR252. Positive spikes 
forward bias CR252 and are passed to the base 
of Q236. The negative spikes are blocked by the 
reverse resistance of CR252. 

8.e.(ll){d) Each time that the retard 
univibrator operates, the junction of CR252 and 
R337 drops to -6 volts just before a positive 
transition arrives through C225. CR252 is re­
verse biased for this one pulse and one pulse is 
subtracted from the pulse train. 

8.e.{ll)(e) The add gate normally blocks 
the input pulses which are received from the 
opposite collector of the second binary of di­
vider no. 1. When the add univibrator operates, 
the add gate is enabled to pass one of these 
pulses which is added to the pulse train between 
two adjacent pulses. 

8.e.(12) Output Amplifier - The output am­
plifier consists of Q236 and Q237. Drive pulses 
are coupled to the base of Q236 from CR252 
and CR253 which form an OR gate. Q236 turns 
off for the positive input pulses and produces a 
collector swing from +1.5 volts to a slightly 
negative voltage as the base ofQ237 draws cur­
rent. At the collector of Q237 there appears 
the train of positive drive pulses having voltage 
levels of 0 to -12 volts. 

8.f. FRAMING CIRCUITS 

8.f. (1) General 

8.f.(1)(a) Framing is an operation re­
quired during initial circuit lineup to obtain the 
correct relationship between the incoming mul­
tiplex signal and the operation of the local mul.., 
tiplexer -demultiplexer. When the Receiving 
Group is in frame with the incoming multiplex 
signal, there is exact coincidence between chan­
nel and signal pulses produced by the local and 
distant groups. This is accomplished by ad­
vancing the phase position of divider no. 5 in 
the demultiplexer by integral numbers of signal 
pulse periods·. 

8.f.(1)(b) In order that the added drive 
pulses from the framing circuit do not coincide 
with the normal drive pulses, there must be a 
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definite phase relationship between the two. 
The output of the start element of channel A 
receiving code converter is an ideal source of 
such pulses since framing pulses derived from 
its output are displaced approximately 2 milli­
seconds from the closest normal drive pulse. 

8.f.(2) Semi-Automatic Operation 

8.f.(2)(a) Since the channel A start-stop 
distributor is used as the source of the framing 
pulses, semi -automatic framing is possible when 
no traffic is being transmitted over channel A. 
Under this situation, if an out-of-frame condi­
tion exists, channel A converter will receive a 
character which triggers the start -stop distrib­
utor each time it is received. The start pulse 
from this distributor is coupled through S201 in 
the AUTO position and appears at contact 7 of 
the framing relay K200. When the operator 
depresses the framing switch 8202, the pulses 
at pin 7 of K200 are connected through an out­
put lead to the demultiplexer. At the de multi­
plexer, diode CR542 and C 549 pass only the 
positive transition to the drive amplifier circuit 
for the signal distributor ring. 

8 .f. (2) {b) Each time that the channel A 
receiving code converter recognizes a character, 
a framing pulse advances the relative position 
of the receiving-signal distributor (with respect 
to the transmitting signal distributor) by one 
pulse. This action continues until the channel 
A converter recognizes the idle channel A sig­
nal pattern. The start-stop distributor ceases 
to operate and the framing action stops. The 
operator may now open the framing switch. 

8.f.(3) Manual Operation 

8.f.(3)(a) Under poor radio propagation 
conditions, or under conditions where there is 
traffic on channel A it may be necessary to 
frame the equipment step-by-step. A framing 
flip-flop comprised of Q200 and Q201 is in­
cluded so that, each time that the framing switch 
is depressed, one frame pulse will be added to 
the drive pulse train for the signal distributor. 

8.f.(3){b) With 8201 in the manual posi­
tion, the framing output lead is connected to the 
output of the fl,ip-flop, the collector of Q201. 
When K200 is not operated, positive pulses are 
coupled through C205, armature 11, contact 1 of 
K200, CR200 and C200 to the base of Q201 and 
hold Q201 off. The collector of Q201 is -6 volts. 

8.f.(3}(c) When the framing switch is de­
pressed, the next positive pulse supplied by the 
channel A start-stop distributor is supplied 
through C205, armature 11, contact 2 of K200, 
CR205 and C201 to the base of Q200. Q200 turns 
off and Q201 turns on and produces one positive 
framing pulse which advances the signal distrib­
utor. 
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8.f. (4) Special Framing Considerations 

8.f. (4)(a) Figure 4-27 shows a possible 
phase position between the local frequency di­
viders and the incoming signal during initial 
start-up operations. Study of this timing dia­
gram shows that initially the sampling pulses 
sense the signal pulses near the trailing end of 
the pulses. As the synchronizer establishes 
optimum phase, the sampling pulses are pulled 
into the pulse following the initial one. This 
means that it would be possible to frame the 
equipment only to have the receiver pull out of 
step by one pulse as the synchronizer operates. 

8.f.(4){b) A special circuit has been in­
cluded in the synchronizer to move the phase 
position of the sampling pulse to coincide with 
the correct signal pulse during the framing 
operation. When the framing relay is operated, 
armature 3 connects to contact 4 and closes a 
by-pass connection from the retard univibrator 
output through C219 and CR238 to the base of 
retard flip-flop Q232. 

8.f.(4)(c) Thus when the initial phase po­
sition is retard, pulses are subtracted from the 
drive pulse train each time the retard univibra­
tor is triggered by a signal transition. No by­
pass circuit has to be included on the advance 
side since the add gate will never cause the 
sampling position to move from its initial posi­
tion on one pulse to an adjacent pulse. 

8.g. AUXILIARY CIRCUITS 

8.g.(1) Auxiliary Signal Sampling Ampli­
fier - Repetitive positive pulses varying in po­
tential from approximately -6 to 0 voltage are 
applied to coupling capacitor C212 from the 
emitter of transistor Q528 in the multiplexer­
demultiplexer. The pulses drive the base of 
Q216 positive with respect to the emitter. Since 
Q216 was previously on due to +12 volts being 
applied to the emitter, it turns off when the 
base is driven positive. The output signal at 
the collector of Q216 is at +12 volts except for 
the duration of the sampling pulse at which time 
the collector voltage drops to near -12 volts. 

8.g.(2) Auxiliary A-6 Amplifier 

8.g. (2)(a) The output signal from resistor 
R600 in the no. 6 gate of the A section in the 
matrix of the multiplexer-demultiplexer, when 
present, is a positive pulse varying in potential 
from approximately -6 to 0 voltage. This sig­
nal is applied to the base of transistor Q214, an 
emitter follower amplifier, and produces the 
same signal across the emitter resistor R250 
of Q214. This signal is coupled through capaci­
tor C211 to the junction of resistors R251, R252 
and R253. With no signal furnished by capacitor 
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C211, the voltage at the junction of resistors 
R251 and R253 holds the emitter of transistor 
Q215 at approximately +3 5 volts. 

8.g.(2)(b) Since the base of transistor 
Q215 is returned to +37 volts, it is positive with 
respect to its emitter and Q215 is off. With 
transistor Q215 off, its collector voltage is 
approximately 0 since R254 is returned to 
ground. However, when a signal is furnished 
by capacitor C211, the voltage at the positive 
junction of resistors R551 and R553 rises above 
37 volts. The emitter of transistor Q215 be­
comes positive with respect to its base and 
turns Q215 on for the duration of the signal on 
the emitter. With transistor Q215 on, its col­
lector voltage is approximately +37 volts and a 
positive output pulse from 0 to +37 volts is 
produced. 

8.g. (3) Auxiliary Clock Amplifier - The in­
put signal to the auxiliary clock amplifier is a 
repetitive positive pulse obtained from the no. 1 
element of divider no. 7 in the multiplexer-de­
multiplexer. This pulse varies in amplitude 
from approximately -6 to +1 volt and is fur­
nished to the base of transistor Q212. The aux­
iliary clock amplifier is identical to the auxil­
iary A-6 amplifier except that the output signal 
is a.c.-coupled through C210 from collector 
Q213 to the auxiliary equipment. The output is 
a train of pulses which are approximately 37 
volts peak to peak at a rate determined by the 
speed of operation. 

9. RECEIVING CODE CONVERTER (CV -
407/UGC-1) (Figures 4-34, 4-35 & 6-47) 

9.a. GENERAL (Figure 4-34) 

9 .a. (1) The receiving code converter ac­
cepts multi wire signals from the multiplexer­
demultiplexer and converts them to start-stop 
signals suitable for operation of start-stop 
receiving equipment. See paragraph 3.d.(3) of 
Section 1. The general circuits making up the 
unit are the storage, traffic recognizer, start 
control, start-stop oscillator, start-stop dis­
tributor, signal gates and output relay. 

9.a.(2) The storage circuits consist of five 
junction-transistor flip-flops corresponding to 
the first five code pulses in the multiplex sig­
nal. Each time that a marking element is de­
tected in the demultiplexer matrix, the corres­
ponding storage element will receive an input 
pulse which fires the storage element. When a 
complete character sequence has been received, 
a number of storage elements representing the 
character will be in the on condition. An output 
from each of the storage elements is applied to 
the signal gates. 
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9.a.(3) The traffic-recognizer and start­
control circuits consist of a junction transistor 
flip-flop together with gates for controlling 
operation of the start-stop oscillator. The pri­
mary purpose of these circuits is to insure that 
the start-stop distributor is operated only when 
a character has been received. The firing of 
each storage element and/or receipt of a no. 6 
iriput from the multiplexer -demultiplexer gen­
erates a positive pulse which is passed through 
an OR gate circuit to the traffic recognizer. 
The traffic recognizer, which is normally on, 
will be turned off by the first such pulse which 
is received from each character group. The 
output of the traffic recognizer is applied to the 
start-control gates. This signal, together with 
a clock pulse from the demultiplexer, controls 
operation of the start-stop oscillator. Whenever 
the traffic recognizer has been set, the next 
clock pulse received will trigger the start-stop 
oscillator. A third input to the start-control 
circuit from the start-stop distributor insures 
that the start-stop oscillator, once triggered, 
will oscillate through a complete cycle before 
coming to rest. The traffic recognizer is reset, 
in turn, by the start element of the start-stop 
distributor. The traffic recognizer will then 
remain on until the next character sequence is 
received by the storage. 

9.a. (4) The start-stop oscillator and con­
trol circuits, the squaring and drive amplifier 
and the start-stop distributor are identical to 
corresponding circuits in the transmitting code 
converter. When the start -stop oscillator is 
unclamped, it begins oscillating at a frequency 
whose period is equal to the width of the code 
element in the start-stop signal (22 milliseconds 
at 368 opm). The oscillator output, after being 
shaped by the squaring amplifier, is used to 
generate drive pulses for firing the elements of 
the start -stop distributor. An output from the 
stop element of the distributor is applied to the 
start-control gate, and, when the stop element 
fires, the control gate produces an output which 
clamps the oscillator. As a result, no addition­
al drive pulses are generated, and the start­
stop distributor comes to rest with the stop 
element conducting. The start-stop oscillator 
will remain clamped, and the stop element of 
the start -stop distributor will remain conducting 
until the traffic recognizer is again operated by 
a received character. An output from each of 
the code elements of the distributor is applied 
to the signal gates. 

9.a.(5) The signal gates consist of five 
diode AND gates, one for each code pulse in the 
start-stop signal. Each gate has two inputs 
applied to it, one from the corresponding stor­
age element and one from the corresponding 
distributor element. Each signal gate will pro­
duce a marking output when both its storage 
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input and distributor input are marking simul­
taneously. The output of each of the signal gates 
is combined in an OR gate circuit and then ap­
plied to the output relay circuits. Thus, as the 
start-stop distributor performs its distributing 
cycle, the character stored in the storage ele­
ments is formed by the signal gates into a start­
stop signal and applied to the output relay 
circuits. 

9.a.(6) An output from the stop element of 
the start -stop distributor is also applied to the 
OR gate circuit and, when it conducts, provides 
the marking output corresponding to the stop 
pulse of the start-stop signal. Since there is no 
output from the start element of the start-stop 
distributor to the OR gate circuit, a spacing 
output corresponding to the start pulse will be 
supplied to the output relay circuits during the 
interval that the start element is conducting. 

9.a. (7) Before the storage elements can 
respond to a new code pattern being impressed 
upon them, the previous character must have 
been released. The five storage flip-flops are 
released by the start-stop distributor. As each 
distributor element fires, a release pulse is 
generated which turns off the preceding storage 
element. 

9.a. (8) The output-relay circuit consists of 
a transistor output amplifier which drives a 
mercury contact line relay. The line relay iso­
lates the start -stop circuit from the telegraph 
terminal equipment. The relay contacts will 
close the external circuit when a marking signal 
is applied to the output amplifier. 

9.a.(9) In the channel A receiving code 
converter only, an output from the start element 
of the start -stop distributor is supplied to the 
synchronizer unit for framing. 

9.a.(10) A monitor jack permits monitor­
ing of the output start-stop circuit by a start­
stop receiving equipment. 

9 .a. (11) The five storage elements are con­
nected to an octal receptacle. The neon indica­
tor may be plugged into the receptacle and a 
visual indication of characters in storage ob­
tained. 

9.a.(12) Identical converters are used on 
each channel in the Receiving Group, even though 
the external connections may differ. These 
units are interchangeable. 

9.a.(13) For the detailed treatment of the 
circuits and their operation that follows, refer 
to the timing diagram of Figure 4-27 and the 
schematic wiring diagram of Figure 6-47. 
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9.b. STORAGE 

9.b.(1) The storage circuits consist of five 
identical junction-transistor flip-flops. The 
first five storage elements are formed by 
transistors Q703-1 through Q703-5 and Q704-1 
through Q704-5. Q703 is normally conducting. 
Input pulses from the demultiplexer matrix are 
applied to the five storage elements via C703-1 
through C703-5. An output diode located in the 
demultiplexer unit passes only the positive 
signal transition from its corresponding matrix 
AND gate to C703 where it is sharply differen· 
tiated into a positive impulse. This impulse is 
applied to the base of Q703. It triggers the flip­
flop and causes Q703 to cut off and Q704 to 
conduct. The output from the collectors of 
Q704-1 throughQ704-5 swing from -6 to 0 volt­
age and are applied to the signal gates of Q704 
and the traffic recognizer. 

9.b.(2) To prepare for the next incoming 
character, each of the first five storage ele­
ments is released by the firing of a start-stop 
distributor element. The distributor output 
pulse is sharply differentiated by C704-1 through 
C704-5 but only the positive pulse is passed 
through CR712 and applied to the base of Q704. 
The positive pulse triggers the flip-flop, causes 
Q704 to cut off and Q703 to conduct. Thus each 
storage element is returned to its normal con­
dition before the next input pulse arrives from 
the demultiplexer unit. 

9.c. TRAFFIC RECOGNIZER - The traffic 
recognizer is a flip-flop circuit. The rise in 
collector potential when Q704 turns on is passed 
by diode CR707 and is differentiated by C702 
into a positive -going spike which is applied to 
the base of Q701 (normally on). Since outputs 
from each of the storage elements, as well as 
the no. 6 input from the demultiplexer, are ap­
plied to the base of Q701, the receipt of any or 
all of these pulses will turn Q701 off. Having 
been turned off, the collector potential of Q701 
drops from 0 to -6 volts. This signal is applied 
to CR705 of the start control gate. The traffic 
recognizer is reset by a positive -going pulse 
received from the start element of the start­
stop distributor. This pulse is applied through 
C700 and CR700 to the base of Q700. 

9.d. START CONTROL GATE 

9.d.(1) CR705 and CR706 combine with 
R710 to form an AND gate. Providing either of 
the inputs to CR705 and CR706 are at 0 voltage, 
potential at their junction will be 0. U both in­
puts are at -6 volts, the potential at the junction 
will be -6 volts. Therefore, so long as traffic­
recognizer transistor Q701 is conducting, the 
potential at the junction of CR705 and CR706 will 
remain at 0 voltage. This potential is applied 
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to CR717 which combines with CR718 and R712 
to form a second AND gate. The diodes are 
polarized so that they will conduct when -6 volts 
is applied and become cut off whenever 0 voltage 
is applied. Since the potential applied to CR718 
originates at the stop element of the start-stop 
distributor, which is assumed to be conducting 
and at 0 voltage, the diodes are non -conducting. 
In this condition, bias current flows through 
R712 and R727 to the base of Q705 saturating 
that stage and holding the start-stop oscillator 
clamped. 

9.d.(2) As mentioned above, receipt of a 
signal causes Q701 to be made non-conducting 
and, in turn, causes the collector potential to 
fall to -6 volts. This potential is applied to 
CR705. At this instant, the potential at the 
emitter of Q702 is 0 voltage (see Figure 4-27). 
A short time later, however, the potential at 
Q702 will fall to -6 volts and drive the junction 
of CR705 and CR706 to -6 volts. This potential, 
applied to CR717,drives the voltage at the junc­
tion of CR717 and CR718 to -6 volts. The -6 
volt potential, when applied to R727, drives Q705 
into cutoff and unclamps the start-stop oscilla­
tor which then completes a cycle. Operation of 
the start-stop oscillator steps the start-stop 
distributor. The first drive pulse generated by 
the oscillator turns off the stop element and 
fires the start element of the distributor which 
causes a -6 volt potential to be applied to 
CR718. The oscillator must therefore remain 
unclamped until the stop element of the start­
stop distributor next fires. 

9.e. START-STOP OSCILLATOR,CONTROL 
AMPLIFIER AND CLAMP - When Q705 is satu­
rated, the start-stop oscillator is clamped, and 
when Q705 is cut off, the oscillator is unclamped. 
With Q705 saturated, -6 volts appears at the 
collector. This potential is applied through R728 
to the base of Q706. Bias current flows and 
Q706 becomes saturated and 0 voltage appears 
at the collector. This voltage is applied through 
clamp adjust potentiometer R730 to the junction 
of CR719 and CR720. These diodes become 
forward biased and allow current to flow through 
CR719 and L700 to the -6 volt supply. Oscilla­
tion is effectively swamped. Conversely, with 
Q705 cut off, +12 volts appears on the collector. 
The emitter-base diode of Q706 is then back 
biased and the transistor is cut off. Negative 
12 volts appears on the collector which back 
biases CR719 and CR720. The oscillator is free 
to cycle. Operation of the start-stop oscillator 
and squaring amplifier is identical to that de­
scribed for the transmitting code converter (see 
paragraph 5.f. of this section). 

9.f. START-STOP D I S T R IB U T O R  AND 

DRIVE AMPLIFIER - The operation of the start­
stop distributor and drive amplifier is identical 
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to that described for the transmitting code 
converter (see paragraph 5.i. of this section). 
In addition to generating the start-stop signal, 
the start-stop distributor supplies an input to 
the start control gate, resets the traffic recog­
nizer and resets the five storage flip-flops in 
turn. All of these functions have been discussed. 

9.g. SIGNAL GATES 

9.g.(1) The signal gates consist of five 
identical AND gates, one for each code pulse in 
the start -stop signal. Each gate is formed by 
diodes CR713 and CR715 and resistor R723. 
The output of the corresponding storage element 
and the output of the corresponding code ele­
ment of the start -stop distributor are applied as 
inputs to each gate. When both inputs are at 0 
voltage, the output of the gate will be 0 voltage. 
However, if either input is -6 volts, the output 
of the gate will be -6 volts. 

9.g.(2) The output of each gate is applied 
to an OR gate circuit consisting of diodes 
CR714-1 through CR714-5 and CR716. The out­
put of the stop element of the start -stop dis­
tributor is also applied to this OR gate. When 
all inputs to the OR gate are -6 volts, the out­
put of the gate will be -6 volts. However, if any 
one of the six inputs is 0 voltage, the output of 
the gate will be 0 voltage . The output of this 
gate is applied to the output amplifier. 

9.h. LINE RELAY CIRCUIT 

9.h.(l) The signal is applied to the base of 
Q711, an emitter-follower buffer amplifier. As 
mentioned above, the signal applied is 0 voltage 
for a marking condition and -6 volts for a space. 
This signal is then applied through R7 50 to the 
base of Q712. R750 and R751 are connected to 
form a voltage divider. 

9.h.{2) When the voltage at the emitter of 
Q711 is 0, the voltage at the junction of R750 
and R751 is slightly positive. The emitter-base 
diode of Q712 is therefore biased in the reverse 
direction and the transistor is cut off. Con­
versely, when the voltage at the emitter of Q711 
is -6 volts, the voltage at the base of Q712 at­
tempts to go negative. Since the base-emitter 
diode of Q712 is now biased in the forward di­
rection, bias current flows and the transistor 
saturates. 

9.h.(3) One side of the line relay K700 is 
connected to the collector of Q712 and the other 
side to ground. When the transistor is cut off, 
signifying a mark, current flows through R7 52 
and the relay and closes the contact. When the 
transistor is saturated, however, the relay 
winding is effectively shorted and no current 
flows through the winding. The contact, being 
spring loaded, now opens. 
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9.h.(4) Several components of the convert­
er are used in the external telegraph loop. Z700 
is an arc suppressor for protection of the line 
relay contacts. Monitoring jack J700 permits 
monitoring the external loop signals with start­
stop equipment. Variable resistor R724 is for 
fine adjustment of line current, and meter M700 
gives visual indication of this current. 

10. POWER-OSCILLATOR (Figure 6-8) 

10.a. GENERAL 

10.a.(1) The power-oscillator is a combina­
tion power supply and crystal-oscillator. The 
power-supply provides a.c. and d.c. voltages to 
the major units of the Transmitting and/or Re­
ceiving Group. The crystal oscillator furnishes 
accurately-timed drive pulses necessary for 
multiplexing. See paragraph 3.e. of Section 1. 

10.a. (2) The a.c. power input for the Set is 
connected to the primary of a power transform­
er. The d.c. supplies are conventional full-wave 
rectifiers with inductor -capacitor filters. In­
asmuch as the voltage margins in the multiplex 
groups are sufficient to tolerate ±10% variations 
in the output voltages resulting from line volt­
age changes, the d.c. voltages are not regulated. 
A -12 volt supply voltage is set to its nominal 
value by means of a tap switch on the primary 
of the power transformer. This selected pri­
mary voltage thus adjusts all of the supply 
voltages near their nominal values. Fine ad­
justment of certain outputs is provided. 

10.a.{3) The frequency drive pulses are 
derived from a temperature -controlled crystal 
oscillator. The pulses drive a 4 :1 divider that 
consists of two binaries, each of which divides 
by two. 

10.a.(4) For the detailed treatment of the 
circuits and their operation which follows, refer 
to the schematic wiring diagram of Figure 6-8. 

10.b. POWER INPUT - The a.c. power input 
(see Table 1 of Section 1) is led to the power 
oscillator through plug P1400 and receptacle 
J101 located on the rear plate (see Figure 1-3). 
Two convenience receptacles J102 and J103 are 
connected directly across the power source and 
are protected by fuse F101. FromJ101 the pow­
er passes through a double -pole power switch 
S101 to tap switch 8102 and the primary of the 
power transformer T101. Each side of the in­
put is guarded by a blown fuse indicator which 
includes a fuse (F102 and F103) and a neon lamp. 

10.c. POWER SUPPLY 

10.c.(1) T101 is a stepdown transformer 
having 2% primary taps and multiple secondary 
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taps which produce the various output voltages. 
All of the d.c. supplies are full wave rectifiers 
using the common center tap 23 as reference 
{ground) except the isolated 12 volt supply which 
floats with respect to ground (T101 terminals 
14, 15, 16). The proper a.c. input voltage can 
be obtained by means of the tap switch S102 and 
voltmeter M101. W ith voltmeter switch S103 in 
the -12 volt position, the tap switch is adjusted 
until the -12 volt supply produces its nominal 
voltage. 

10.c.(2) Following the setting of the tap 
switch, variable resistors R102, R103 and R104 
are adjusted to give nominal values for the +12, 
+6 and -6 volt supplies respectively. The var­
iable resistances are low-resistance, 25-watt 
units. Increasing their resistance increases 
their IR drop and reduces the available output 
voltage. Variable resistor R101 is in shunt 
with +50 volt supply. The +37 volt supply is de­
rived from the tap on this resistance. R106, 
R109, and R111 are fixed shunt resistors which 
are used to bring the various outputs not having 
individual adjustments to their nominal value, 
or, if an adjustment is provided, to bring the 
range of adjustment within limits. 

10.c. (3) 12.6 volts a.c. is obtained from 
terminals 11 and 13 of T101 and is supplied to 
the crystal oscillator oven. 6.3 volts a.c. is ob­
tained from terminals 12 and 13 and is supplied 
to the synchronizer amplifier for powering the 
framing relay. All output voltages are supplied 
to interconnecting connectors J106 and J107. 

10.d. CRYSTAL OSCILLATOR AND FIRST 
DIVIDER 

10.d.{1) The crystal oscillator consists of 
a crystal and a silicon transistor operating in a 
modified Colpitts oscillator circuit. Battery 
(ground) is supplied to the oscillator transistor 
through a dropping resistor and a 4700 ohm re­
sistor at the collector. Negative 12 volts is 
supplied to the emitter. A Zener diode, bypassed 
by a capacitor connected from the emitter to the 
termination of the collector load resistance, 
holds the oscillator supply voltage at a constant 
9 volts. This eliminates the possibility of the 
oscillator frequency changing with fluctuating 
line voltage. An 82000 ohm resistor supplies 
the necessary base current and biases the trans­
istor so that the collector current is approxi­
mately 1. 5 milliamperes. The connection of 
this resistor to the collector also provides in­
verse feedback to the amplifier circuit (see 
paragraph 10.d.(4} below}. 

10.d.(2) The crystal is driven from the 
collector at the oscillator transistor. A pi tank 
circuit is tuned to resonance with the crystal 
frequency. Its high input impedance provides a 
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good impedance match for the crystal. The 
0.002 UF and 0.005 UF capacitors provide im­
pedance matching. The feedback to the base of 
the transistor is taken across the 0.005 UF ca­
pacitor. Approximately 500 ohms impedance to 
ground appears at this point. Consequently, 
there is a good impedance match to the base of 
the oscillator transistor. The crystal frequency 
can be varied by tuning the external trimmer 
capacitor C120. 

10.d.(3} The output is taken from the junc­
tion of the tank inductor and the 0.002 UF capac­
itor where approximately 2000 ohms impedance 
to ground exists. A transistor is connected at 
this junction in an emitter follower circuit and 
the signal is coupled to the base through a 0.005 
UF capacitor. Inasmuch as this circuit's input 
impedance, which is determined largely by base­
biasing resistances, is in the order of 30,000 
ohms, there is practically no loading of the 
crystal oscillator by the output circuit. The 
negative base bias established by the voltage­
divider resistors (82K and 47K) allows the 
emitter follower to conduct when the signal 
goes positive, but to cut off when the signal 
goes sufficiently negative. The output signal is 
sinusoidal but with the bottom part of the nega­
tive cycles clipped off. 

10.d.{4) The output of the oscillator is 
connected to the LOC terminal on E101. An­
other terminal on E101, marked EXT, is con­
nected through coax cable to an input connector 
J105 to permit use of an external frequency 
standard. The LOC (or EXT) terminal is 
strapped to the center terminal of E101 which 
brings the signal out to pin J of J112. 

10.d.(5) The transistor amplifier on Z101 
is connected as a grounded emitter with its base 
returned through 10,000 ohms to ground. This 
transistor is normally conducting. Output is 
taken at the collector which is at approximately 
0 voltage under idle conditions. As the input 
signal drives the base positive, the transistor 
becomes back biased, conduction decreases and 
the output voltage goes more negative. The in­
put signal begins to drop back to zero, but the 
0.01 capacitor and 4700 ohm resistor provide a 
long time constant and keep the base slightly 
positive. When the input signal goes negative 
and drives the base negative, the collector volt­
age goes back to zero and stays there until the 
next positive pulse. The output at the collector 
is a relatively-squared half-sine wave. 

10.d. (6} The positive 12 volt transitions are 
differentiated by the 0.002 UF capacitors and 
the 5600 ohm resistors in the input to the first 
binary. Operation of the binary circuit was 
described previously in paragraph 7 .b. of this 
section. At the output terminal, pin J of J111, 
only one positive transition is produced for two 
positive input transitions. 
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10.d. {7) Operation of the second binary is 
identical to the first, and a frequency division of 
two again results. The output signals from the 
collectors of the second binary have a nominal 
amplitude of 6 volts (0 to -6 volts) and are 1800 
out of phase with respect to each other. The 
collector output terminals H and J of JllO are 
brought out to the interconnecting connectors 
(J106 and J107} on the rear plate. Pin H of JllO 
is connected to pin R of J106 and J107; pin J of 
JllO is connected to pin P of J106 and J107. 

10.e. MON ITOR CIRCUITS 

10.e.(1) Frequency meter M102 utilizes 
tuned reeds to give an indication of frequency. 
The meter is divided into 3 areas with 5 reeds 
per area. The ends of the reeds are bent at 
right angles and painted white so that they are 
visible against the black background of the meter 
face. The center reed of each group is tuned to 
resonate when one of the frequencies from the 
squaring amplifiers of the code converters is 
applied; i.e., 45.45 cps for 60 wpm operation, 
56.87 cps for 75 wpm operation and 74.2 cps 
for 100 wpm operation. The two reeds in each 
group adjacent to the center reeds are tuned to 
frequencies 2% above and below the center fre­
quencies. The two reeds at the extremes of each 
group are tuned to 4% above and below the cen­
ter frequencies. 

10.e.(2) The frequency meter is driven by 
a PNP emitter-follower amplifier mounted on 
ZlOl. When an input of 12 volts peak to peak 
is obtained from the squaring amplifier (test 
pin no. 3) of either of the code converters, the 
center reed of the proper wpm section will 
vibrate with an amplitude of approximately 0.250 
inch. 

11. NEON INDICATOR (Figure 6-36) 

ll.a. GENERAL - The neon indicator pro­
vides a visual indication of the operation of the 
transmitting and receiving code converters. 
This is accomplished by monitoring the opera­
tion of the second-level storage element of the 
transmitting converter and the storage elements 
of the receiving converter. See paragraph 3 .c. (4) 
of Section 1. For the detailed treatment of cir­
cuit operation which follows, refer to schematic 
wiring diagram of Figure 6-36 . 

11.b. POWER S UPPLY 

ll.b.(l} A.C. power is supplied to the unit 
through P408 to the primary of power transform­
er T401. Neon indicator DS407 glows when pri­
mary power is applied. 

ll.b.(2) The secondary of T401 is connected 
to CR413 and the B+ power supply-connection. 
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CR413 provides half wave rectification of the 
a.c. input, and R481 and C410 filter the result­
ing pulsating d.c. voltage. R479 and R480 form 
a voltage divider whose center point is grounded. 
Two voltages are therefore generated with ref­
erence to cabinet or chassis ground, +40 volts 
and -60 volts. These voltages are applied to the 
six neon indicator circuits. 

ll.c. NEON LIGHT CIRCUITS 

11.c.(1) The six neon light circuits are 
identical to each other, and operate independ­
ently. Each of the neon indicators, DS401 to 
DS406, receive a drive from an associated 
transistor, Q419 to Q424 respectively. 

11.c. (2) The collectors of the driver trans­
istors are returned to the -60 volt supply through 
resistors R483, R4591 R463, R467, R471 and 
R475. The emitters are returned to ground. 
The bases are connected to their respective 
inputs through resistors R485, R461, R465, 
R469, R473 and R477, and also to the +40 volt 
supply through resistors R486, R462, R466, 
R470, R474 and R478. The operation of one 
circuit will now be discussed since all are 
identical. 
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ll.c.(3) When input no. 1 is connected, and 
is at zero volts, the voltage appearing at the 
base of Q419 will be slightly positive with re­
spect to the emitter due to the divider effect of 
R485 and R486. Since the base-emitter diode 
of PNPtransistor Q419 is then back biased, that 
transistor is non-conductive. The negative sup­
ply potential is therefore applied, through R483 
and R484 to a terminal of DS401. Since the 
other terminal of DS401 is connected directly 
to the +40 volt supply, approximately 100 volts 
appears across DS401. This potential is suf­
ficient to fire the indicator. Approximately 1 
milliampere of current flows. 

11.c.(4) When a -6 volt signal is supplied 
at input no. 1, the voltage at the base of Q419 
becomes negative with respect to the emitter. 
Bias current flows and the transistor saturates. 
Since the emitter is grounded, 0 voltage appears 
at the collector, and at the junction of R483 an d 
R484. This voltage is applied to DS401. Since 
only 40 volts, which is inadequate to fire the 
neon unit, now appear across the terminals of 
DS401, the light is extinguished. 

ll.c.(5) Consequently DS401 fires when­
ever 0 voltage is applied at input no. 1, and is 
extinguished when -6 volts is applied. The 
other indicators operate in an identical fashion. 
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