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1-1 

SECTION 1 

GENERAL INFORMATION 

1-1. GENERAL DESCRIPTION. 

This manual provides installation, operation, 
theory and maintenance information for Terminal 
Telegraph AN/UGC-1A. The major units of the 
equipment are: the Transmitter Group OA-3445/UG 
C-1A; the Receiver Group OA-3444/UGC-lA; and 
the Oscillator-Power Supply 0-872/UGC-1A. 

a. Terminal, Telegraph AN/UGC-1A is a com­
pletely transistorized unit providing terminal faci­
lities for a multiplex system. The equipment may 
be installed either in a ship or at a shore-based sta­
tion. A pictorial representation of a typical ship­
board installation is shown in Figure 1-1. The ex­
ternal equipment is not supplied, but is Government 
Furnished Equipment. 

b. The primary purpose of a multiplex system 
such as the Terminal, Telegraph AN/UGC-lA is to 
increase the message handling capacity of telegraph 
channels and the transmission equipment associated 
with them. This end is accomplished by the trans­
mission of several messages over a common chan­
nel. The transmitting equipment of a time sharing 
multiplex system accepts start-stop signals from a 
number of circuits, converts them to multiplex sig­
nals (in effect, compressing them in time) and 
transmits them over a common channel. The re­
ceiving equipment at a distant station accepts the 
multiplex signals, converts them to start-stop sig­
nals (in effect,expands them in time) and distributes 
them in the proper order to a corresponding number 
of circuits. 

c. The Multiplex Set is housed in three cabinets, 
one each for the Transmitter and Receiver Groups 
and the Oscillator-Power Supply. Each cabinet may 
be rack or floor mounted, or they may be stacked 
one on top of the other in any desired order. A 
floor mounting is provided. 

d. Basic mounting facilities for the comp\)nents 
of each major unit of the Transmitter and Receiver 
Groups are provided by an aluminum frame and a 
front panel. A maximum of six printed circuit 
cards is inserted into connectors in each drawer. 
The other components of the unit, such as switches, 
fuses, variable resistors, capacitors, relays, etc., 
are located on a bracket beneath the printed circuit 
cards. All output circuits of a drawer lead to an 
AN-type connector at the rear of the drawer. The 
twelve units, referred to as drawers, slide into 
vertical slots in their respective cabinets. 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 

ORIGINA L 

set is in operation. All components are visible and 
readily accessible when the drawers are withdrawn. 

e. The Oscillator-Power Supply is housed in a 
separate cabinet and can be withdrawn for servicing. 

f. External connections to the cabinets are made 
by AN-type connectors located on the rear plates. 
An input-output connector, 3P3, (without cable) on 
the Transmitter Group provides for the input start­
stop signals and the output multiplex signals. A 
similar connector, 2P3, on the Receiver Group pro­
vides for the input multiplex signals and the output 
start-stop signals. If desired, the above connec­
tions can be made to terminal strips located under 
small covers on the rear plate. Connectors 3P1 
and 2P1 (drip-proof) on the Transmitter and Re­
ceiver Groups provide for interconnection with aux­
iliary equipment (not furnished). The Transmitter 
and Receiver Groups are linked to the power supply 
by interconnecting cables and connectors. A con­
nector (1P14), cable, and plug connect the Oscil­
lator-Power Supply with the primary ac power. A 
coaxial cable connector 1P13 (drip-proof) is used 
when an external frequency standard is employed in 
place of the crystal oscillator. 

1-2. EQUIPMENT DESCRIPTION. 

a. The Terminal, Telegraph AN/UGC-1A is 
made up of the following major units as shown in 
Figure 1-2. 

(1) Transmitter Group OA-3445/UGC-1A. 

(a) Cabinet, Electrical Equipment CY -3255/ 
UGC-1A. 

(b) Telegraph Code Converter CV-1217/UGC-
1A. 

(c) Multiplexer-Demultiplexer TD-515/UGC-
1A. 

(d) Control Amplifier AM-3107/UGC-1A. 

(e) Code Converter Indicator ID-965/UGC-1A. 

(2) Receiver Group OA-3444/UGC-1A. 

(a) Electrical Equipment Cabinet CY -3254/ 
UGC-1A. 

1A. 

(b) Electrical Synchronizer SN -313/UGC -1A. 

(c) Multiplexer-Demultiplexer TD-515/UGC-

1-1 
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Paragraph 
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(d) Telegraph Code Converter CV-1218/UGC-
1A. 

(3) Oscillator-Power Supply 0-872/UGC-1A. 

(4) Electrical Equipment Cabinet CY -3253/ 
UGC-1A. 

b. Transistors and other solid-state devices are 
employed in the design of the Multiplex Set to 
achieve minimum size, weight and power consump­
tion. A primary ac power source of 115 volts ± 

10%, single phase, 50/60 cycles per second + 5% is 
required. The Multiplex Set will operate wiffi start­
stop equipment running at speeds of 60, 75, and 
100 words per minute. Framing may be accom­
plished either semi-automatically or manually, and 
the Multiplex Set may be operated on a local loop to 
effect circuit line up. Various meters and a port­
able neon indicator are provided for test and adjust­
ment purposes. Test jacks on the various printed 
circuit cards provide for monitoring the circuit 
waveforms by an oscilloscope (not furnished). The 
equipment is drip-proof and will operate in an am­
bient temperature range of 0 to 50 degrees centi­
grade (32 to 122 degrees F). The multiplex signals 
of this Multiplex Set are completely compatible with 
those of the AN/FGC-5 Electronic Multiplex Set at 
60 and 75 wpm. 

1 - 3. FUNCTIONAL DESCRIPTION. 

a. GENERAL. - The Transmitter Group accepts 
neutral start-stop signals from two, three, or four 
separate circuits and assembles them in sequential 
order for multiplex transmission over a single cir­
cuit. The Receiver Group accepts multiplex sig­
nals from a distant source, converts them to start­
stop fOrm and distributes them to two, three, or 
four separate circuits. The Oscillator-Power 
Supply provides the necessary voltages and a fre­
quency standard for the Transmitter and Receiver 
Groups. 

b. TRANSMITTER GROUP OA-3445/UGC-1A.­
The Transmitter Group consists of four Converters, 
Telegraph Code CV-1217/UGC-1A, one Demulti­
plexer-Multiplexer TD-515/UGC-1A, and one Am­
plifier, Control AM-3107/UGC-1A. The Indicator, 
Code Coverter ID-965/UGC-1A , is stored in the 
Control Amplifier drawer. 

(1) CONVERTER, TELEGRAPH CODE CV-1217 
/UGC-1A. - The Transmitter Code Con­

verter accepts conventional start-stop signals from 
an external equipment and converts them to multi­
wire signals. The outputs of the Transmitter Code 
Converters are six-wire parallel signals applied to 
the Mux-Demux. The Transmitter Group may em­
ploy two, three, or four Transmitter Code Convert­
ers depending on the number of start-stop channels 
in use. One Transmitter Code Converter is re­
quired for each channel. 

(2) DEMULTIPLEXER-MULTIPLEXER TD-515 

ORIGINAL 

/UGC -1A.- The Mux-Demux plays a dual 
role of a multiplexing device in the Transmitter 
Group, and a demultiplexing device in the Receiver 
Group. In the Transmitter Group, the Mux-Demux 
accepts the multiwire signals from the operating 
Transmitter Code Converters and combines them 
into multiplex signals which are applied to the 
control amplifier. 

(3) AMPLIFIER ,CONTROL AM-3017/UGC-1A.­
The Control Amplifier accepts multiplex signals 
from the Mux-Demux unit and amplifies them to 
the voltage or current levels suitable for use by 
local or remote signal circuits. The control am­
plifier has provisions for generating a steady mark, 
a steady space, or ac reversals for test and align­
ment purposes. The unit also furnishes signals to 
auxiliary equipment at the proper voltage levels. 

(4) INDICATOR, CODE CONVERTER ID-965/ 
UGC-1A.- The Code Converter Indicator 

is a test instrument which is normally stored in the 
Control Amplifier drawer. The neon indicator pro­
vides a visual indication of the operation of the 
Transmitter and Receiver Code Converters. Seven 
neon lamps are located on the front of this unit. Six 
of these lamps, each of which is driven by one level 
of the multiwire signals at the code converter, indi­
cate the condition of the storage circuits. The 
seventh lamp is an ac power indicator. The neon 
indicator is connected to the code converter under 
test by a flexible cable and a plug arrangement. 

c. RECEIVER GROUP OA-3444/UGC-1A.- The 
Receiver Group consists of one Synchronizer, Elec­
trical SW-313/UGC-1A, one Demultiplexer-Multi­
plexer TD-515/UGC-1A and four Converters, Tel­
egraph Code CV-1217/UGC-1A. 

(1) SYNCHRONIZER , ELECTRICAL SN-313/ 
UGC-1A. -The Synch Unit accepts multi­

plex signals from a local or remote signal line, am­
plifies them and furnishes both inverted and normal 
versions to the Mux-Demux. In addition, the Synch 
Unit maintains the correct phase relationship be­
tween the incoming multiplex signals and the local 
frequency standard by adding or subtracting from 
drive pulses derived from the Oscillator-Power 
Supply. The Synch Unit also provides special sig­
nals used by auxiliary equipment. 

(2) DEMULTIPLEXER-MULTIPLEXER TD-
515/UGC-1A. The Mux-Demux accepts 

synchronous multiplex signals from the Synch Unit 
and furnishes multiwire signals to the Receiver 
Code Converters. 

(3) CONVERTER, TELEGRAPH CODE CV -12 
18/UGC-1A . -The Transmitter Code 

Converter accepts multiwire signals from the Mux­
Demux and converts them to start-stop signals suit­
able for operation of corresponding receiving equip­
ment. The Receiver Group may employ two, three 
or four Receiver Code Converters depending on the 
number of start-stop channels in use. One code 
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Figure 1-2. Terminal, Telegraph AN/UGC-1A. 

converter is required for each channel. In addition, 
this unit contains alarm circuits which detect 
out-of-frame conditions at the Receiver Code Con­
verters. An out-of-frame condition results when­
ever the Receiver Code Converter is displaced in 
time one or more signal elements from its trans­
mitting counterpart. When this condition is de­
tected, an audio and visual alarm occurs and the 
output lines of the Receiver Code Converters are 
locked-up in a marking condition. 

d. OSCIL LATOR-POWER SUPPLY 0-872/UGC-
1A.- The power supply provides de and 

ac voltages and accurately-timed frequency drive 
pulses for the Transmitter and Receiver Groups. 
The binary drive pulses are provided by a crystal 
oscillator. This oscillator is packaged in a herm­
etically sealed oven. Two crystal oscillators are 

1-4 

contained in the power supply, one for 60 and 75 
word-per-minute operation and one for 100 word­
per-minute operation. 

1-4. QUICK REFERENCE DATA. 

Power input requirement 

115V +10%, 1 phase, 50/60 +5% cps power 
factor-0. 9, current 1. 5A, power dissipation 
160 watts. 

Ambient temperature range 

Operation, 0°C to 50°C (32°F to 122°F), 
storage -40°C to +65°C (-40°F to +149°F) 

Input to Transmitter Group 
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Neutral start-stop signals of 0. 020 or 
0. 060 ampere de; external battery required. 

Output of Transmitter Group 

Multiplex signals, current keyed neutral 
de signals of 0. 020 or 0. 060 ampere for 
remote transmission line; external battery 
of 130v (not exceeding 150v) required. 

Input to Receiver Group 

Multiplex signals, current keyed neutral 
de signals of 0. 020 or 0. 060 ampere; ex­
ternal battery required. 

Output of Receiver Group 

Neutral start-stop signals of 0. 020 or 0. 060 
ampere de; less than 2% distortion of signals 
for all specified conditions of temperature 
and voltage; external battery required. 

Auxiliary output signals of Transmitter Group 

a. Positive-going pulses, amplitude 37v 
10, 000 ohm impedance, minimum dura­
tion 150 1.\.S, repetition rates: 60 wpm-
450 pps; 75 wpm-562. 5 pps; 100 wpm-
773, 69 pps. 

b. Signal corresponding to normal multi­
plex signal but inverted: amplitudes of 
Ov for mark and +50v for space de­
veloped across 220, 000 ohms. 

c. Negative pulses with 24v amplitude 
across 1 megohm; time duration of 
each pulse greater than 71..\S, repitition 
rate equal to baud of multiplex signal; 
pluses occur within 30 �s, of start of 
each code element specified in b. above. 

d. Positive pulse with 37v amplitude de­
veloped across 10, 000 ohms; time dura­
tion of pulse greater than 150 LC.s; pulse 
occurs within 30 ll s after start of first 
code element in channel B appearing in 
inverted multiplex output signal. 

Auxiliary output signals of Receiver Group 

ORIGINAL 

a. Positive-going pulses: Same as spec­
ified in a. of Auxiliary output signals of 
Transmitter Group. 

b. Signal corresponding to normal multi­
plex signal but inverted: Same as speci­
fied in b. of Auxiliary output signals 
of the Transmitter Group. 

c. Positive pulse with amplitude be­
tween +32. 5 and +42v developed across 
impedance not greater than 10,000 
ohms; time duration of pulse 150 l.l s 
or greater; rise time one millisecond 
or less; pulse occurs within first half 
of sixth code element of channel A as 
an inverted multiplex signal and occurs 
only when the sixth code element of the 
signal being received by channel A is 
marking. 

d. Negative-going pulses with amplitudes 
not less than 15v developed across not 
greater than 10,000 ohms impedance; 
time duration of pulses 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 b. above. 

Auxiliary input signals of Transmitter Group 

Inverted multiplex signal from auxiliary 
equipment; signal amplitude of 0 (+2) volts 
for mark and +55 (+20, -10 volts) for space; 
input impedance is 50,000 ohms. 

Auxiliary input signals of Receiver Group 

Inverted multiplex signal from auxiliary 
equipment; signal amplitude of 0 (+ 2) 
volts for mark and +9 (+20, -10 volts) 
for space; signal is delayed 1/2 of a code 
element from signal specified in b. of Aux­
iliary output signals of Transmitter Group. 

Overall dimensions (Transmitter Receiver Groups 
and Oscillator Power Supply Groups without 
hase or shock mount) 

33-1/4 in. (h)x 17 in. (w.)x 25 in. (d.) 
Total weight 

280 lbs. 
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SECTION 2 

INSTALLATION 

2-1. UNPACKING AND HANDLING. 

a. The Terminal Telegraph AN/UGC-1A is 
packed in a large wooden box, which also contains 
maintenance spare parts, the instruction manual, 
the mounting hardware and the accessories require­
ed for installation. It is important to inspect the 
location where the equipment is to be installed to 
make certain that ample room is provided at the 
rear of the cabinet after the set is installed. Fig­
ure 2-1 provides dimension information for this 
purpose. 

b. The equipment is packaged with a moisture­
vapor-proof barrier. Individual items in the main­
terrance spare parts box are also so packaged. If 
the unit is removed from the shipping box do not 
break the moisture-proof barrier until final 
installation is begun. 

c. Remove the nails that secure the front panel 
and the top of the wooden box. This exposes the 
unit in its protective covering. Remove the corru­
gated detail at the top and lift the unit from the skid 
and lower detail. Remove the protective covering 
when the unit is to be installed. If the unit is to be 
rack mounted remove the brackets (107, 377, 
101, 397) , the rear brackets and the bag of 
mounting hardware from the shipping box. 

2-2. SITE SELECTION. 

a. The equipment may be installed in either a 
fixed or mobile station. 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 Multi­
plex Set be mounted at table-top height above the 
floor. The base (201, 892) 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 6 feet high but nar­
rower (17 inches) than conventional relay racks. If 
possible, a Transmitter Group, a Receiver Group 
and a common Oscillator-Power Supply Group 
should be installed together. This arrangement 
facilitates the overall testing of the equipment dur­
ing routine maintenance checks. 

b. The Multiplex Set should be installed in a 
shelter which is kept at temperature consistent 
with human habitation. 

c. Where rear accessibility is limited to less 
than 18 inches, the Oscillator-Power Supply Group 
should be installed as the lower unit in the cabinet 
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assembly--see figure 2-1. This procedure 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 connectors on the rear panels 
cannot be removed. A shock mounting 
bracket (201, 891) is provided with the 
equipment to protect the AN -type connectors 
and provide minimum cabinet to wall 
distance. 

2-3. POWER REQUIREMENTS AND DISTRIBUTIJN 

During operation at normal room temperatures, 
the Multiplex Set requires 160 watts of power from 
a 115 volt ac source. The unit has a power factor 
of 0. 5. Refer to the power distribution information 
in figure 2-2. Note that the set will function on 50 
to 60 cycle current; however, the associated motor 
driven readers and printers will require a fre­
quency tolerance of + 0. 5 cycle unless governed 
motors are used. -

2-4. INSTALLATION LAYOUT. 

a. The Multiplex Set will operate for long 
periods of time with a minimum amount of 
attention. The automatic misframe detection 
circuits provide visual and audible alarms to pre­
vent misrouting of traffic. 

b. A typical shipboard installation in which 
the TT-23/SG patch panels are used is shown in 
figure 1-1. 

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 
multiplex channels. 

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

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

f. Mount base to floor or to table. Drill the 
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mounting holes in accordance with the dimensions 
shown on figure 2-1. 

g. Fasten lower cabinet to the base using the 
1/4 x 20-1/2 inch screws with the moisture sealing 
gasket. See figure 2-3. 

h. Connect the power cables from the Oscillator 
Power Supply to the Transmitter and Receiver 
Groups as shown in figure 2-4. Connect the patch 
panel (TT-23/SG) in accordance with figure 2-4. 

i. Connect an ac power cable (three wires) to 
the plug (1P 14) that is furnished. Connect the input 
and output circuits (shielded pairs) to the Trans­
mitter and Receiver Groups. The latter connection 
is made to terminal boards 2TB2, 2TB3, 3TB2, and 
3TB3 when the access plates (101, 453) are removed. 
On installation where it is necessary to maintain a 
drip proof seal, the signal connections should be 

made to the AN-type connectors. See f igures 2-4 or 
2-1. 

j. If auxiliary equipment is to be used in con­
junction with the Multiplex Set, remove the dummy 
plugs from 2Jl and 3Jl. Use plugs 2P1 and 3P1 for 
this purpose, and connect cables to plugs as shown 
in figure 2-4. 

k. Make sure that power switch S1 on the 
Oscillator-Power Supply is in its OFF position. 
Connect the power cable plug 1P14 to 1J14. The 
equipment is now ready for operation. 

2-5. ASSEMBLY OF MULTIPLEX SET IN A 
RELAY RACK (Navy Type CY597 A/G). 

a. Attach the cabinet ear brackets (101, 377, and 
101, 397) to the Transmitter Group Cabinet, 
Receiving Group Cabinet, and Oscillator Power 
Supply Cabinet. 

b. Install the right and left brackets on the 
right and left vertical angles of the CY597 A/ G 
cabinet. The angles are positioned approximately 
15 inches to the rear of the front surface of the 
cabinet. The brackets should be mounted using the 
pretapped holes in the angles so that the rear of 
each cabinet rests on the brackets. 

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

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

2-6. INSTALLATION REQUIREMENTS. 

a. INSTALLATION POINTERS. 

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

(2) Exercise care when the signal input and 
output leads are connected to their terminals so 
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that the polarities shown in figure 2-4 are 
maintained. 

b. OUTLINE DRAWINGS.- Refer to figures 
2-2 and 2-1 to obtain the dimensional requirements 
for installation. Note that the Oscillator-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. 

c. LOCAL TEST. - If the Transmitter and 
Receiving Groups are installed at different locations 
it is recommended that the Oscillator-Power Supply 
circuits be used to connect them. The local multi­
plex signal is brought out to terminal No. 5 of 2TB3 
and 3TB3, as well as pin L of 2J3 and 3J3. The 
groups are wired at the factory so that the local con­
nection for the usual send-receive combination is 
made through the oscillator power supply by means 
of 2J2 and 3J2--pin L. If the Transmitter and 
Receiving Groups are separated, it is necessary to 
remove the brass strap between the upper and lower 
screw of No. 5 terminal on 2TB3 and 3TB3. Refer 
to figure 2-4. 

d. INTERCONNECTION DIAGRAMS. - If the 
Transmitter and the Receiver Groups are to be 
installed at different locations it is required that 
the local multiplex circuits be used to connect them. 
The LOCAL multiplex signal is brought out to the 
Terminal Boards (2TB2 and 2TB3) on the rear of 
the Receiver Group and to the Terminal Boards 
(3TB2 and 3TB3) on the Transmitter Group. The 
Groups are factory wired so that the local multi­
plex circuits be used to connect them. The LOCAL 
multiplex signal is brought out to the Terminal 
Boards (2TB2 and 2TB3) on the rear of the Receiver 
Group and to the Terminal Boards (3TB2 and 3TB3) 
on the Transmitter Group. The Groups are factory 
wired so that the local connection for the usual send­
receive combination is made through the Oscillator­
Power Supply by means of the appropriate Connector 
(Refer to figure 2-4.) Note that in case the Groups 
are separated, it will be necessary to remove the 
jumper between terminals 7 of Terminal Board 
2TB2 and Terminal Board 2TB3. 

2-7. INSPECTION AND ADJUSTMENT. 

a. The crystal oscillator for the desired speed 
of operation should be located in socket 1J8. The 
alternate oscillator should be in the reserve socket 
1J7. 

b. ENERGIZING THE EQUIPMENT. 

(1) With the power switch OFF, pull the 
Oscillator-Power Supply out of its cabinet so that 
the control mounting bracket is accessible. 

(2) Turn the power switch ON. 

(3) With power applied, the de voltmeter should 
be observed as the voltmeter selector switch (on the 
front panel) is rotated. The de voltages furnished by 
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Figure 2-3. Cabinet Assembly 

the Oscillator-Power Supply should fall within 5o/c of 
their nominal values. The rheostats on the control 
mounting bracket are factory-set and locked in posi­
tion. They should not require adjustment this time. 

(4) The de line currents are supplied by the 
external 130 volt supplies. Observe each code con­
verter line current meter to see that it provides an 
indication. Set the local-remote switches in the 
Control-Amplifier and the Synch-Unit to LOCAL. 
Set the Control Amplifier switch on the output-meters 
on the Transmitter and Receiver Code Converters 
and the MUX LINE CURRENT meters on the Synch 
Unit and Control Amplifier drawers. If any of the 
signal lines were reversed during installation, the 
meters will be pegged to the left of zero and steps 
will have to be taken to correct the signal polarity. 

ORIGINAL 

(5) Note that the DISTRIBUTOR CYCLE meter 
on both Mux-Demux functions units for all settings 
of the CHANNELS switch on the front panel. 

(6) Set both 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 ten minutes for the 
oscillator to reach its operating tempera­
ture before the set is placed in 
service. 
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SECTION 3 

OPERATOR'S SECTION 

3-1. FUNCTIONAL OPERATION. 

a. The Terminal, Telegraph AN/UGC-1A pro­
vides facilities at a given station for combining two, 
three, or four two-way start-stop circuits into 
common long-distance telegraph circuits through 
the use of time sharing principles. At the distant 
end of the telegraph loop circuit, a duplicate equip­
ment performs the complementary multiplexing 
functions. The start-stop circuits of both terminals 
are made according to conventional practices, and 
may include any apparatus which utilizes the stand­
ard 7. 42 unit start-stop code at the speed chosen 
for the system operation. 

b. The function of the Transmitter Group OA-
3445/UGC -1A is to accept start-stop signals, de­
tect and store the intelligence contained in the code 
to a sequential pattern, channel by channel, thereby 
forming the multiplex signal. The signal is then 
amplified and dispatched to the transmitting facili­
ties of the telegraph circuit. 

c. The function of the Receiver Group OA-3444/ 
USG-1A is to accept the multiplex signal as deliver­
ed by the receiving facilities of the telegraph cir­
cuit. The receiver group in turn detects and stores 
the intelligence contained in the code combinations, 
and distributes such information in start-stop form 
to the proper destination. 

d. The equipment transmits and receives a 
special type of telegraph signal (multiplex) which is 
intelligible only to a similar set (AN/UGC-1) or to 
an AN/FGC-5 telegraph terminal set with which it 
is compatible. It should be noted that the latter 
unit operates only at speeds of 60 or 75 wpm. 

3-2. PREPARATION FOR USE. 

Since this equipment is a permanent installation 
no preparation for use is required by the operator 
other than setting up a monitor in certain installa­
tions. For this discussion, a typical installation 
consisting of the Transmitter Group, Receiver 
Group, and Oscillator-Power Supply is considered. 
However, other applications may group two Trans­
mitter Groups in a relay rack powered by a common 
Oscillator-Power Supply and two Receiver Groups 
with a power supply located some distance from the 
transmitters. It may be necessary to provide some 
additional equipment to monitor the receivers. 

3-3. OPERATING PROCEDURES. 

a. DESCRIPTION OF CONTROLS.- The more 
frequently used controls of the Multiplex Set are 
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located on the front panels of the various major 
units in the Transmitter and Receiver Groups ana 
the Oscillator-Power Supply. These controls are 
marked (EXT) in Table 3-1 NORMAL OPERATING 
CONTROLS. Those located within the various 
drawers are marked (INT) in Table 3-1. 

b. SEQUENCE OF OPERATIONS (see figures 
3-1 and 3-2). 

(1) Place the POWER switch, located on the 
Oscillator-Power Supply to the ON position. The 
green POWER indicator lamp should glow, the red 
MISFRAME lamps on the Receiver Code Converters 
should glow, the LINE CURRENT meters on the 
Receiver Code Converters should read 20/60 milli­
amperes, and the audible alarms in the Receiver 
Code Converters should be sounded. The two mis­
frame indications will occur in the absence of traf­
fic as well as for misframed traffic. The audible 
alarm may be interrupted by placing the audible 
ALARM switch in the BYPASSED position. The red 
bypass lamp will glow when the alarm circuit is dis­
abled. However, when the equipment is operating 
on the line, the alarm switch should be placed in the 
AUDIBLE ALARM position which will allow the 
audio alarm to be activated when any traffic mis­
framing occurs. It may be noted that the MIS­
FRAME lamps will remain on until such time as an 
inframe traffic condition is obtained. 

(2) Rotate the D. C. VOLTS switch located on 
the Oscillator-Power Supply through the seven in­
dicated positions. Observe the VOLTS D. C. meter 
for the voltage readings corresponding to the switch 
positions. The absence of a voltmeter reading at 
any switch position may indicate a blown fuse. Re­
place the fuse with an appropriate spare. Should 
any voltage deviate more than 5% from normal, re­
port the condition to a technician. 

(3) Observe the illumination of the amber XTAL 
OVEN lamp. It should remain on for a period of 15 
minutes or less following the first application of 
power, then cycle on and off at regular intervals. 
If lamp does not light, check the 12. 6 V AC fuse. If 
lamp still does not light, report the condition to a 
technician. Continuous burning of the lamp should 
be reported to a technician. 

(4) Observe the operation of the two Mux­
Demux DISTRIBUTOR CYCLE meters. The me­
ters on the Transmitter and Receiver Code Con­
verters should be pulsing regularly. 

c. PREPARING FOR OPERATION.- The follow­
ing operations are to be performed when initially 
starting, and when preparing the equipment for 
applicat10n to telegrapn circuits. 

3-1 



Figure 
3-1 NAVSHIPS 94376(A ) 

AN/UGC-lA 
O PERATOR'S SECTION 

OISTRIBUTOR CYCLE CURRENT LINE CURRENT 

MUX LINE CURRENT 

Tllf/OPER SWITCH 

CHANNELS SWITCH --_. 

Olt'rtlt.,TOfit CYCLE ----1 
f#uNJJINT 

FRAME SWITCH 

LOCKUP RELEASE 
SWITCH 

MAN/AUTO SWITCH 

CHANNELS SWITCH 

3-2 

Figure 3-1. Multiplex Set, Controls and Indicators 

TRANSMITTER GROUP 

LINE CURRENT 

MIIFRAME LAMPS 

RECEIVING GROUP 

LOCKUP TRAFFIC ALARM 
DISABLE SWITCH 

osc•LLATOR 
POWER SUPPLY GROUP 

l 

ORIGINAL 

., 

) 

··� 



( ' 

( 

L 

AN/UGC-lA 
OPERATOR'S SECTION 

POWER 

POWER 
ON/OFF 

SWITCH 

YOI.:fS DC 
METER 

POWER 
FUSES 

SMRE 
FUIES 

ORIGINAL 

NAVSHIPS 94376(A) 

OC VOlTS SWITCH 

.. 
SPARE FUSES 

Figure 3-2. Multiplex Set, Controls and Indicators 

Figure 
3-2 

.SPARE 
F'USES 

3-3 



Table 
3-1 NA VSHIPS 94376(A ) 

AN/UGC-lA 
OPERATOR'S SECTION 

TABLE 3-1. NORMAL OPERATING CONTROLS 

UNIT CONTROL FUNCTION REMARKS 

POWER Sw {EXT.) Switches primary ac power input 
on or off. 

Oscillator ALARM Sw (EXT.) Enables or disables audio mis-
Power Supply frame alarm. 

DC-VOLTS Sw (EXT.) Selects voltage input to voltage 
monitor meter. 

Transmitter WPM Sw {!NT.) Selects word-per-minute All four Transmitter 
Code Converter operating speed. Code Converters 

must have same 

Control Amplifier TEST /OPER Sw Provides 3 special multiplex 
(EXT.) outputs (for circuit test pur­

poses) in addition to the regu­
lar multiplex signal. 

· switch setting. 

�------------------� ·---------------------;----------------------------�-------------------

3-4 

LOCAL-REMOTE Routes the multiplex signals to Receiver 
Sw (INT.) the remote or local circuits. Mux-Demux 

Mux-Demux CHANNELS Sw Determine the number (2, 3, 4) 
(EXT.) of multiplex channels which are 

in use. 

WPM Sw (!NT.) Same as Transmitter Code Must be in agree-
Converter WPM switch. ment with the 

group code converter 
settings. 

NORMAL-INVERTED Reverses, polarity of multiplex Switch is bypassed 
Sw (INT.) signal applied to the matrix in- in the Transmitter 

puts at the receiver terminal. Group. 

NORMAL-AUX Sw Applies signal sampling pulses When equipment is 
(INT.) to sync amplifier and aux used in conjunction 

equipment. with aux equipment, 
switch is in AUX. 
Otherwise in NOR­
MAL. When Multi­
plex Set is not used 
with external equip­
ment, plugs 3Pl and 
2Pl located on rear 
of cabinet must be 
in place. 

MAN AUTO Sw Determines whether pulses are 
(EXT. ) fed automatically to the framing 

circuit or individually. 

FRAME Sw (EXT. ) Passes framing pulses for 
achieving a proper phase 
relationship between trans­
mitting and receiving termi­
nals. 

Synch Unit LOCK-UP_RELE��Rel�<J.S_es locked output loops _ _ _ 

ORIGINAL 
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Table 
3-1 

TABLE 3-1 (CONT'D) 

UNIT CONTROL FUNCTION REMARKS 

Synch Unit Sw (EXT.) during the reframing process. 
(cont'd) When an inframe condition is 

established, this switch must be 
depressed to deenergize the 
lockup circuit. 

LOCAL REMOTE Determines which input circuit 
Sw (INT.) (local or remote) will be applied 

to the receiving terminal. 

Receiver Code LOCKUP-TRAFFIC Provides a manual lockup of the In the ALARM I 

Converter ALARM DISABLE Sv; channel (LOCKUP}, provides DISABLE posi-
(EXT.) normal operation (TRAFFIC) tion, the out-

and deactivates the alarm cir- put loop is also 
cuit (ALARM DISABLE). locked in Mark-

ing configuration. 

WPM Sw (INT. ) Same as Transmitter Code Must be in 
Converter WPM switch. agreement with 

the demultiplexer 
in the Receiver 
Mux-Demux 
Also all 
four Receiver 
Code Converters 
must have the 
same switch 
setting. 

TABLE 3-2. POSITIONS OF OPERATING CONTROLS WHEN 
AN/UGC-1 IS OPERATED WITH THE TSEC/KW-22 AUXILIARY EQUIP. 

UNIT CONTROL 

Transmitter Code 2P1 
Converter 

Receiver Group 3P1 

Mux-Demux AUX-NORMAL 
(INT.) 

(1) Place the CHANNELS selector switch on 
each Mux- Demux drawer to the number of chan­
nels to be used (2, 3, or 4). The DISTRIBUTOR 
CYCLE meter should continue to pulse at a con­
stant rate. 

(2) Place the LOCAL-REMOTE switch in the 
Control Amplifier(figure 3-1 to the REMOTE posi­
tion. 

(3) Place the LOCAL-REMOTE switch in the 
Synch Unit (figure 3-1) to the REMOTE position. 

ORIGINAL 

POSITION FOR 
OPERATION REMARKS 

Remove shorting plug - Connect 2P1 cable (not 
insert 2P1 in 2Jl. supplied) to TRANS 

portion of /KW -22. 

Remove shorting plug - Connect 3P1 cable (not 
insert 3P1 in 3Jl. supplied) to REC por-

tion of /KW -22. 

AUX All other controls set 
as shown in Table 3 -1. 

(4) Place the TEST/OPER switch located on 
the Control Amplifier unit to the M (constant mark) 
position and observe the mux line current meter. 
The meter should read 60 to 65 rna (unless opera­
ted on 20 rna.) Place the switch to the S (constant 
space) position. The meter should read zero. 
Place the switch to the AC (alternating mark and 
space) position. The meter should read 1/2 mark 
value. Should the meter be pinned to the left on 

l 

any channel, the input line current is improperly 
polarized and must be reversed. This condition, as 
well as high or low current readings on any channel, 
should be reported to a technician. 
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(5) Place the TEST/OPER switch to the MUX 
position. The equipment may now be operated in 
conjunction with a distant terminal. 

d. MULTIPLEX TELEGRAPH CIRCUIT OPERA­
TION. 

(1) For initial lineup purposes, it is desirable 
that voice or telegraph contact be made between 
distant terminals on separate facilities from those 
being used by the Multiplex Set, however, this is 
not absolutely necessary. 

(2) If voice or telegraph contact can be made, 
the transmitting terminal should be requested to 
send a constant mark signal. The multiplex line 
current meter located on the Synch Unit 
should read 60 to 65 rna, as in paragraph c. (4). 
Although a constant mark is being received, the out­
put start-stop devices will be inactive since the 
equipment is still in an out-of-frame condition. 

(3) The transmitting facility should be request­
ed to transmit a multiplex signal with an idle pattem 
for channel A. The multiplex line current meter 
should now pulse irregularly. 

(4) Observe the RECEIVER CRYSTAL meter 
on the Synch Unit (figure 3-1 ). Initially , the 
meter should deflect full scale to FAST or SLOW, 
followed by a series of needle kicks. When the 
kicks cease, the equipment should be synchronized. 
Additional kicks should be observed on either the 
FAST or SLOW side of the meter, but at a much 
reduced rate. Each kick indicates the addition or 
subtraction of a pulse to the crystal oscillator 
drive at the receiver terminals. 

(5) Check the position of the various controls 
as shown in Table 3-1. 

(6) If a multiplex signal is being generated at 
the transmitting terminals, traffic on channel B, 
and channel A is idle, the MAN/ AUTO switch 
should be placed to the AUTO position. The FRAME 
switch should then be depressed until the equipment 
is in proper frame. By observing the misframe 
lamps, it is possible to ascertain an "in-frame" 
condition. These lamps will go out when the 
FRAME switch is depressed, but will relight if the 
equipment is still out-of-frame. When these lamps 
remain off, the alarm switch on the power supply 
should be placed to the AUDIBLE ALARM position. 
The associated bypass lamp should go out. If 

difficulty is experienced in framing the receiving 
group, place the signal polarity switch located in 
the Mux-Demux (see figure 3-1) to the Mux-Demux 
INVERTED position. If the equipment can now be 
framed, signals to the receiver are inverted. 

(7) It is not always practical to establish par­
allel voice or telegraph facilities, in which case 
the receiving terminal must be framed when traffic 
may be present on channel A. If this is the case, 
throw the MAN/AUTO switch to the MAN position. 
Depress the FRAME switch as many times as re­
quired to obtain the "in-frame" condition mentioned 
above. 

(8) When the "in-frame" condition is obtained, 
depress the LOCKUP RELEASE switch. The LINE 
CURRENT meters on the R,eceiver Code Converters 
which have traffic should pulse and legible copy 
should appear on the appropriate start-stop 

equipments. 

TABLE 3-3. TERMINAL TELEGRAPH AN/1JGC-1A NORMAL INDICATIONS 

3-6 

TRANSMITTER GROUP 

MUX LINE CURRENT 

DISTRIBUTOR CYCLE 

LINE CURRENT 

SWITCH POSITIONS 

TEST/OPER. 

CHANNEL 

RECEIVER GROUP 

MUX LINE CURRENT 

RECEIVER CYSTAL 

DISTRIBUTOR CYCLE 

LINE CURRENT 

Normal Current 
20. 0 to 60. 0 rna (operator's choice) 

25.0 rna 

20. 0 to 60. 0 rna 

MUX 

2-3- or 4 

20. 0 to 60. 0 (Operator's choice) 

0. 0 rna (In phase condition) 

25.0 rna 

20. 0 rna to 60. 0 rna 
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Table 
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TABLE 3-3 (CONT'D) 

SWITCH POSITIONS 

FRAME 

LOCK UP 

MAN/AUTO 

CHANNEL 

CONVERTER LOCK UP 

Normally Open (Momentary Hold) 

Normally Closed (Momentary Hold) 

AUTO 

2-3- or 4 

TRAFFIC (Four Drawers 
Identical) 

INDICATOR LAMPS LIGHTED ONLY IN MISFRAME CONDITION 

OSCILLATOR-POWER SUPPLY 

POWER-ON 

VOLTMETER SELECTOR SWITCH 

XTAL OVEN-INDICATOR LAMP 

BYPASS ALARM 

e. TUNING ADJUSTMENTS. 

(1) WORDS PER MINUTE. -The equipment is 
set up initially to operate with associated 60 word­
per-minute terminal equipment. A change in 
operation speed involves a gear change of all read­
ers and printers associated with the Multiplex Set. 
Speeds of operation should be set or changed using 
the following procedure: 

(a) Select the proper crystal oscillator unit 
located in the Oscillator Power Supply (1A1Zl for 
60-75 wpm, 1A1Z2 for 100 wpm) and insert in the 
Oscillator Power Supply. Place the oscillator unit 
not in use in the reserve socket. 

(b) Set the WPM switch (Sl) located in both 
Mux-Demux drawers to the proper speed . 

(c) Set the WPM switch (Sl) located in the 
four Transmitter Code Converters to the proper 
speed. 

(d) Set the WPM switch (S1) located in the 
four Receiver Code Converters to the proper speed. 

(e) Adjust the start-stop oscillator frequency 
in the Transmitter and Receiver Code Converters 
as outlined in Section 5. This adjustment is made 
by a technician. 

(2) LINE CURRENTS. -The start-stop input, 
multiplex output, multiplex input, and start-stop 
output line currents must be adjusted prior to 
achieving operation. A rheostat is supplied in the 
set for fine adjustment of line current at each of the 

ORIGINAL 

Operator selects 

ON intermittantly 

Operator selects 

input and output circuits. Coarse adjustment may 
be made by subtracting or adding resistances 
externally. Each of the circuits is adjusted as 
indicated below: 

(a) INPUT START-STOP CIRCUIT.- The 
line current requirements are dependent upon the 
associated external equipment. Connect the 
appropriate terminals on 3TB2 of the Transmitter 
Code Converters and electrical Synch Unit for 
either 20 or 60 milliampere requirements as 
described in Section 5. Then while receiving a 
steady mark, adjust the line current on each of the 
four input lines by means of the LINE CURRENT 
potentiometer (R1) located in the Transmitter Code 
Converters. (figure 3-1) Should the line current 
meters read in the reverse direction, the battery 
is improperly polarized and must be reversed. 

(b) OUTPUT MULTIPLEX CIRCUIT. -While 
receiving a steady mark, adjust the multiplex out­
put line current by means of the LINE CURRENT 
potentiometer located in the Control Amplifier. 
(figure 3-1). 

(c) INPUT MULTIPLEX CIRCUIT. -While 
receiving a steady mark, adjust the multiplex line 
current by means of the LINE CURRENT potentio­
meter (R2) located in the electrical Synch Unit. 

(d) OUTPUT START-STOP CIRCUIT. -While 
receiving a steady mark, adjust the line current in 
each of the four output lines by means of the LINE 
CURRENT potentiometer (R4) located in the 
Receiver Code Converters. 
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TABLE 3-4. MULTIPLEX OPERATING SPEEDS 

Operations Dot Cycles Per Sec. Pulse Duration (Millisec.) 
Per Minute 4 Chan. 3 Chan. 2 Chan. 4 Chan. 3 Chan. 2 Chan. 

375 75 56.25 37.5 6.66 8.9 13.33 

468 93.75 70.31 46.88 5. 34 7. 11 10.68 

611.413 122.26 91.70 61. 13 4.09 5.45 8. 18 

3-4. SUMMARY OF OPERATING PROCEDURES . dures is presented in Table 3-5, enabling the 
operator to start check and adjust the equipment 
and to shutdown the equipment. a. A complete Summary of Operating Proce-

TABLE 3-5. SUMMARY OF OPERATING PROCEDURES 

Step Procedure Remark s 

1. Power Switch ON (Power Supply Drawer) Located in power supply. 

2. Rotate DC VOLTS switch to all positions Observe all voltages present. 
(Power Supply Drawer. ) 

3. Observe XTAL OVEN Indicator Lamp on Must cycle after 15 minutes 
(Power Supply Drawer.) warmup. 

4. Observe operation of Mux-Demux meters Must pulse regularly. 

5. Place CHANNEL Selector switch on Cycle meter pulses. 
each Oscillator-Power Supply Drawer 
to number of channels to be used (2-3-4) 

6. Place LOCAL-REMOTE switch in 
Control Amplifier to REMOTE. 

7. Place LOCAL-REMOTE switch of Read 60-65 rna on front panel 
Synch Unit to REMOTE. meter. 

8. a. Place TEST-OPERATE Switch on Read 30-32 rna on front panel 
Control Amplifier to M {Mark). meter. 

b. Place Switch to S (Space.) Read 0 current on front panel 
meter. 

c. Place TEST/OPERATE SWITCH to Equipment is now ready to 
MUX . operate. 

9. Power Switch OF F. Equipment is shutdown. 

3-5. EMERGENCY OPERATION· 
Prior to and during operation, observe the Multiplex 
Set for visual signs of malfunction in either the 
Multiplex Set or the Receiver Group. Consult Table 
3-3 for NORMAL INDICATIONS. Periodically, for 
circuit lineup or maintenance purposes, apply the 
signals from the local Transmitter Group or the 
Local Receiver Group. This mode of operation is 
to be originated by a serviceman or an experienced 
operator. 

The Terminal, Telegraph AN/UGC-lA is 
not designed for emergency operation. 

3-6. OPERATOR'S MAINTENANCE. 

a. OPERATING CHECKS AND ADJUSTMENTS. 
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b. In this mode of operation, the text messages 
transmitted by the local Transmitter Group will be 
recorded by the telegraph equipment of the local 
Receiver Group. 

c. The local message center using the channels 
of the multiplex system should be notified whenever 
a local test is conducted. In this manner, traffic 
from the local message center will not be lost. 
The following procedure should be used to place the 
equipment in local test. 

(1) Place the LOCAL REMOTE switch S2 in 
the Control Amplifier to the LOCAL position. 
Place the LOCAL REMOTE switch S3 in the Synch 
Unit to the LOCAL position. 

(2) Check the position of the various controls 
as shown in Table 3-1. 

(3) If a multiplex signal is being generated at 
the transmitting terminals , traffic on channel 
B, and channel A is idle, the MAN/ AUTO switch 
should be placed to the AUTO position. The 
FRAME switch should then be depressed until the 
equipment is in proper frame. By observing the 
mis-frame lamps, it is possible to ascertain an 
"in-frame" condition. These lamps will extin­
guish when the FRAME switch is depressed, but 
will illuminate if the equipment is still out-of­
frame. When these lamps remain off, the alarm 
switch on the Oscillator Power Supply should be 
placed to the AUDIBLE ALARM position. The 
associated bypass lamp should go out. If 
difficulty is experience d in framing the Receiving 

ORIGINAL 

Group, place the signal polarity switch located 
in the Mux-Demux (figure 3-1) to the INVERTED 
position. If the equipment can now be framed, 
signals to the receiver are inverted. 

(4) It is not always practical to establish par­
allel voice or telegraph facilities, in which case the 
receiving terminal must be framed when traffic may 
be present on channel A. If this is the case, throw 
the MAN/ AUTO switch to the MAN position. De­
press the FRAME switch as many times as require:i 
to obtain the "in-frame" condition mentioned in 
paragraph above. 

d. PREVENTIVE MAINTENANCE. -The 
Multiplex Set maintenance is accomplished by the 
equipment technician as described in Section 5 of 
this manual. Emergency maintenance by the 
Operator is limited to the replacement of fuses as 
described in the following paragraph . 

e. EMERGENCY MAINTENANCE. -Emergency 
maintenance by operating personnel is limited to 
the replacement of defective fuses. These fuses 
are located on the front panel of the Oscillator­
Power Supply and in each of the companion drawers. 
REPLACE DEFECTIVE FUSES WITH THE EXACT 
TYPE AND SIZE. Fuse failure will be indicated by: 

(1) No LINE CURRENT in active channel; 

(2) No VOLTS DC in one or more meter posi­
tions (Selector Switch, Oscillator Power Supply 
Drawer); 

(3) In case of any visual or aural alarm, 
operating circuit may indicate defective fuse. 
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SECTION 4 

TROUBLESHOOTING 

4-1. LOGICAL TROUBLE SHOOTING. 

a. SYMPTOM RECOGNITION. -This is the first 
step in the trouble shooting procedure and is based 
on a complete knowledge and understanding of equip­
ment operating characteristics. All equipment trou­
bles are not the direct result of component failure. 
Therefore, a trouble in an equipment is not always 
easy to recognize since all conditions of less than 
peak performance are not always apparent. This 
type of equipment trouble is usually discovered while 
accomplishing preventive maintenance procedures, 
such as the POMSEE checks. It is important that the 
"not so apparent" troubles, as well as the apnarent 
troubles, be recognized. 

b. SYMPTOM ELABORATION. -After an equip­
ment trouble has been "recognized, " all available 
aids designed into the equipment should be used to 
further elaborate on the original trouble symptom. 
Use of front panel controls and other built-in indica­
ting or testing aids should provide better identifica­
tion of the original trouble symptom. Also, check­
ing or otherwise manipulating the operating controls 
may eliminate the trouble. 

c. LISTING PROBABLE FAULTY FUNCTION.­
The next step in logical trouble shooting is to formu­
late a number of "logical choices" as to the cause 
and likely locaHon {functional section) of the trouble. 
The "logical choices" are mental decisions which 
are based on knowledge of the equipment operation, 
a full identification of the trouble symptom, and in­
formation contained in this manual. The over-all 
functional description and its associated block dia­
gram should be referred to when selecting possible 
faulty functional sections. 

d. LOCALIZING THE FAULTY FUNCTION. -
For the greatest efficiency in localizing trouble, the 
functional sections which have been selected by the 
"logical choice" method should be tested in the 
order that will require the least time. This re­
quires a mental selection to determine which sec­
tion to test first. The selection should be based 
on the validity of the "logical choice" and the diffi­
culties in making the necessary tests. If the tests 
do not prove that functional section to be at fault, 
the next selection should be tested, and so on until 
the faulty functional section is located. As aids in 
this process the manual contains a functional de­
scription and a servicing block diagram for each 
functional section. Waveforms {or other pertinent 
indications) are included at significant check points 
on servicing block diagrams to aid in isolating the 
faulty section. Also, test data {such as information 
on control settings, critical adjustments, and re­
quired test equipment) is supplied to augment the 
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functional description and servicing block diagram 
for each functional section. 

e. LOCALIZING TROUBLE TO THE CIRCUIT.­
After the faulty functional section has been isolated, 
it is necessary to make additional "logical choices" 
as to which group of circuits or circuit (within the 
functional section) is at fault. Servicing block dia­
grams for each functional section and individual 
functional circuit groups (when required) provide the 
signal flow and test location information needed to 
bracket and then isolate the faulty circuit. Function­
al descriptions; simplified schematics, and pertinent 
test data for individual circuits or groups of circuits 
comprising the functional section are all placed to­
gether in one area of the manual. Insofar as practi.::­
cable, this information is contained on facing pages. 
Information which is too lengthy in nature to be in­
cluded in this arrangement is readily referenced 
from the test data portion of the trouble shooting in­
formation. 

f. FAILURE ANALYSIS. -After the trouble 
(faulty part, misalignment, etc.) has been located 
(but prior to performing corrective action), the pro­
cedures followed up to this point should be reviewed 
to determine exactly why the fault affected the equip­
ment in the manner it did. This review is necessary 
to make certain that the fault discovered is actually 
the cause of the malfunction, and not just the result 
of the malfunction. 

4-2. OVER-ALL FUNCTIONAL DESCRIPTION, 
AN/UGC-1A. 

a. This section explains the operation of the 
Telegraph Terminal AN/UGC-1A. The set provides 
terminal facilities for a multiplex system which will 
simultaneously transmit two, three or four separate 
teletypewriter messages over a common channel. 

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 modulates a common frequency carrier. 
Time division multiplexing, on the other hand, di­
vides the time duration of a standard start-stop 
signal into a number of equal intervals and allots 
each interval to a separate teletypewriter circuit. 
Thus, the start-stop signals are, in effect, com­
pressed in time for transmission. The set covered 
in this manual is designed to operate in a time­
division system. 

4-3. OVER-ALL OPERATION. 
( See figure 4-28, page 4-70. ) 
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a. Figure 4-28 is a simplified block diagram of a 
typical time-division multiplex system employing a 
multiplex set. Ac and de voltages for the major 
units are provided by the Oscillator-Power Supply 
0-872/UGC-1A which is not shown in figure 4-28. 

b. At the transmitting station, four start-stop 
transmitters (not furnished with the set) simultane­
ously send four messages in the form of start-stop 
signals to respective transmitting Converter, Tele­
graph Code CV -121 7/UGC-lA in the Transmitter 
Group OA-3445/UGC-1A. The Transmitter Co:ie 
Converters translate these signals, which are in se­
quential form, into six-wire parallel form. The 
start and stop elements of the signals are discarded 
and a sixth element is added. The Demultiplexer­
Multiplexer TD-515/UGC-1A sweeps over the outputs 
of the Transmitter Code Converters, channel by 
channel, and picks up, in turn, a complete signal 
(character) from each converter at the multiplex fre­
quency rate. This rate is controlled by a crystal­
oscillator circuit. 

Pulses generated by this circuit and various dividing 
circuits step the Mux-Demux at the proper rate. By 
varying the pulse-division ration, the equipment may 
be switched to operate with two-three or four start­
s top circuits (referred to as channels A, B, C, and 
D), or to accommodate start-stop speeds of 60, 75, 
or 100 words per minute. The Mux-Demux combines 
the multiwire signals received from the Transmitter 
Code Converters into multiplex signals and sends 
them to the Control Amplifier. The latter amplifies 
the signals ana furnishes them to transmitting equip­
ment which is not furnished with the set. The outputs 
of the Control Amplifiers may be either keyed voltage 
or 60 milliampere de multiplex signals. The trans­
mitting equipment applies the multiplex signals to the 
radio channel which carries them to a distant station. 
As indicated in figure 4-28, the multiplex signals con­
tain certain inversions which are explained later in this 
section. 

c. At the receiving station, the multiplex signals 
are accepted by receiving equipment (not furnished) 
and sent to the Synchronizer, Electrical SN -313/UGC-
1A. The Sync Unit amplifies the signals and sends 
inverted and normal versions to the Demultiplexer­
Multiplexer TD-515/UGC-1A. The latter performs 
functions complementary to the multiplexing in the 
transmitting group. It separates the multiplex sig­
nals into six-wire parallel signals, and as it sweeps 
over the input wiring of the receiving Converter, 
Telegraph Code CV-1218/UGC-1A it applies, channel 
by channel, the proper Receiver Code Converters. 
The converters examine these signals and, provided 
true character transmission has been recognized, 
begin the process of regenerating the start-stop 
signals. 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 simultaneous­
ly record the four messages which were originated 
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at the transmitting station. 

d. The frequency standard of the Receiver Group 
performs a function identical to that in the Transmit­
ting Group. However, to maintain synchronism in the 
system, the local standard's drive must be modified 
by a circuit in the Synch Unit which operates on a 
digital basis. By noting the time location of the 
space-to-mark transitions of the incoming multi­
plex signals, the circuit establishes the exact phase 
relationship between these signals and the multi­
plex drive. The Synch Unit 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 re­
ceiving groups at a given location. 

e. In addition to the fact that synchronism must 
be maintained, the Receiver Group must initially be 
placed in the proper channel register with relation to 
the Transmitter Group (referred to as "framing''). 
That is, the proper signal must be routed to the pro­
per channels by the Mus-Demux. The operation of a 
framing button causes a train of framing pulses to be 
generated. These pulses advance the Mux-Demux 
selection by integral signal pulses. When the proper 
channels come into register, the framing pulses are 
automatically stopped. 

f. The Receiver Code Converters contain circuits 
which detect misframe conditions. A misframe con­
dition exists when signals are not routed to the prop­
er channels. Upon misframe detection, an audio and 
visual misframe alarm occurs and all four output 
lines are locked up in a marking configuration. 

4-4. SIGNALING. 

a. START-STOP SIGNALS. 

(1) Standard teletypewriter equipment transmits 
messages in the form of a five-unit, start-stop signal­
ing code in which each character or function is repre­
sented by a sequential combination of current and no­
current time intervals. 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 4-1. The 
intelligence elements are preceded by a start element 
(always 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 combination con­
sists of 7. 42 units of time (referred to as 7. 42 unit 
transmission pattern). The start and stop elements 
ensure synchronism between the transmitting and re­
ceiving equipment by bringing the receiving equip­
ment to a complete stop at the end of each combina­
tion. The letter "Y", plotted in figure 4-1, is usual­
ly used for testing and illustration purposes because 
it has alternate intelligence elements. 

(2) The total number of permutations of a 
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A. SIGN ALING CODE 

I UNIT II UNIT II UNIT II UNIT II UNIT II UNIT 1 1.42 UNITS 

1-4------7.42 UNITS OF TIME------� 

TRANSMISSION 

S EQUENCE 

ALWAYS 
START-I 

SPACING 

NO.I -1 MARKING OR 
SPACING 

N0.2 -1 MARKING OR 
SPA CING 

N0.3 -1 MARKING OR 
SPACING 

N0.4 -1 MARKING OR 

SPACING 

N0.5 -1 MARKING OR 
SPACING 

N0.6 --1 ALWAYS 
MARKING 

START NO.I N0.2 N0.3 N0.4 N0.5 

I 
STOP 

B. GRAPHIC REPRESEN 

l I I I I I L TATION OF LETTER "y" 
-- ---- ---- --------- ---

$ 
' D. 5 " ss FIGURES - 1 ' 3 ! 8 # 8 ( l . 

9 0 I 4 7 ; 2 I 6 < = • 

� w 
2 a:: 1<. u 

LETTERS A 8 c D E F G H I J K L M N 0 p Q R s T u v w X y z <I u ..J <I 
...J Q. 
lD (J) 

I ::> ::> ::> ::> ::> ::> ::> ::> ::> ::> ::> ::> ::> ::> 

2 ::> ::> ::> ::> ::> ::> ::> ::> ::> ::> ::> ::> ::> ::> 

FEED HOLES 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 00 0 0 0 

t {' 

a:: (!) 
.... 
..J 1<. 

::> ::> 

::> ::> 
0 0 

3 :> :> :> :> :> :> :> :> :> :> :> :> ::> :> :> ::> 
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5 :> 
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::> :> 

-L.... 

::> :> :> ::> 

:> :> ::> 

::> ::> ::> ::> :> ::> 

:> :> ::> ::> ::> ::> ::> ::> 

C. CODE HOLE COMBINATIONS OF TYPICAL CHARA CTER ARRANGEMENT 

Figure 4-1. Start-Stop Signaling Code 
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five-unit code is two to the fifth power, or 32. In 
order to transmit more than 32 characters and func­
tions, a letters-figures shift operation is designed 
into printing equipment. Thus each permutation, ex­
cluding those used to shift and unshift the apparatus, 
may represent two characters or functions. 

(3) Only the intelligence elements of the code 
appear in perforated tape. The start and stop ele­
ments are added by the transmitting equipment. The 
marking pulses are represented by holes and the 
spacing pulses by the absence of holes. The various 
code combinations of a typical character arrange­
ment as they appear in chadless tape form is shown 
in figure 4-1. 

b. MULTIPLEX SIGNALS. 

(1) Consideration of the concept of time-division 
multiplexing will reveal several important conse­
quences: 

(a) The original start-stop signal must be 
compressed (figure 4-2). 

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

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

(2) In conventional teletypewriter systems, the 
essential synchronization between the transmitting 
and receiving equipments is accomplished on a char­
acter-by-character basis with the start pulse syn­
chronizing the start of all receiving equipments and 
the stop pulse providing an idle time interval so that 
all units can start together on the next start pulse. 
On the other hand, the time-division multiplex sys­
tem 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 accurate standard 
which is derived from a temperature-controlled 
crystal oscillator. Phase relationships are main­
tained by special circuitry in the receiving equip­
ment. There is no need to transmit a start pulse or 
a stop pulse as part of the multiplex signal. Conse­
quently, only the five intelligence elements of the 
start-stop signal are used, and a sixth pulse, whose 
function will be described later, is added. 

(3) In order to provide for speed and phase dif­
ferences in start-stop systems, the receiving unit 
always runs slightly faster than the transmitting 
unit. This speed difference is not cumulative be­
cause the stop pulse and the next start pulse permit 
synchronizing on every character. On the other 
hand, although the multiplex transmitting equipment 
operates faster than the start-stop input equipment, 
there is a constantly sliding, or varying, phase 
relationship between the start-stop and the multi­
plex signal with the multiplex signal continuously 
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gaining on the start-stop signal. When the multi­
plex 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 fol­
lowing multiplex signal will then carry the start-stop 
signal which could not be transmitted previously. 

( 4) The multiplex equipment must be capable of 
distinguishing between an all-spacing combination in 
the start-stop code (blank) and a multiplex idle sig­
nal. The start-stop blank is a true character which 
must be transmitted, while the multiplex idle signal 
signifies the absence 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 period, no sixth pulse 
is sent, consequently the receiving multiplex recog­
nizes the idle condition and an idle signal (continuous 
marking for the period of the signal) is sent to the 
receiving teletypewriter. 

(5) Since timing is a basic concept in under­
standing multiplex transmission, it is worthwhile to 
consider some actual examples of the periods invol­
ved. At 60 wpm, a start-stop character is nomi­
nally 163 milliseconds long. A multiplex signal is 
slightly shorter (thus faster), nominally 160 milli­
seconds. Thus a time difference of three millisec­
onds exists for every start-stop character coming 
in. After 53 characters the accumulated time dif­
ference 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 varia­
tions may affect this figure slightly. 

(6) Since four characters (one from each of the 
four channels) are transmitted in sequence as a 
multiplex signal in 160 milliseconds, each character 
must be "compressed" to a 40 millisecond signal. 
This 40 Millisecond signal must include the five 
intelligence pulses plus the sixth pulse (figure 4-2). 
Consequently, each mark or space in the multiplex 
signal is one-sixth of 40 milliseconds or 6. 66 milli­
seconds long. 

(7) As mentioned above, the receiving equip­
ment must remain in synchronism with the transmit­
ting equipment within rather close limits. For 
example, at the time the number 1 pulse on Channel 
A is transmitted, the receiving 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" control 
to maintain proper synchronism. 

(8) The alarm circuits utilize the characteris­
tics of the multiplex signal for detecting misframe 
conditions. The sixth pulse of every channel is 
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marking when receiving traffic. If a misframe con­
dition exists, the multiplex signal is displaced in 
time from the receiving terminal. For example, if 
the multiplex signal is displaced one interval to the 
right, the A6 pulse would appear in the B1 position, 
the A5 pulse would appear in the A6 position, the D6 
pulse would appear in the A1 position, etc. The 
probability that the A5 pulse, which is in the A6 
position, is spacing, is one half. 

(9 ) The alarm circuits in any channel will sense 
a misframe condition if any of the five intelligence 
pulses are marking and the sixth pulse is spacing. 
Therefore, in the example in paragraph 8 above, 
since A 1  is marking (the displaced D6 pulse), when­
ever the A5 pulse (in the A6 position) is spacing, the 
misframe will be detected. Character D would 
satisfy the above condition since the corresponding 
Baudot code is 1--4-. 

(10) Fine control is achieved by the continuous 
examination of the timing of space-to-mark transi­
tions so that any timing differences between trans­
mitting equipment and receiving equipment are con­
tinuously corrected and do not become cumulative. 
However, it is possible that all four start-stop cir­
cuits 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 elimi­
nated by certain signal inversions that are built into 
the multiplex signal. The transmitting equipment 
inverts the second, third and fourth pulse of Channel 
A and all pulses of Channels C and D (figure 4-2). 

Without these inversions, an idle condition in the 
start-stop equipment would be transmitted as all­
spacing groups. The inversions result in the follow­
ing pattern: 

A 
123456 
SMMMSS 

B 
123456 
ssssss 

c 

123456 
MMMMMM 

D 
123456 

MMMMMM 

These inversions appear in all multiplex transmis­
sion; corresponding reinversions in the receiving 
equipment result in the reproduction of the original 
intelligence. (See figure 4-29 which follows a num­
ber of typical signals through the system. ) 

4-5. TRANSMITTER CO D E  CONVERTER 
FUNCTIONAL� D ES CRIPTION 

(See figure 4-3 0). 

a. The Transmitter Code Converter accepts start­
stop signals from a signal line and converts them to 
multi wire signals. The multi wire signals are sent 
on a parallel six-wire basis to the Mux-D emux. The 
general circuits of the unit are the input circuit, 
range control, start-stop oscillator, start-stop 
distributor, selection gates, first -level storage, 
transfer gates, second-level storage, and transfer 
circuits. 

b. Start-stop signals from the associated trans­
mitting equipment are applied at the input circuit. 

O RI GINAL 

Two outputs are obtained from this circuit: normal 
and inverted. The output signal is applied in normal 
form to the start control gate and range control, and 
in inverted form to the signal selection gates. 

c. The range control circuit consists of a uni­
vibrator. 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 element. . The stop-start (mark to space) 
transition in the normal signal causes the univibra­
tor to operate, and the output is applied to the cont­
rol gate. The change in voltage that occurs upon 
relaxation of the range control gate unclamps the 
start-stop oscillator. The normal output of the input 
circuit is connected to the control gate to insure that 
the start-stop oscillator is unclamped only by start 
elements which continue, at least, until the range 
circuit relaxes. Thus, false starts due to hits of 
short duration on the input circuit are eliminated. 

d. When the start-stop oscillator is unclamped, 
it begins oscillating at a frequency whose period is 
equivalent to that of the telegraph input signal (22 
milliseconds at 368 wpm). 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 distribu­
tor consists of a ring of fourteen transistors, two 

CHANNEL A INPUT 

CHANNEL 8 INPUT 

CHANNEL C INPUT 

1: CHANNEL D I ... UT I 

163 MS 
.. I 

160 

LA ___A_ B ___A_ c _A_ D _) 
MULTIPLEX SIGNAL 

Figure 4-2. Multiplex Signal 
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each for the start element, five code elements and 
the stop element of the start-stop signal. The trans­
istors 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 ele­
ment of the start-stop distributor. An output from 
the stop element of the start-stop distributor is ap­
plied to the control gate. When the stop element 
fire� this voltage passes through the control gate and 
clamps the start-stop oscillator. 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 dis­
tributor will remain conducting until the next start 
pulse arrives at the input circuit. 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. 

e. 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. Timing is such that the 
leading edges of the distributor's code elements oc­
cur at a time determined by the delay introduced by 
the range control. This delay, as was mentioned, 
is normally the nominal center of the incoming start­
stop signal. This leading edge is employed to sam­
ple 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. 

f. The first level storage consists of five flip­
flop circuits, one for each of the five code elements 
of the start-stop signal. When an output pulse from 
a selection gate is received by a storage element, 
the storage element is triggered into an on condition. 
Thu� as each start-stop distributor code element 
fires, an impulse is passed to a corresponding stor­
age selection gate which will turn on the correspond­
ing first level storage element if the storage selec­
tion gate has been primed by the presence of a mark­
ing impulse. Each marking selection is thus stored 
in the first level storage and is used to condition the 
storage transfer gates. 

g. The first level storage release circuit is oper­
ated whenever the start element of the start-stop 
distributor fires. This applies a pulse to all first 
level storage elements simultaneously 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 charac­
ter. 

h. The storage transfer gates consist of five 
diode AND gates, one for each code pulse in the 
start-stop signal. Each gate will have a marking 
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signal applied to it if the corresponding first level 
storage element has been triggered on. In addition, 
the output of the transfer circuit is applied simul­
taneously to the five transfer gates. Thus a parti­
cular transfer gate will produce an output whenever 
there is a coincidence 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. 

i. The second level storage consists of six 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 receiv­
ed 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 pat­
tern that was set up in first level storage. The sixth 
second level storage element is controlled directly 
by the output of the transfer circuit, and is turned on 
whenever the transfer fires. Both normal and inver­
ted outputs from each element of the second level 
storage are applied simultaneously to the Mux-De­
mux. 

j. 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 re­
lieved of the previous character. The second-level 
storage-release circuit is operated by a clock pulse 
which is received from the M u x - D e m u x  and in­
verted by the clock inverter. The clock pulse ar­
rives at a regular rate just after a stored code pat­
tern has been utilized in the M u x - D e m u x . The 
storage release circuit applies a pulse to all the 
second-level storage elements simultaneously and 
causes those elements which were in an on condi­
tion to be turned off. 

k. The transfer circuit is capahle of operation 
as either a flip-flop or a univibrator. During opera­
tion as a univibrator the transfer has a fixed relaxa­
tion period of approximately 0. 5 milliseconds. The 
output of the transfer circuit is applied to the trans­
fer 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 co­
incidence between the output of the clock delay and 
the output of the transfer prime circuit. The clock 
delay circuit consists of a univibrator. The 
natural period of the univibrator is fixed to normally 
time out after a period of approximately 3. 0 

milliseconds. The clock delay is operated by the 
clock pulse which is received from the Mux-
Demux. 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 sub­
sequent reoperation. The transfer prime circuit 
consists of a 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 re­
leases. The purpose of the transfer prime is to pre­
vent the transfer from firing more than once per 
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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 conduting, the transfer will operate as 
a univibrator and turn itself off after producing an 
output pulse of approximately 0. 5 milliseconds. 

l. Because the Multiplex Set is operating con­
tinuously and the start-stop signals are being receiv­
ed either randomly or automatically from a distribu­
tor operating at a slightly slower speed, the trans­
fer circuits include a variable synchronizing feature 
that coordinates the two. The Multiplex Set opera­
tes 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 13 start-stop 
characters handled on a continuous 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 collectively depending upon the instantaneous 
phase relationships between the clock pulse and the 
start-stop distributor. When the clock-delay transi­
tion occurs during the stop element interval of the 
start-stop distributor cycle, the second-level 
storage elements fire collectively. As each succeed­
ing clock pulse arrives earlier and earlier in the 
start-stop distributor cycle, the number of second­
level storage elements firing collectively will de­
crease and tre number of storage elements firing 
individually will increase. This will continue until 
the clock pulse begins arriving during the start ele­
ment 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 inter­
val will find that the transfer prime has not yet been 
turned off. As a result, the transfer 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 second-level storage elements to fire 
simultaneously. 

ORIGINAL 

m. The clock delay circuit, in addition to per­
mitting a short time to elapse between the release 
and refiring of the second-level storage elements, 
also provides safe operating margins when the fir­
ing of the transfer occurs late in the stop element 
interval of the start-stop distributor. This condi­
tion 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 delay is 
instantly restored to its normal 3. 0 milliseconds 
delay. The short transfer pulse is advanced by 
approximately 3. 0 milliseconds and prevents the 
possible loss of a character in the first-level stor­
age. Otherwise, the character could be lost if a 
start-stop signal arrived earlier than usual and 
caused a premature release of the first-level 
storage. 

4-6. TRANSMITTER CODE CONVERTER, TEST 
DATA. 

a. Table 4-1 is a list of the steps to be perform­
ed to localize transmitter failures to the Transmit­
ter Code Converter. If a specific transmitter dif­
ficulty does not appear in this table, refer to the 
trouble shooting information given in the test data 
sections for the Transmitter Mux-Demux or Control 
Amplifier. 

Note 

The trouble shooting chart of Table 4-1 
will localize a failure to a specific board 
in a specific Transmitting Code Converter. 
When the functional section has been lo­
cated, immediate repair is affected by 
the replacement of that printed circuit 
board which contains the faulty section. 
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TABLE 4-1. T R ANSMITTER CODE CONVERTER, TROUBLESHOOTING CHART 

TEST 
STEP I POINT 

1 

2 

3 

4 

5 

6 

7 

8 

® 

4-8 

PRELIMINARY 
ACTION 

Distant terminal 
asks for a signal 
check. 

Check meter 3A1M1 
on the Control 
Amplifier. 

Check meter 3A2Ml 
on the Mux-Demux 
drawer. 

Distant terminal 
reports garbling on 
one channel only. 
Equipment garbles 
locally. 

Switch any two 
drawers: 2A3, 2A4, 
2A5, or 2A6 as re­
quired. 

Distant terminal re­
ports garbling on all 
channels. The Equip­
ment garbles locally. 

Apply a start-stop 
signal to the channel. 

Connect the Neon 
Indicator to test jack 
J8 on the inside of 
the Transmitting Code 
Converter. Supply the 
Transmitter Code 
Converter with an all 
"mark" start-stop 
signal from the exter­
nal sending equipment. 

NORMAL 
INDICATION 

Good copy is re­
ceived at the dis­
tant terminal. 

The meter should 
be vibrating for an 
idle or active out­
put. 

The meter should 
be vibrating. 

NEXT STEP 

If the distant terminal reports some channels 
faulty, proceed to step 2. 

If the meter indicates normally and the dis­
tant terminal still reports faulty channels, 
proceed to step 3. 

If the meter indicates normally, the trouble 
is in the associated equipment or in the dis­
tant terminal. 

If the meter reading is incorrect, check the 
drawers of the Transmitter Group according 
to steps 4 or 6. 

All channels should 

I 
Check the monitor printer. If the printer is 

receive good copy. printing legible copy, the fault is in the ex­
ternal transmitter distributor or the Trans­
mitter Code Converter. To check the Trans­
mitter Code Converter, proceed to step 5. 

Faulty channel 
should show in a 
different location. 

Good copy received 
at the distant termi­
nal. 

Meter, Ml, should 
show a pulsing indi­
cation. 

All lamps of the 
Neon Indicator 
should flash on and 
off at a periodic 
rate, while display­
ing a beat pattern 
of approximately 
one flash every 
eight seconds. The 
number six lamp 
will appear to be 
illuminated contin­
uously, except for 
a brief interval at 
the eight second 
period. 

If the faulty channel switches position, the 
difficulty is in the Transmitter Code Conver­
ter drawer associated with the new faulty 
channel. Proceed to step 7. 

If the faulty channel does not switch position, 
the difficulty is in the transmitter distributor 
to that channel. 

If all channels are garbled, the difficulty is 
not in Transmitter Code Converter, but in one 
of the other drawers of the Transmitter Group 
or in the associated external equipment. For 
information regarding trouble shooting infor­
mation of the other transmitting Group 
drawers, refer to tables 4-6 and 4-8. 

If an indication is present, proceed to step 8. 

If all lamps are extinguished, a loss of input 
signal is indicated. Proceed to step 9. 

If any one lamp fail s to illuminate, or if any 
one lamp fails to extinguish, proceed to step 
12. 
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I STEP 

9 

10 

11 

12 

13 

14 

15 

TEST 
POINT 

0 

0 

® 

0 

0 

0 

0 

,,_ 

ORIGINAL 

PRELIMINARY 
ACTION 

Connect the vertical 
input of an oscillo-
scope to test point 
Jl on printed circuit 
board Al. 

Connect the vertical 
input of an oscillo-
scope to terminal 6 
of AlO. 

Connect the vertical 
input of the oscillo-
scope to the junction 
of R4 and R5 on 
printed circuit board 
Al. 

Connect the vertical 
input of an oscillo-
scope to test point 
Jl on printed circuit 
board A3. 

With the oscillo-
scope connected as 
in step 12, connect 
a jumper from R8 

to R18 on printed 
circuit board A2. 
(The ends of the 
resistors closest 
to the transistors. ) 

Connect the vertical 
input of the oscillo-
scope to test point 
J 4 on printed circuit 
board A2. 

Connect the vertical 
input of the oscillo-
scope to test point 
J3 on printed circuit 
board A2. 

NAVSHIPS 94376(A) 
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TABLE 4-1. (CONT'D) 

NORMAL 
INDICATION NEXT STEP 

The waveform If the waveform is abnormal, proceed to 
should be as indi- step 10. 
cated on figure 
4-3, 4-30 or 
5-66. 

The waveform If the waveform is normal proceed to step 11. 
should be as indi- If the waveform is abnormal check the follow-
cated on figure ing components: 
4-3 or 5-66. 

Input Transformer Tl, (AlO). 
Jumper of TB2. 
Fuse Fl. 

The waveform If the waveform is normal, then transistor Q3, 
should be as indi- or associated circuitry is faulty. 
cated on figure 
4-3, 4-30, or If the waveform is abnormal the failure is in 
5-66. the input flip-flop circuit. 

' 

In either case, refer to paragraph 4-7a for thE 
·circuit description. 

The waveform If the waveform is normal, the start-stop 
should be as indi- oscillator, start control gate, squaring ampli-
cated on figure fier, distributor drive amplifier and start-
4-9, 4-30 or stop dsitributor are functioning normally, 
5-66. proceed to step 21. 

If the waveform is abnormal, proceed to 
step 13. 

The waveform If the waveform is free running, leave the 
should be the jumper in place and pro ceed to step 18. 
same as in step 
12, except, the If the waveform is abnormal leave the jumper 
waveform will be in place and proceed to step 14. 
free running. 

The waveform If the waveform is free running, the start-
should be as indi- stop oscillator and squaring amplifier are 
cated on figure functioning properly, have the jumper in 
4-7, 4-30 or place and proceed to step 16. 
5-66, except it 
will be free run- If the waveform is abnormal, leave the jumpel 
ning. in place and proceed to step 15. 

The waveform If the waveform is normal, the failure is in 
should be as indi- the squaring amplifier circuit. Refer to 
cated on figure paragraph 4-7e for circuit description. 
4-6, 4-30 or 
5-66, except it If the waveform is abnormal, the start-stop 
will be free running oscillator has failed. Refer to paragraph 
and without a clamp 4-7d for circuit description. 
interval. 

Remove the jumper when the trouble has been 
remedied. 
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Table 
4-1 

STEP 

16 

17 

18 

19 

20 

4-10 

TEST 
POINT 

0 

0 

0 

® 

0 

PRELIMINARY 
ACTION 

Connect the vertical 
input of the oscillo­
scope to the junction 
of R23 and R24 on 
printed circuit board 
A3. 

With a voltmeter 
set on the 15v range, 
measure the voltage 
on the collector of 
each element of the 
start-stop distribu­
tor. Measurements 
can be made at the 
junction of the 820 
ohm resistors and 
0. 01 uf capacitors 
for each element. 

Connect the vertical 
input of the oscillo­
scope to test point 
J2 on printed circuit 
board A2. 

Connect the vertical 
input of the oscillo­
scope to the junction 
of R14 and CR6 on 
printed circuit board 
Al. 

Connect the vertical 
input of the oscillo­
scope to the junction 
of Rll and R12 on 
printed circuit board 
A2. 

NAVSHIPS 94376(A) 
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TABLE 4-1. (CONT'D) 

NORMAL 
INDICATION 

The waveform 
should be as indi­
cated on figure 
4-8, 4-30 or 
5-66. (These are 
narrow pulses. It 
may be necessary 
to increase oscil­
loscope intensity 
to see them.) 

A cutoff transis­
tor should measure 
-6 volts. A con­
ducting transistor 
should measure +1 
volts. Since ring 
is cycling, the 
voltmeter reading 
should flicker at 
the character rate. 

The waveform 
should be as indi­
cated on figure 
4-5, 4-30 or 
5-66, except that 
a free running 
positive pulse of 
1 volt amplitude 
and 1/2 bit dura­
tion should run 
through the wave­
form. 

The waveform 
should be as indi­
cated on figure 
4-4, 4-30 or 
5-66. 

The waveform 
should be as indi­
cated on figures 
4-5, 4-30 or 
5-66. 

NEXT STEP 

If the waveform is normal, the driver amili­
fier is functioning properly. The failure is 
in the start-stop distributor. Proceed to 
step 17. 

If the waveform is abnormal, the driver 
amplifier has failed. Refer to paragraph 
4-7f for circuit description. 

A failure is evident in any element of the 
ring whose collector is at constant voltage. 
Refer to paragraph 4-7g for circuit 
description. 

Once the malfunctioning component has been 
replaced, remove the jumper. 

If the waveform is normal, except for the 
absence of the free running pulse, the failure 
is in the range control uni vibrator. Proceed 
to step 19. 

If the -6 volt portion of the waveform is 
absent, the failure is in the start control 
gate. Refer to paragraph 4-7c for circuit 
description. 

After the malfunctioning component has been 
replaced, remove the jumper. 

If the waveform is normal, the failure is in 
the start-stop oscillator control amplifier or 
the start-stop oscillator clamp. Proceed to 
step 20. 

If the waveform is abnormal, the failure is in 
the range control univibrator. Refer to para­
graph 4-7b for circuit description. 

If the waveform is normal, the failure is in 
the start-stop oscillator clamp. Refer to 
paragraph 4-7c for the circuit description. 

If the waveform is abnormal, the failure is in 
the start-stop oscillator control amplifier. 
Refer to paragraph 4-7c for the circuit de­
scription. 

Once the malfunctioning component has been 
replaced, remove the jumper. 
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STEP 

21 

22 

23 

24 

TEST 
POINT 

0 

0 

0 

0 

PRELIMINARY 
ACTION 

Connect the vertical 
input of the oscillos­
cope to the junction 
of R25 and the collector. 
of Q6 or printed circuit 
board A4. 

As step 21, but to the 
following junctions: 
R21 - coll, Q5 
Rl7 - coll, Q4 
Rl3 - coll, Q3 
R9 - coll, Q2 

Connect the vertical 
input of the oscillo­
scope to test point 
J2 on printed circuit 
board A4. 

NA VSHIPS 94376(A) 
Table 

4-1 

TABLE 4-1. (CONT'D) 

NORMAL 
INDICATION 

The waveform 
should be as 
indicated on figure 
4-10, 4-30 or 5-66 

As step 21. 

The waveform 
should be as in­
dicated on figure 
4-10, 4-30 or 5-66 

The waveform 
should be as 
shown in figure 

NEXT STEP 

If the waveform is normal, proceed to 
step 22. 

If all waveforms are normal for each 
element, proceed to step 24. 

If the waveform is abnormal for any or all 
elements, proceed to step 23. 

If the waveform is normal, the failure is in 
that element of the storage selecti�n gates 
indicated in steps 21 and 22. Refer to 
paragraph 4-7h for the circuit description. 

If the waveform is abnormal, the failure 
is in the inverter circuit, of Ql6 (A3)� Refer 
to paragraph 4-7h for the circuit description. 

If the waveform is normal, proceed to step 
26. 

Connect the vertical 
input of the oscillo­
scope in turn, to the 
output side of CR2, 
CR5, CR8, CRll, 
CR14, of printed 
circuit board A4. 

I 4-12, 4-30 or 5-66 If the waveform is abnormal, proceed to 
step 25. 

25 

26 

27 

ORIGINAL 

0 

0 

0 

0 

Connect the vertical 
input of the oscillo­
scope to the emitters 
of the transfer flip­
flops on printed 
circuit board A5, 
in turn, as follows: 
Junction of R40 and 
R38 
Junction of R31 and 
R29 
Junction of R22 and 
R20 
Junction of R13 and 
Rll 
Junction of R.4 and R2. 

Connect the vertical 
input of the oscillo­
scope to test point 
J2 on printed circuit 
board A1. 

Connect the vertical 
input of the oscillo­
scope to the junction 
of R4 and the collector 
of Ql on printed cir­
cuit board A4. 

The waveform 
should be as 
shown in figure 
4-11, 4-30 or 
5-66. 

The waveform 
should be as 
shown on figure 
4-16, 4-30 or 
5-66. 

The waveform 
should be as 
shown on figure 
4-15, 4-30 or 
5-66. 

If all the waveforms are normal the failure is 
in the first level release amplifier on printed 
circuit board A2. Refer to paragraph 4-7i, 
for the circuit description. 

If any single waveform is abnormal, the 
failure is in that element of the storage. 
Refer to paragraph 4-7i for the circuit 
description. 

If the waveform is normal, proceed to step 32. 

If the waveform is abnormal, proceed to step 
27. 

If the waveform is normal, the failure is in the: 
transfer circuit. Refer to paragraph 4-7n for 
the circuit description. 

If the waveform is abnormal, proceed to step 
28. 
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Table 
4-1 

STEP 

28 

29 

30 

31 

32 

4-12 

TEST 
POINT 

0 

0 

PRELIMINARY 
ACTION 

Connect the vertical 
input of the oscillo­
scope to the junction 
of R25 and R24 on 
printed circuit board 
Al. 

Connect the vertical 
input of the oscillo­
scope to test point J2 
on printed circuit 
board A4. 

Connect the vertical 
input of the oscillo­
scope to test point 
J1 on printed circuit 
board A2. 

Connect the vertical 
input of the oscillo­
scope to the input 
side of C2 on printed 
circuit board A2. 

Connect the vertical 
input of the oscillo­
scope in turn to each 
of the following junc­
tions on printed cir­
cuit board A6. 
R45 - C10 
R36 - C8 
R27 - C6 
R18 - C4 
R9 - C2 
R54 - C12 

NA VSHIPS 94376(A) 
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TABLE 4-1 . (CONT'D) 

NORMAL 
INDICATION 

The waveform 
should be as 
shown on figures 
4-14, 4-30, or 
5-66. 

The waveform 
should be as 
shown in figure 
4-15, 4-30 or 
5-66. 

The waveform 
should be as indi­
cated on figure 
4-11, 4-30 or 
5-66. 

The waveform 
should be as 
shown on figure 
4-11, 4-30 or 
5-66. 

The waveform 
should be as 
shown on figure 
4-13, 4-30, or 
5-66. 

NEXT STEP 

If the waveform is normal, proceed to step 29 

If the waveform is abnormal, proceed to step 
30. 

If the waveform is normal, the failure is in 
the transfer firing gate. Refer to paragraph 
4-7m for the circuit description. 

If the waveform is abnormal, the failure is in 
the transfer prime circuit. Refer to para­
graph 4-7i for the circuit description. 

If the waveform is normal, the failure is in 
the clock delay univibrator. Refer to para­
graph 4-71 for the circuit description. 

If the waveform is abnormal, proceed to step 
31. 

If the waveform is normal, the failure is in 
the clock inverter. Refer to paragraph 4-7o 
for circuit description. 

If the waveform is abnormal, check the 
output of the Oscillator-Power Supply. 

If all the waveforms are normal, the failure 
is in the element of the second level storage 
corresponding to the faulty output. Refer to 
paragraph 4-7k for the circuit description. 

If any waveform is abnormal, the failure is in 
the storage transfer gate corresponding to the 
faulty element. Refer to paragraph 4-7j for 
the circuit description. 
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Table 
4-2 

TABLE 4-2. REQUIRED TEST EQUIPMENT 

EQUIPMENT RECOMMENDED TYPE EQUIVALENT 

Multimeter, Volt-Ohm- AN/PSM-4C TS-352( )/U 
Milliameter. 

20, 000 ohms per volt de 
1, 000 ohms per volt ac 

0 - 5, 000 volts, 0 - lOA, de 
0 - 1, 000 volts, ac 
0 - 10 megohms 

Transistor Test Set TS-1100/ U  
Oscilloscope 

AN/USM-105A AN/USM-24 B, C de - 15 me 

-------

b. Table 4-2 is a list of the test equipment re­
quired to perform the localization of faulty compo­
nents through the use of Table 4-1. 

c. Table 4-3 is a list of the controls and indica­
tors of the Transmitter Code Converter. Column 
one indicates the name of the control or indicator and 
column two lists the position of the component on the 
drawer. Column three lists the normal position of 
the control or the normal indication of the indicator. 

d. Table 4-4 is a list of the adjustments and 
alignment procedures which affect the operation of 

HP 150A, w 152B 
HP 160B, w 162 A 
Tek 535, w C-A 
Tek 531 
Tek 514 

the Transmitter Code Converter. The actual pro­
cedures are given in Section 5, in the paragraphs 
noted in column 3. 

e. The logic block diagram for the Transmitter 
Code Converter is shown on figure 4-30. The inter­
connecting wiring diagram and the schematic dia­
gram for this drawer are shown on figures 5-65 and 
5-66. Figures 5-32 and 5-33 show the position of 
all adjustment controls and indicators. Test jacks 
for the individual circuits are shown on figures 5-34 
through 5-38. 

TABLE 4-3. TRANSMITTER CODE CONVERTER, CONTROLS AND INDICATORS 

CONTROL LOCATION NORMAL POSITION REMARKS 

WPM switch S1 Front Panel 1, 2, 3, or 4 as required. The setting of this control must 
agree with the setting of the WPM 
switches on the Transmitter Mux-
Demux drawer. 

Line Current Front Panel 20 to 25 rna, or 60 to The line current meter reading 
Meter, M1 65 rna. depends upon the preset current 

level. 

The adjustment of R1, the LINE 
RHEOstat will affect the indication 
of this meter. 

If zero line current is indicated, 
with a known signal into the 
transmitter, check fuse F 1, as 
explained in paragraph 3-6e. 

ORIGINAL 4-13 
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TABLE 4-4. TRANSMITTER CODE CONVERTER, ADJUSTMENT AND ALIGNMENT PROCEDURES 

ADJUSTMENT CIRCUIT REFER TO 

LINE RHEO Input circuit Paragraph 5-4. b, (1) 

RANGE CONTROL Range Control Univibrator Paragraph 5-4. b, (2) 

CLAMP ADJUST Start -Stop Oscillator 

FEEDBACK ADJUST Start-Stop Oscillator 

FREQUENCY ADJUST Start -Stop Oscillator 

f. Occasionally it becomes desirable, for circuit 
lineup or maintenance purposes, to connect the local 
Transmitter Group to the local Receiver Group. 
This mode of operation is usually originated by a 
serviceman or experienced operator. 

(1) The local Transmitter Group is connected 
directly to the local Receiver Group. Text mes­
sages transmitted by the local start-stop transmit­
ters will be recorded by the local telegraph receiv­
ing equipments. 

(2) The local message center using the channels 
should be notified whenever a local test is being 
made. Bona fide traffic must not be lost by initiat­
ing a test when the circuits are in use. The follow­
ing procedure should be folLowed: 

(a) Turn the LOCAL REMOTE switch of the 
Control Amplifier to LOCAL. Likewise, turn the 
LOCAL REMOTE switch located at the Sync Unit 
to LOCAL. Turn the operating mode switch to M 
(mark) and observe multiplex line current. The line 
current should be approximately 53 milliamperes 
which is more than adequate for local test purposes. 

(3) Providing a multiplex signal is being gene­
rated at the transmitting terminal, and channel A is 
idle, AUTO MANUAL switch should be moved to its 
AUTO position. The framing switch should then be 

4-14 

Paragraph 5-4. b, (3) 

Paragraph 5-4. b, (4) 

Paragraph 5-4. b, (5) 

depressed until the equipment is in proper frame. 
By observing the channel A line current meter it is 
possible to ascertain an "in-frame" condition. So 
long as an incorrect frame condition exists, the line 
current meter indicator will pulse. When the equip­
ment is properly framed, the indicator will come to 
rest. If difficulty is experienced in framing the 
Receiver Group, operate the signal polarity switch 
tv the INVERTED position. If one is now able to 
frame the unit it indicates that inverted signals are 
being received. If difficulty in framing the unit is 
still experienced, check the position of the various 
controls. 

( 4) Tests may now be run. Signals may be 
monitored at both the transmitting and receiving 
converters on each channel. Troubles within the 
equipment may therefore be isolated from those else­
where in the system. 

g. The following caution must be observed when 
performing trouble shooting procedures: 

CAUTION 

Deenergize the equipment prior to re­
moving or installing drawers. After 
the reinstallation of drawers, the 
equipment is to warm up for fifteen 
minutes to ensure oscillator stability. 
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Paragraph 
4-7 

4-7. TRANSMITTING CODE CONVERTER, 
CIRCUIT DESCRIPTIONS. 

a. INPUT CIRCUIT. (See figure 4-3.) 

(1) CIRCUIT DESCRIPTION. 

(a) Transistors Q1 and Q2 on printed circuit 
board A1 comprise the input flip-flop circuit. This 
flip-flop receives its set and reset inputs through 
transformer T1 and line filter A12. 

(b) The input signal to the Transmitter Code 
Converter is applied through pins h and j of connec­
tor J9. With a steady mark signal at the input, 
meter Ml indicates approximately 20 or 60 milli­
amperes, depending upon the terminal connections 
of terminal board TB2. These connections are de­
pendent upon the requirements of the external equip­
ment used with the Multiplex Set. The LINE RHEO­
stat, Rl, limits the current for the proper operating 
level. 

{c) When the Multiplex Set is energized, plus 
and minus six volts are applied to the differentiating 
network of Cl, R4 and R5 on board All. The junction 
of R4 and R5 is instantaneously positive, causing the 
reset side of the input flip-flop to become positive 
through conduction of CR4 on board Al and CR4 on 
board All. 

{d) Tl is a specially wound transformer with 
a nearly square hysteresis curve. The input signal 
is developed across the primary windings connected 
to terminals 2 and 3 of A10 when used with 60 rna 
external equipment. (Terminals 1 and 3 of AlO are 
used with 20 rna external equipment. ) The primary 
windings connected to terminals 4 and 5 apply a bias 
current to place the transformer coil near the satu­
ration level. An input mark signal introduces current 
flow in the input primary windings driving the trans­
former core into saturation. When the core is 
saturated,the impedance of the secondary windings 
drops to a negligible level. At this time, current 
flows from the -12 volt supply through R3, R2, CRl, 
and the secondary winding of Tl to ground. The 
base of Ql goes positive, setting the input flip-flop. 
The other secondary winding of Tl (terminals 7 and 
8 of All) also provides a low impedance path to 
ground at saturation of the core of Tl, but diode CR4 
presents a high impedance to any current flow. 

{e) An input space {or start pulse) stops cur­
rent flow in the primary of Tl. The core of Tl is 
unsaturated generating a pulse in the secondary 
windings. The negative signal at terminal 8 of AlO 
is conducted by CR5 to the base of transistor Q2 on 
Al to reset the input flip -flop. Diode CRl offers a 
high impedance path to any current flow in the cir­
cuits of the set side of the input flip-flop. 

(f) Q3 is an inverter circuit. The input to Q3 
is taken from the collector of Q2 (the 0 output of the 
flip-flop). When a mark signal is the input, the out­

put of the flip-flop {set) is -6 volts. Q3 is cut off 

ORIGINAL 

and the voltage to the start control gate is a 0 volt­
age level. When a space period is the input, the out­
put of the flip-flop (reset) is 0 volts. Q3 conducts 
and the voltage to the start control gate is -6 volts. 

(2) TEST DATA. 

(a) The input circuit is shown in logic form on 
the Transmitter Code Converter logic diagram, 
figure 4-30. The intraconnection information and 
the complete schematic diagram is shown on figures 
5-65 and 5-66, respectively. 

{b) The only adjustment which will affect the 
input circuit is the adjustment of the LINE RHEO­
stat. The procedure for performing this adjustment 
is given in paragraph 5-4. b, (1). 

{c) The components of the input circuit are 
located on printed circuit boards 3A3Al, 3A4Al, 
3A5Al, and 3A6Al of the respective Transmitter 
Code Converter drawers. 

(d) The only test equipment required for 
trouble shooting or repair of the input circuit is the 
test equipment listed in Table 4-2. When repairing 
printed circuit boards, the precautions given in 
paragraph 5-6 are to be observed. 

(e) The test point for the input circuit is indi­
cated on Figure 5-34. 

b. RANGE CONTROL. (See figure 4-4.) 

{1) CIRCUIT DESCRIPTION. 

{a) Transistors Q4, Q5 and Q6 on printed cir­
cuit board Al comprise a univibrator circuit. Q4 is 
normally conducting and Q5 is cut off. Q6 is a buf­
fer amplifier in the feedback circuit between Q4 and 
Q5. The univibrator receives its input signal 
through Cl2 and R21 which are connected to the base 
of Q5 and the junction of CR9, CRlO, and R22. 

{b) CR9, CRlO and R22 form an AND gate. 
The inputs to this gate are the input signal and the 
stop element of the start-stop distributor. With a 
steady mark signal at the input to the Transmitter 
Code Converter and with the stop element of the 
start-stop distributor fired, both inputs to the gate 
are at 0 volts. The output of the gate is also 0 volts. 
Receipt of a space signal at the input circuit applies 
-6 volts to CR9, disabling the AND gate and driving 
the voltage across R22 to -6 volts. This negative 
transition goes through Cl2 and R21 to the base of 
Q5 to fire it. 

{c) The collector of Q5 rises from -6 to 0 
volts. Emitter follower Q6 conducts this negative 
voltage through the RANGE CONTROL potentiometer 
R2, and C2 to the base of Q4, turning it off. The 
univibrator remains in this state for a period of 
time determined by the charging rate of C2 and the 
RANGE CONTROL potentiometer. The normal set­
ting of R2 is such that the univibrator will remain 

4-15 



Paragraph 
4-7b NAVSHIPS 94376(A) 

AN/UGC-lA 
TROUBLESHOOTING 

in its set condition for a period of time equal to one 
half the start pulse. 

(d) Firing of the range control univibrator 
enables a gate which allows the input pulse to initiate 
the start-stop cycle. The first pulse of this cycle 
turns off the stop element which has enabled the AND 
gate of CR9 and CRlO. When this gate is disabled, 
mark-space transitions following the initial start­
stop transition will not cycle the range control uni­
vibrator. 

(e) The output of the range control uni vibrator 
is applied to the start control gate, as a 0 voltage 
level. 

(2) TEST DATA. 

(a) The range circuit is shown in logic form on 
the Transmitter Code Converter logic diagram, fig­
ure 4-30. The intraconnection information and the 
complete schematic diagram is shown on figure 
5-65 and 5-66, respectively. 

INPUT 
SIGNAL 
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Ml II 

0-IOOMA II 
II 
II 
II 
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Rl 
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(b) The only adjustment which will affect the 
operation of the range univibrator is the RANGE 
CONTROL adjustment. The procedure for per­
forming this adjustment is given in paragraph 5-4, 
b, (2). 

(c) The components of the range control cir­
cuit are located on printed circuit boards 3A3Al, 
3A4Al, 3A5Al, and 3A6Al of the respective Trans­
mitter Code Converter drawers. Capacitor C2 and 
resistor R2 are located on terminal board 1, and 
the bottom board of the drawer. 

(d) The only test equipment required for 
trouble shooting or repair of the range control 
circuit is the test equipment listed in table 4-2. 
When repairing printed circuit boards, the pre­
cautions given in paragraph 5-6 are to be observed. 

(e) There are no major test points for the 
range control circuit. 
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Figure 4-3. Simplified Schematic, Input Circuit 
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Paragraph 
4-7c 

c. START CONTROL GATE. (See figure 4-5.) 

(1 ) CIRCUIT DESCRIPTION. 

(a) CR7, CR8, and R15 on printed circuit board 
A1 comprise a negative AND gate AG-1 on logic dia­
gram 4-30. The inputs to this gate are the outputs 
from the input flip-flop and from the range control 
univibrator. With a steady mark signal to the input 
flip-flop, these voltages are 0 at CR8 and -6 at CR7. 
The output of the AND gate is a 0 voltage which is ap­
plied to CR2 on printed circuit board A2. 

(b) CR2, CR3, and R8 on printed circuit 
board A2 comprise an OR gate OG-1 on logic dia­
gram 4-30. As mentioned previously, one input to 
this gate is the output of gate AG-1. The second 
input, to CR3, is the output of the stop element of the 
start-stop distributor. If the stop element is con­
ducting, the voltage to CR3 is 0. The output of the 
OR gate is 0, allowing current flow through R9 and 
R10. The junction of R9 and R10 is connected to the 
base of Q3. Q3 is saturat ed to control the clamping 
of the start -stop oscillator. 

(c) Receipt of a start pulse at the input flip­
flop fires the range control univibrator to instan­
taneously apply a 0 voltage to CR7. CR8 is at -6 
volts from the input flip-flop. The output of the AND 
gate is still 0 volts. When the range control univi­
brator times out, the voltage applied to CR7 drops 
to -6 volts, driving the output of OR gate to -6 
volts. This voltage is applied to CR2 on printed cir­
cuit board A2 to enable the OR gate. The output of 
the gate drops to -6 volts, driving Q3 into cut off 
and unclamping the start-stop oscillator. The oper­
ation of the start-stop oscillator steps the start-stop 
distributor to turn off the stop element of the distri­
but or. When this element is cut off, OR voltage to 
CR3 drops to -6 volts, inhibiting the OR gate until 
the stop element of the distributor is again fired. 

(d) When Q3 is saturated, the start-stop oscil­
lator is clamped and when Q3 is cut off, the oscilla­
tor is unclamped. With Q3 saturated, -6 volts ap­
pears at the collector. This voltage is applied 
through R12 to the base of Q7, the start-stop oscil­
lator clamp. Bias current flows and Q7 becomes 
saturated, resulting in 0 voltage at the collector. 
This voltage is applied through the CLAMP ADJUST 
potentiometer R3, located on the side panel, to the 
junction CR4 and CR5. 

(2) TEST DATA. 

(a) The start control gate and control amplifier 
are shown in logic form on the Transmitter Code 
Converter logic diagram, figure 4-30. The logic 
symbols are OG-1 and IV -2. The intraconnection 
information and the complete schematic diagram are 
shown on figure 5-65 and 5-66, respectively. 

(b) There are no adjustments which affect the 
start control gate. 
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(c) The components of the start control gate 
are located on printed circuit boards 3A3A1, 
3A4A1, 3A5A1, and 3A6A1 of the respective Trans­
mitter Code Converter drawers. The components of 
the control amplifier and OR gate OG1 are located 
on printed circuit boards 3A3A2, 3A4A2, 3A5A2, 
and 3A6A2. 

(d) The only test equipment required for 
trouble shooting or repair of these circuits is the 
test equipment listed in Table 4-2. When repairing 
printed circuit boards, the precautions given in 
paragraph 5-6 are to be observed. 

(e) There are no test points for these circuits. 

d. START-STOP OSCILLATOR. (See figure 4-6.} 

(1) CIRCUIT DESCRIPTION. 

(a) The start-stop oscillator, Q4, is a sine 
wave oscillator which is turned on or off by Q7, the 
start-stop oscillator clamp. Q4 is connected as a 
Hartley oscillator with the output taken from its 
emitter. The NPM switch S1 permits changing the 
capacity of the tuned circuit to match different wpm 
operations. For example, at 60 wpm a single pulse 
(mark or space) is 22 milliseconds long. FRE­
QUENCY ADJUST L1, ClA and C1B, connected in 
parallel, constitute a tuned circuit which is adjusted 
to produce a sine wave with a frequency of 45. 45 
cycles per second, resulting in a cycle duration of 
22 milliseconds. 

(b) With Q7 conducting, current flows through 
CLAMP ADJ R3, CR4, and R18 to the -6 volt supply. 
CR5 clamps the base of Q4 to the voltage at the 
junction of the CLAMP ADJUST potentiometer and 
CR4, preventing any variations in the base voltage 
of Q4. This action holds a constant charge on the 
externally located C1 and prevents oscillation. 

(c) The CLAMP ADJUST potentiometer, R3, 
permits the adjustment of the base voltage of Q4 to 
any value between 0 and -4 volts. This determines 
the current through FREQUENCY ADJUST Ll. Dur­
ing the idle condition, the emitter of Q4 is at -6 
volts so that no current is flowing in the feedback 
circuit consisting of the -6 volt supply, the lower 
section of FREQUENCY ADJUST L1, FEEDBACK 
ADJUST R4, lU4, RT-1, the collector of Q4, and 
the -12 volt supply. 

(d) As soon as Q7 is cut off, its collector goes 
to -12 volts, back biasing CR5 and unclamping the 
base of Q4. As current through L1 starts to de­
crease, the voltage across it decreases, C1A or 
C1B discharges and the base of Q4 goes more nega­
tive. This biases Q4 and increases conduction, 
driving the emitter more negative. Current begins 
to flow through the feedback circuit, and through the 
circuit in parallel with the lower section of L1, 
from the -6 volt supply, through C1, through section 
4-3 of L1 and through the remainder of the feedback 
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Figure 4-6. Simplified Schematic, Start Stop Oscillator 

circuit. This action continues until C1 is completely 
discharged and becomes charged in the opposite di­
rection to the same voltage as exists across the 
lower section of Ll. At this point, the current in 
Ll is zero, and the emitter voltage of Q4 is about 
-10 volts (according to the setting of the FEEDBACK 
ADJUST control, R4). 

(e) C1A and ClB now begin to discharge, and 
the base of Q4 goes less negative, decreasing con­
duction ill Q4. The emitter voltage increases result­
ing in a current through the feedback circuit charging 
Cl on the opposite polarity. As a result of this 
continuous action, a sine-wave oscillation occurs 
with the frequency determined by the capacitance and 
inductance in the circuit. When Q7 turns on again, 
the base voltage of Q4 is clamped and oscillation 
ceases. 

(2) TEST DATA. 

(a) The start-stop oscillator is shown in logic 
form on the Transmitter Code Converter logic dia­
gram, figure 4-30. The intraconnection information 
and the complete schematic diagram are shown on 
figure 5-65 and 5-66, respectively. 

ORIGINAL 

(b) The adjustments which affect the start­
stop oscillator circuit are the adjustment of the 
FEEDBACK ADJUST, the FREQUENCY ADJUST, 
and the CLAMP ADJUST. The procedure for per­
forming these adjustments is given in paragraph 
5-4. b, (3), 5-4. b, (4), and 5-4. b, (5). 

(c) The components of the start-stop oscilla­
tor are located on printed circuit boards 3A3A2, 
3A4A2, 3A5A2, and 3A6A2. 

(d) The only test equipment required for 
trouble shooting or repair of these circuits is the 
test equipment listed in Table 4-2. When repairing 
printed circuit boards, the precautions given in 
paragraph 5-6 are to be observed. 

(e) The test points for the start-stop oscilla­
tor circuit are indicated on figures 5-32 and 5-35. 

e. SQUARING AMPLIFIER. (See figure 4-7.) 

(1) CIRCUIT DESCRIPTION. 

(a) Transistors Q5 and Q6 on printed circuit 
board A2 comprise a squaring amplifier. W ith the 
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start-stop oscillator clamped, -5 volts appears at 
its emitter. This potential is sufficient to drive Q5 
into saturation, the emitter having been returned to 
-6 volts. With Q5 saturated, -6 volts appears at the 
collector and, when applied to the base of Q6, satu­
rates that transistor. 

(b) The first half-cycle generated by the start­
stop oscillator is always negative-going and drives 
Q5 into cut off. Then, one half cycle later, the os­
cillator swings positive, Q5 conducts into saturation 
and draws Q6 into saturation. A feedback current 
through R24 aids in squaring the waveform at the 
collector of Q5. The output of Q5 is applied to the 
distributor drive circuit. 

(2) TEST DATA. 

(a) The squaring amplifier is shown in logic 
form on the Transmitter Code Converter logic dia­
gram, figure 4-30. The intraconnection information 
and the complete schematic diagram are shown on 
figures 5-65 and 5-66, respectively. 

(b) There are no adjustments for the squaring 
amplifier circuit. 

(c) The components of the squaring amplifier 
are located on printed circuit boards 3A3A2, 3A4A2, 
3A5A2, ani 3A6A2. 

(d) The only test equipment required for 
trouble shooting or repair of these circuits is the 
test equipment listed in Table 4-2. When repairing 
printed circuit boards the precautions given in para­
graph 5-6 are to be observed. 

(e) The test point for this circuit is indicated 
on figure 5-35. 

e. DISTRIBUTOR DRIVE CIRCUIT. (See figure 
4-8. ) 

(1} CIRCUIT DESCRIPTION. 

4-20 

(a) The output of the squaring amplifier on 
printed circuit board A2 is applied to the drive amp­
lifier on printed circuit board A3 via C9 . Capacitor 
C9 and R25 differentiate the square wave signals 
from the squaring amplifier. The positive-going 
transitions from the squaring amplifier are differen­
tiated into narrow pulses with a sharp peak. Trans­
istor Q15 is connected as a common emitter ampli­
fier which is normally conducting. The collector 
load, R23, is connected to R24 which in turn couples 
the output of Q15 tothe common emitters of the 
transistors of the start-stop distributor. 

(b) Each positive pulse from the differentiating 
circuit drives normally conducting Q15 to cut off for 
the duration of the pulse. The output from the col­
lector of Q15 is a drive pulse for each positive input. 
The drive pulses (approximately 10 microseconds 
long) swing from +6 volts to -6 volts. 

(2) TEST DATA. 

(a) The distributor drive circuit is shown in 
logic form on the Transmistter Code Converter logic 
diagram, figure 4-30. The intraconnection informa­
tion and the complete schematic diagram are shown 
on figures 5-65 and 5-66, respectively. 

(b) There are no adjustments for this circuit. 

(c) The components of this circuit are located 
on printed circuit boards 3A3A3, 3A4A3, 3A5A3, and 
3A6A3. 

(d) The only test equipment required for 
trouble shooting or repair of these circuits is the 
test equipment listed in Table 4-2. When repairing 
printed circuit boards, the precautions given in para­
graph 5-6 are to be observed. 

(e) There are no test points for this circuit. 

f. START-STOP DISTRIBUTOR. (See figure 4-9.) 
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(1) CIRCUIT DESCRIPTION. 

(a) The basic elements in the start-stop distri­
butor are a PNP and NPN transistor connected in a 
"truncated N" circuit. The start-stop distributor 
consists of seven elements, one each for the start 
element, the five code elements, and the stop ele­
ment of the start-stop signal. 

(b) The "truncated N" circuit uses the two 
stable states of the element to form the basic sequen­
tial switching functions on and off. The on state is 
defined as the interval of heavy conduction in which 
the element is passing approximately 16. 5 milli­
amperes of current. The off state is the interval in 
which the element is passing approximately 6 milli­
amperes of current. 

(c) The emitters of the PNP transistors are 
connected to a common emitter load resistor, R24. 
The drive amplifier Q15 is normally biased into 
saturation so the emitter-to-collector potential is 
practically zero. When Q15 is conducting, the com­
mon emitter resistor R24 is returned to +6 volts at 
the collector of Q15. 

(d) As the collector potential is applied, the 
distributor will turn on. The NPN transistor having 
the lowest collector-to-base resistance (highest cur­
rent gain) will cause the associated PNP transistor 
to turn on, since this particular base reaches the 
conducting bias first. The start element in the ring 
is purposely arranged to have a lower collector-to-· 
base resistance, by use of a lower value of collector 
resistance (3300 ohms in place of 3900 ohms). The 
current through the PNP transistor divides between 
its collector load and the NPN transistor. Initially, 
the PNP transistor is an open circuit until the emit­
ter potential reaches the potential on its base (ap­
proximately 2. 6 volts). In the off state, approxi­
mately 6 milliamperes flows. When the critical 
current of 7. 3 milliamperes is reached the clamp 
diode is unable to hold the base of the NPN transistor 
at -6 volts. It conducts and changes the potential on 
the base of the PNP transistor. Thus, the PNP 
transistor is driven into saturation. This results in 
a current flow of approximately 16. 5 milliamperes 

ORIGINAL 

to establish the on state of the element. The PNP 
transistor collector-to-ground potential in the on 
state is approximately zero volts. In its off state, 
a value of -6 volts is maintained by clamp diodes 
CR1 through CR7. 

(e) The dynamic action of the ring occurs as 
follows. Negative-going drive pulses of approxi­
mately 7 microseconds in duration and 12 volts in 
amplitude are applied to the common emitters of 
the ring through R24. Each of these drive pulses 
will turn off the conducting ring element. The col­
lector potential of the conducting element swings 
sharply negative and generates a charging current 
through its associated capacitor (C1 through C6) 
connected to the base of the following transistor. 
This charging current generates a negative voltage 
which primes the next stage. At the end of the 7 
microsecond switching period, the primed transistor 
will turn on. Each stage of the distributor will be 
fired in turn. Each stage will prime the next when 
the negative 12 volt pulse is applied. The primed 
stage fires when the 12 volt pulse ends. 

(f) The output of each element is obtained at 
the junction of the PNP collector and the NPN base. 
The output of the start element is applied to the 
first-level release amplifier Q2 on printed circuit 
board A2. Outputs from elements 1 through 5 are 
applied to·the storage selection gates on printed 
circuit board A4. The stop element is applied to the 
start-stop control gate (AG2) and AND gate OG1 on 
printed circuit board A2 and A1, respectively. 

(2) TEST DATA. 

(a) The start-stop distributor is shown in logic 
form on the Transmitter Code Converter logic dia­
gram, figure 4-30. The intraconnection information 
and the complete schematic diagram are shown on 
figures 5-65 and 5-66, respectively. 

(b) There are no adjustments which affect the 
start-stop distributor. 

(c) The components of this circuit are located on 
printed circuit boards 3A3A3, 3A4A3,3A5A3, and 3A6A3. 
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Figure 4-9. Simplified Schematic, Start-Stop Distributor 

g. STORAGE SELECTION GATES. (See figure 
4-10.) 

(a) The storage selection gates on printed 
circuit board A4 consist of five identical transistor 
AND gates, one for each code pulse in the start-stop 
signal. The output of the corresponding code element (1) CIRCUIT DESCRIPTION. 
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of the start-stop distributor is applied to the emitter 
of Q2 through Q6 via the 0. 01 uf capacitor. The in­
put signal is applied to the base circuits via pin f of 
the board connector and the associated 470 ohm 
resistors. 

(b) Initially, the emitter potential of Q2 
through Q6 is held at -6 volts by the potential applied 
via pin c of the board connector and the correspond­
ing 22K resistor. The common base lead of the 
transistors is connected to the collector of Q16 on 
printed circuit board A3. The base of Q16 is con­
nected via R26 to the collector of Q3 on printed cir­
cuit board Al. 

(c) The input flip-flop furnishes inverted 
start-stop signals to the base of Q3. Transistor Q3 
inverts this signal and applies in-phase start-stop 
signals to the base of Q16 on printed circuit board 
A3 via R26. The application of a mark (Ov) to R26 
drives Ql6 to conduction, resulting in -6 volts at the 
collector. This voltage is divided by voltage divider 
R28 and R29 on printed circuit board A3, and by the 
voltage divider consisting of a 470 ohm and 4. 7K 

START-STOP 

DI STRIBUTOR 

IN PUT � 
SIGN AL 

+6V 1 • VV\r 

NO.I I I ... I 

resistor in the base circuit of each gate. The bases 
of Q2 through Q6 are driven negative (-3. 5 volts) by 
this voltage, and the corresponding AND gate is en­
abled. The application of a space (-6 volts) to R26 
results in cutting off Q3 on printed circuit board A3. 
In this condition, +6 volts appears at the base of Q2 
through Q6. 

(d) Since the emitters of Q2 through Q6 on 
printed circuit board A4 are connected to -6 volts, 
these transistors are normally non-conducting, and 
-12 volts appears at the collector. As each element 
of the start-stop distributor fires, a positive-going 
transition is applied to the corresponding emitter 
connection of Q2 through Q6. These pulses are +6 
volts in amplitude. If the voltage at the common 
base lead is -3. 5 volts signifying a mark, the trans­
istor which received the fired element from the 
start-stop distributor will saturate, driving its col­
lector to 0. If the potential at the common base lead 
is at +6 volts signifying a space, the emitter of the 
transistor which received the fired elements from 
the start-stop distributor remains more negative 
than the base, and the transistor will not conduct. 

N0.2 I I .. If ., w. I • 

ORIGINAL 

N0.3 

N0.4 

N0.5___. 

SAME AS 05 OR 06 

04,03,02 
SELECTION GATES N0 .3,4 AND 5 
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As each element of the start-stop distributor con­
ducts, a pulse is generated at the corresponding col­
lector of Q2 through Q6 whenever a mark is present 
on the common base lead. The output of each gate is 
applied to a corresponding first-level flip-flop on 
printed circuit board A5. 

(2) TEST DATA. 

(a) The storage selection gates are shown in 
logic form on the Transmitter Code Converter logic 
diagram, figure 4-30. The logic symbols are AG3 
to AG7. The intraconnection information and the 
complete schematic diagram are shown on figures 
5-65 and 5-66, respectively. 

(b) There are no adjustments for this circuit. 

(c) The components of this circuit are located 
on printed circuit boards 3A3A4, 3A4A4, 3A5A4, 
and 3A6A4. 

(d) The only test equipment required for 
trouble shooting or repair of these circuits is the 
test equipment listed in Table 4-2. When repairing 
printed circuit boards, the precautions given in 
paragraph 5-6 are to be observed. 

(e) There are no test points for these circuits. 

h. TRANSFER FLIP-FLOPS AND RELEASE 
AMPLIFIER (See figure 4-11. ) 

(1) CIRCUIT DESCRIPTION. 

(a) The transfer flip-flops located on printed 
circuit board A5, consist of five identical flip-flops, 
one for each code pulse in the start-stop signal. 
These five flip-flops receive their input from the 
transistor AND gates and are reset by the first level 
release amplifier. In the reset state, transistors 
Q1, Q3, Q5, Q7, and Q9 are conducting. The flip­
flops are set whenever the corresponding transistor 
AND gate develops a positive-going pulse. When 
triggered, the output signal of the flip-flop swings 
from -6 volts to 0 voltage. 

(b) The first-level release amplifier is an 
emitter follower having as an input the start pulse 
from the start-stop distributor. The output of Q2 
on printed circuit board A2 is applied via the diode 
network on printed circuit board All to the transfer 
flip-flops as the reset pulse. The output from the 
first-level release amplifier swings from -6 volts to 
0 voltage upon receipt of a start pulse. The positive 
transition of this pulse is differentiated by the input 
capacitors to drive transistors Q2, Q4, Q6, Q8, and 
Q10 into cut off. Thus, the flip-flops are reset to the 
normal condition. The first-level release amplifier 
also supplies a pulse to set the transfer prime flip­
flop, Qll and Q12, on printed circuit board A5. 

(c) When the start element of the start-stop 
distributor is fired, the first-level release amplifier 
sets the transfer prime flip-flop. The output of the 
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transfer prime flip-flop enables the transfer firing 
gate. As the transfer circuit is reset by the appli­
cation of the stop pulse from the start-stop distribu­
tor, the resulting positive transition from the col­
lector of Q9 on printed circuit board A1 is applied to 
the transfer prime flip-flop as a reset pulse. 

(2) TEST DATA. 

(a) The transfer flip-flops are shown in logic 
form on the Transmitter Code Converter logic dia­
gram, figure 4-30. The logic symbols are FF3 -
FF8. The intraconnection information and the com­
plete schematic diagram are shown on figures 5-65 
and 5-66, respectively. 

(b) There are no adjustments for these cir-
cuits. 

(c) The components of these circuits are lo­
cated on printed circuit boards 3A3A5, 3A4A5, 
3A5A5, and 3A6A5. 

(d) The only test equipment required for 
trouble shooting or repair of these circuits is the 
test equipment listed in Table 4-2. When repairing 
printed circuit boards, the precautions given in 
paragraph 5-6 are to be observed. 

(e) There are no test points for these circuits. 

i. STORAGE TRANSFER GATES. (See figure 
4-12.) 

(1) CIRCUIT DESCRIPTION. 

(a) The storage-transfer gates consist of five 
identical AND gates located on printed circuit board 
A4. One gate is provided for each code element in 
the start-stop signal. The output of the transfer 
amplifier Q12 on printed circuit board A1 and the 
output of the corresponding storage element of the 
first-level storage are applied as inputs to each 
gate. 

(b) When both inputs to a gate are 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. The output of each gate is applied to the 
corresponding second-level storage flip-flop. 

(2) TEST DATA. 

(a) The storage transfer gates are shown in 
logic form on the Transmitter Code Converter logic 
diagram, figure 4-30. The logic symbols are AG8 
to AG12. The intraconnection information and the 
complete schematic diagram are shown on figures 
5-65 and 5-66, respectively. 

(b) There are no adjustments for this circuit. 

(c) The components of the storage transfer 
gates are located on printed circuit boards 3A3A4, 
3A4A4, 3A5A4, and 3A6A4. 
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Figure 4-11. Simplified Schematic, First Level Storage 

(d) The only test equipment required for 
trouble shooting or repair of these circuits is the 
test equipment listed in Table 4-2. When repairing 
printed circuit boards, the precautions given in 
paragraph 5-6 are to be observed. 

(e) There are no test points for these circuits. 

j. SECOND LEVEL STORAGE. (See figure 4-13.) 

(1) CIRCUIT DESCRIPTION. 

(a) The second-level storage consists of six 
identical flip-flops, one for each code pulse and one 
for the blank indication. These flip-flops are locat­
ed on printed circuit board A6. The five code ele­
ment flip-flops are formed by transistors Ql through 
QlO. In the reset state , transistors Q2, Q4, Q6, 
Q8, and QlO are conducting. The application of a 
positive pulse from the storage gates sets the 
second-level storage flip-flop. The positive transi­
tion of the gate pulse is differentiated by the input 
capacitor resulting in a positive pulse which turns 
off the conducting flip-flop. The trailing edge of the 

ORIGINAL 

gate pulse has a sloping edge due to the long dis­
charge time constant. This sloping edge does not 
reset the transistor. The outputs of the flip-flops 
are applied to the Mux-Demux via J9 and to the 
neon indicator connector J8. 

(b) The no. 6 flip-flop in the second-level 
storage consists of transistors Qll and Q12. This 
flip-flop is reset at the time the five code element 
flip-flops reset. When the transfer amplifier Q12 on 
printed circuit board Al develops a positive pulse, 
the no. 6 flip-flop becomes set. The pulse from the 
transfer amplifier is applied via CR3 on printed cir­
cuit board All. The outputs of this flip-flop are 
applied to the M u x- Demux via J9 and to the neon 
indicator connector J8. 

(2) TEST DATA. 

(a) The second level storage flip-flops are 
shown in logic form on the Transmitter Code Con­
verter logic diagram, figure 4-30. The logic sym­
bols are FF9 through FF14. The intraconnection 
information and the complete schematic diagram 
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Figure 4-12. Simplified Schematic, Storage Transfer Gates 

are shown on figures 5-65 and 5-66, respectively. 

(b) There are no adjustments for these cir-
cuits. 

(c) The components of the storage flip-flops 
are located on printed circuit boards 3A3A6, 3A4A6, 
3A5A6, and 3A6A6. 

(d) The only test equipment required for 
trouble shooting or repair of these circuits is the 
test equipment listed in Table 4-2. When repairing 
printed circuit boards, the precautions given in 
paragraph 5-6 are to be observed. 

(e) There are no test points for these circuits. 

k. CLOCK DELAY. (See figure 4-14.) 

(1) CIRCUIT DESCRIPTION. 

(a) The clock-delay circuit is a univibrator 
consisting of transistors Q7 and Q8 on printed cir­
cuit board A1. The clock-delay circuit is driven 
from the signal supplied by the clock inverter. In 
the univibrator circuit, Q7 is normally conducting. 
Upon application of the clock-inverter pulse, Q7 
turns off and Q8 conducts. After a timed interval, 
determined by the fixed time constant of C3, R27, 
R23, R28, and the voltage applied to R28, the circuit 
switches back to its stable condition, with Q7 con­
ducting. 

(b) The inverted output of the transfer prime 
flip-flop is applied to R28 on printed circuit board 
A1 and controls the time delay produced by the clock 
delay univibrator. When the voltage applied to R28 
from the collector of Qll is -6 volts, the univibrator 
will time out an interval of approximately 3 milli­
seconds. When the voltage applied to R28 is 0 volt­
age, the univibrator will time out an interval of ap­
proximately 6 milliseconds. The output from the 
collector of Q7 swings from 0 voltage to -6 volts and 
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is applied to the emitter of transfer firing gate 
through C2 on printed circuit board A4. 

(2) TEST DATA. 

(a) The clock delay univibrator is shown in 
logic form on the Transmitter Code Converter logic 
diagram, figure 4-30. The logic symbol is OS-2. 
The intraconnection information and the complete 
schematic diagram are shown on figures 5-65 and 
5-66,respectively. 

(b) There are no adjustments for this circuit. 

(c) The components of the circuit are located 
on printed circuit boards 3A3Al, 3A4Al, 3A5A1, 
and 3A6Al. 

(d) The only test equipment required for 
trouble shooting or repair of these circuits is the 
test equipment listed in Table 4-2. When repairing 
printed circuit boards, the precautions given in 
paragraph 5-6 are to be observed. 

(e) There are no test points for this circuit. 

1. TRANSFER FIRING GATE. (See figure 4-15.) 

(1) CIRCUIT DESCRIPTION. 

(a) The transfer firing gate operates in a man­
ner similar to the storage selection gates described 
in paragraph 4-7i. Transistor Ql on printed circuit 
board A4 receives inputs from the transfer flip-flops 
and the clock-delay univibrator. The transfer firing 
gate transistor Ql is normally biased into cut off by 
the -6 volt potential applied to the emitter by R54. 
The base circuit is connected via R3 to the collector 
of the transfer prime flip-flop. When 0 voltage is 
applied from the transfer flip-flop, signifying that 
the transfer prime circuit has not been fired, no 
output can be generated by a differentiated positive­
going pulse applied at the emitter by the clock-delay 
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Figure 4-13. Simplified Schematic, Second Level Storage 

univibrator, since the emitter is 6 volts negative, as 
compared to the base. 

(b) When the base of Ql is at -6 volts, signi­
fying that the transfer prime circuit has been fired, 
a positive-going pulse applied at the emitter will 
cause Ql to conduct. The positive-going pulse gene­
rated at the collector of Ql is applied to the transfer 
circuit. 

(2) TEST DATA. 

ORIGINAL 

(a) The transfer firing gate is shown in logic 
form on the Transmitter Code Converter logic dia­
gram, figure 4-30. The logic symbol is AG-3. The 
intraconnection information and the complete 
schematic diagram are shown on figures 5-65 and 
5-66, respectively. 

(b) There are no adjustments for this circuit. 

(c) The components of the gate are located on 
printed circuit boards 3A3A4, 3A4A4, 3A5 A4, and 
3A6A4. 
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(d) The only test equipment required for 
trouble shooting or repair of these circuits is the 
test equipment listed in Table 4-2. When repairing 
printed circuit boards, the precautions given in 
paragraph 5-6 are to be observed. 

(e) The test point for the gate circuit is indi­
cated on figure 5-37. 

m. TRANSFER GATES. (See figure 4-16.) 

(1) CIRCUIT DESCRIP TION. 

(a) The transfer circuit on printed circuit 
board A1 consists of transistors Q9 through Q12 
which are capable of operating as either a flip-flop 
or a uni vibrator. Transistor Q9 is normally con-

ducting and Q10 is normally cut off. The output of 
the transfer firing gate, and the output of the stop 
element of the start-stop distributor are applied as 
inputs to the transfer circuits. When the stop ele­
ment is conducting (0 voltage applied to R42 on 
printed circuit board A1), Qll is biased into cut off 
by the voltage developed at the junction of R41 and 
R42. In this condition, cross coupling from the col­
lector of Q9 to the base of Q10 is accomplished via 
C5 and R35 and the circuit functions as a univibrator. 

(b) If the stop element is not conducting (-6 
volts applied to R42 on printed circuit board A1), 
Qll is saturated. In this condition, an additional 
cross-coupling circuit is available from the collec­
tor of Q9 through R32 and Qll to the base of QlO. 
The circuit is stable in each of its two states and will 
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Figure 4-16. Simplified Schematic, Transfer Circuit 

function as a flip-flop. When a positive pulse is ap­
plied to the base of Q10, the transistor will reset 
after a timed interval if a stop pulse is applied to 
R42, or will remain in the set condition until the 
stop element of the start-stop distributor is fired, 
at which time the circuit will be reset. 

(c) The output of the transfer circuit is applied 
via the emitter follower Q12 to the storage transfer 
gates. The set condition of the transfer circuit in­
hibits the transfer gates and the reset state of the 
transfer circuit enables these gates. 

(2) TEST DATA. 

(a) The transfer circuit is shown in logic form 
on the Transmitter Code Converter logic diagram, 
figure 4-30. The logic symbol is FF2 and an 
amplifier. The intraconnection information and the 
complete schematic diagram are shown on figures 
5-65 and 5-66, respectively. 

(b) There are no adjustments for these cir-
cuits. 

(c) The components of these circuits are lo­
cated on printed circuit boards 3A3A1, 3A4A1, 
3A5A1, and 3A6A1. 

(d) The only test equipment required for 
trouble shooting or repair of these circuits is the 
test equipment listed in Table 4-2. When repairing 
printed circuit boards, the precautions given in 
paragraph 5-6 are to be observed. 

(e) The test point for this circuit is indicated 
on figure 5-34. 
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n. CLOCK INVERTER. (See figure 4-17. ) 

(1) CIRCUIT DESCRIPTION. 

(a) The second level storage is reset by a 
signal supplied from the clock inverter, Q1 on 
printed circuit board Al. Q1 is normally biased 
into cut off by a +2 volt potential on the base, devel­
oped by the divider consisting of R3 and R4. The 
clock input, from the Mux-pemux, is applied 
through C2 to the base of Ql. 

(b) The input is differentiated by C2 to de­
velop a negative going transition at the base of Q1. 
Q1 is driven into saturation, developing a positive 
spike at the collector. This positive spike is applied 
to all flip-flops in the second level storage to reset 
them. 

(2) TEST DATA. 

(a) The clock inverter is shown in logic form 
on the Transmitter Code Converter logic diagram, 
figure 4-30. The logic symbol is IV-4. The intra­
connection information and the complete schematic 
diagram are shown on figures 5-65 and 5-66, re­
spectively. 

(b) There are no adjustments for this circuit. 

(c) The components of this circuit are located 
on printed circuit boards 3A3A2, 3A4A2, 3A5A2, 
and 3A6A2. 

(d) The only test equipment required for 
trouble shooting or repair of this circuit is the test 
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equipment listed in Table 4-2. When repairing 
printed circuit boards, the precautions given in 
paragraph 5-6 are to be observed. 

(e) The test point for this circuit is indicated 
on figure 5-35. 

4-8. DEMULTIPLEXER-MULTIPLEXER, 
FUNCTIONAL DESCRIPTION. 

(See figure 4-32. ) 

a. The Transmitter Mux-Demux receives multi­
wire signals from the Transmitter Code Converters 
and combines them into multiplex signals for the 
Control Amplifier. The Receiver Mux-Demux re­
ceives multiplex signals from the Synch Unit and 
supplies multiwire signals to the Receiver Code 
Converters. Since the operation of the Mux-Demux 
is similar for both the Receiver and Transmitter 
Groups, only the transmitter uses will be discussed. 
For those areas where the receiver use is different 
from the transmitter use, the differences are 
explained. 

b. The general circuits of the demultiplexer­
multiplexer are divider no. 2, divider no. 3, divider 
no. 4, signal distributor (divider no. 6), divider no. 
7, signal matrix and the signal sampling pulse gate. 

c. The dividers and distributors are transistor 
ring circuits that function in a manner similar to 
the start-stop distributor of the Transmitter Code 
Converter. A drive circuit similar to the start-stop 
distributor drive is associated with each ring. 

d. Dividers 2, 3, and 4 are used almost ex­
clusively for frequency division. The output fre­
quencies of these rings are shown in Table 4-5. 
The signal and channel distributors are used to 
distribute the incoming or outgoing multiplex sig­
nal. Divider no. 7 is used as a frequency divider 
to provide an output for use with associated auxiliary 
equipment. Certain elements of rings 2 and 3 and 
the channel distributor are connected, through 
switches, to change the number of elem ents in the 
ring and thus provide the correct output frequency 
for a given speed and channel position. 

TABLE 4-5. DEMULTIPLEXER-MULTIPLEXER FREQUENCY DIVISION CHART. 

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

Divider 2 From Divider 1 
(Ratio 15,750 5/1 3150 60 
determined 15,750 4/1 3937.5 75 
by WPM 15,407.5 3/1 5135.833 100 
switch) 

Divider 7 From Divider 2 
3150 7/1 450 60 
3937.5 7/1 562 .5 75 
5135.833 7/1 733.690 100 

Divider 3 From Divider 2 
(Ratio 3150 3/1 1050 60 4 
determined 3150 4/1 787.5 60 3 
by WPM 3150 6/1 525 60 2 
switch 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 
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Table 
4-5 

TABLE 4-5. (CONT'D) 

Stage Input (cps) Ratio 

5135.833 6/1 

Divider 4 From Divider 3 
1050 7/1 
7875 7/1 

525 7/1 
1312.5 7/1 

984.375 7/1 
656.25 7/1 

1711.944 7/1 
1283.958 7/1 

855.972 7/1 
'-----

Mux Signaling Rate 

60 WPM 
75 WPM 

100 WPM 

375 Operations per Minute 
468. 75 Operations per Minute 
611.19/46 Operations per Minute 

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

f. The signal matrix consists of 24 similar 
groups of 4 diodes and a load resistor, each con­
nected in an AND-OR gate configuration. This con­
figuration is known as a star matrix. (Matrix on 
figure 4-32. ) 

g. As a multiplexer (transmitting function) the 
matrix is operated as follows. Each star is oper­
ated 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 connected in common with all corres­
ponding diodes so that a 24-element OR gate results, 
which will accept a signal from any one of the 24 
diode groups. 

h. Signals from respective channel code con­
verters in the form of de voltages (0 to -6 volts) are 
introduced into the matrix through diodes labeled 
A1, A2, ---A6; B1, B2, ---B6, and so on. These 
signals are read by the appropriate signal and chan­
nel distributors which sample each converter 
second-level storage flip-flop (24 in all for 4 chan­
nel operation) and generate the multiplex signal. 
The multiplex signal is applied to the Control Ampli­
fier. 

i. The multiplex signal generated in the matrix 
must be assembled with certain pulse s inverted 
(mark for space) in order to provide transitions 
during an idle signal period. These transitions are 

ORIGINAL 

Output (cps) Speed (WPM) Channels 

855.972 100 2 

150 60 4 I 
112.5 60 3 

75 60 2 
187.5 75 4 
140.625 75 3 

93.75 75 2 
244. 563 100 4 
183. 423 100 3 
122.282 100 2 -- -

necessary for synchronizing 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 pro­
per output is connected to the proper matrix diode. 
Thus, inverted outputs are connected to A2, A3, A4; 
and all outputs of C and D. 

j. As a demultiplexer (receiving function) the 
matrix functions in the following manner. Multi­
plexer signals are received from the Synch Unit. 
These signals are connected through the signal 
polarity switch and applied to the matrix on two 
wires. One wire carries the normal signal, and the 
other wire carries the inverted signal. Each wire 
is connected to the appropriate diode to compensate 
for the inversions in the transmitted multiplex sig­
nal. Signals which have been inverted at the trans­
mitter will appear on the inverted signal lead. 
Signals which were not inverted appear on the nor­
mal signal lead. The signal and channel distribu­
tors at the demultiplexer perform functions comple­
mentary to those of the multiplexer. The distribu­
tors, by sampling each of the 24 stars in turn, 
separate the information contained in the multiplex 
signal and route it to the proper code converter 
through diodes A1, A2, ---A6; B1, B2, etc. 

k. The sampling pulse gate is used at the 
receiver terminal only. Element no. 4 of divider 
no. 4 (a seven element divider) is gated with ele­
ment 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 Synch Unit as a sampl ­
ing pulse to sample the incoming signal. 

1. When the multiplex is used with auxiliary 
equipment, the no. 6 output from divider no. 4 is 
employed for signal sampling. This output is avail­
able at connector J9. 

m. An output from the A6 matrix star is also 
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provided at the receive terminal for use with aux­
iliary equipment. 

n. To detect phase relationships between the 
incoming signal and the local drive, additional phase 
lead and phase lag outputs are required. Two OR 
gates, OG-2, which gates elements 1, 2, 3, and 4 
of divider 4 to produce the phase lag output, and 
OG-3, which gates elements 5, 6, and 7 of divider 
4 to produce a phase lead output, are employed to 
generate phase shift correction pulses. Phase shift 
correction pulses are sent to the phase lag output 
and the phase lead output amplifiers, in Synch Unit, 
respectively, where these pulses gate two AND gates 
to correct for phase shifts. The phase shifts are 
corrected by the appropriate triggering of the ad­
vance univibrator or the retard univibrator, result­
ing from the enabling of the AND gate, causing a 
pulse of altered phase (correct occurence in time) 
to be inserted in the correct bit time of the message. 

o. A milliammeter (DISTRIBUTOR CYCLE 
meter Ml), receiving a rectified output (through 
diode A3CR12) from common-emitter amplifier 
A3Q2, is provided to monitor the channel distributor 
operation on a "go, no-go"basis. When the channel 
distributor is operating properly, meter Ml fluc­
tuates at a speed determined by the number of chan-

nels in operation.When four channels are operating, 
meter M1 fluctuates at a fast rate compared to the 
interval during which only two channels are in oper­
ation. During three channel operation, meter M1 
fluctuates at a speed faster than two channel opera­
tion, but slower than four channel operation. 

4-9. TRANSMITTER, RECEIVER MUX-DEMUX, 
TEST DATA 

a. Table 4-6 is a list of the steps to be perform­
ed to localize transmitter failures to the Transmitter 
Mux-Demux, or some receiver failures to the Re­
ceiver Mux-Demux. If a specific difficulty does not 
appear in this table, refer to the trouble shooting 
information given in the test data sections for the 
TransmitterCode Converter or Control Amplifier 
(for transmitter difficulties), or in the Synch Unit 
or Receiver Code Converter (for receiver difficul-
ties). NOTE 

The trouble shooting chart of Table 4-6 will 
localize the failures to a specific printed cir­
cuit board in the Mux-Demux. When the 
functional section has been located, immediate 
repair is effected by the replacement of that 
printed circuit board which contains the faulty 
section. 

TABLE 4-6 MUX -DEMUX , TROUBLE SHOOTING CHART 
--

TEST PRELIMINARY NORMAL 
STEP POINT ACTION INDICATION NEXT STEP 

1 The distant terminal All channels should The multiplex receiving distributor rate 
reports garbling on all receive clean copy. is not compatible with the transmitter. 
channels, or the local If the received signal is garbled, proceed 
receiving terminal to step 2. 
reports garbling on all 
channels. If the distant terminal receiver signal is 

garbled, proceed to step 5. 

2 Check the switch position Channels switch If the switch position does agree, proceed 
of the Receiver Mux- must agree with to step 3. 
Demux. the number of 

channels used. 

3 Operate the equipment Printers should If the local printer prints good copy, the 
in the LOCAL mode of print good copy. failure is in the distant terminal trans-

i operation. mitter. 

If the local printer does not print good 
copy, the failure is in either the Receiver 
Mux-Demux or the Synch Unit. Proceed 
to step 4. 

4 Observe the mux The line current If meter indications are not normal 
line current and meters should the Synch Unit is at fault. Refer to the 
receiver crystal meters vibrate at the trouble shooting chart, Table 4- 12 
on the Synch Unit drawer. channel rate. for the Synch Unit. If the meter indica-

The Receiver tion s are correct, the failure is in the 
crystal meter Mux-Demux drawer. Proceed to step 7. 
should kick at 
intervals indicar 
ting addition of 
correctin� __ .{Julses. 

-
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TABLE 4-6. (CONT'D) 

TEST 
STEP I POINT 

5 

6 

7 

0 

8 

® 

9 

® 

10 
0 

11 0 

12 0 

ORIGINAL 

PRELIMINARY 
ACTION 

Operate the equipment 
in the LOCAL mode of 
operation. 

Interchange the Trans­
mitter Mux-Demux with 
the Receiver Mux-Demux . 
Operate the equipment in 
the REMOTE mode of 
operation. 

Connect the vertical input 
of the oscilloscope to test 
point J1 on printed circuit 
board A4. Place the 
CHANNELS switch in the 
4 position. 

Connect the vertical 
input of the oscilloscope 
to the junction of R24 
and CRll on printed circuit 
board A4. 

Connect the vertical 
input of the oscilloscope 
to the junction of R42 
and C16 on printed 
circuit board A2. 

Connect the vertical 
input of the oscilloscope 
to test point J1, on 
printed circuit board A2. 

Connect the vertical 
input of the oscilloscope 
to test point J1, on 
printed circuit board Al. 

Connect the vertical in­
put of the oscilloscope to 
the junction of R2: and Cl 
on printed circuit board 
Al. 

NORMAL 
INDICATION 

Printers should 
print good copy. 

The waveform 
should be as 
shown on figures 
2-37 or 5-67. 

The waveform 
should be as 
shown in figures 
4-32 or 5-67. 

The waveform 
should be as 
shown on figures 
4-32 or 5-67. 

The waveform 
should be as 
shown on figures 
4-32 or 5-67. 

The waveform 
should be as shown 
on figures 
4-32. or 5-67. 

The waveform 
should be as 
shown on figures 
4-32 or 5-67. 

NEXT STEP 

If the local printers print good copy, 
the failure is in the distant terminal 
receiver. 

If the local printer does not print 
good copy, the failure is either in 

Table 
4-6 

the Transmitter Mux-Demux or the 
Control Amplifier. Proceed to step 6. 

If the distant terminal reports garbled 
copy, the failure is the Receiver Mux­
Demux. Proceed to step 7. 

If the waveform is normal , proceed 
to step 8. 

If the waveform is abnormal, the 
failure is in either the circuits of 
of Q1 and Q2 and printed circuit 
board A3, or the matrix. If the 
matrix has failed, proceed to step 13. 

If the waveform is normal, the failure 
is in divider No. 6, on printed circuit 
board A4. Refer to paragraph 4-10 e, 
for the circuit description. 

If the waveform is normal, the failure 
is in divider No. 5 on printed circuit 
board A2. Refer to paragraph 4-10 d. 
for the circuit description. 

If the waveform is abnormal, proceed 
to step 10. 

If the waveform is normal, the failure 
is in divider No. 4 on printed circuit 
board A2. Refer to paragraph 4-10 c. 
for the circuit description. 

If the waveform is abnormal, proceed 
to step 11. 

If the waveform is normal, the failure 
is in divider No. 3 on printed circuit 
board A2. Refer to paragraph 4-10 b. 
for the circuit description. 

If the waveform is abnormal, proceed 
to step 12. 

If the waveform is normal, the failure is 
in divider No. 2 on printed circuit board 
A7. Refer to paragraph 4-10 a. for the 
circuit description. 
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TABLE 4-6. (CONT'D) 

TEST PRELIMINARY NORMAL 
STEP POINT ACTION INDICATION NEXT STEP 

If the waveform is abnormal 
chec:K the power supply. 

13 0 Correct the vertical in- The waveform If the waveform is normal, the 
put of the oscilloscope should be as failure is in the Transmitter 
to test point J4 of printed shown on figures Code Converter associated with 
circuit board A5. 4-32 or 5-67. that channeL 

b. The only test equipment required for the per­
formance of trouble shooting procedures is the test 
equipment listed in Table 4-2. 

c. Table 4-7 is a list of the controls and indica­
tors of the Transmitter and Receiver Mux-Demux 
drawers. Column one indicates the control or indi­
cator and column two lists the position of the com­
ponent on the drawer. Column three lists the nor­
mal position of the control or the normal indication 
of the indicator. 

d. There are no adjustment or alignment pro­
cedures for either the Transmitter or Receiver 
Mux-Demux. 

e. The logic block diagram for the Mux-Demux 
drawer is shown on figure 4-32. The interconnect­
ing wiring diagram and the schematic diagram for 
this drawer are shown on figure 5-65 and 5-67. 
Test jacks for the individual circuits are shown on 
figures 5-59 through 5-63. 

TABLE 4-7. MUX-DEMUX UNIT, CONTROLS AND INDICATORS 

Control Location Normal Position Remarks 

CHANNELS Front Panel 2, 3, or 4 as required The position of the switch must agree 
switch with the number of channels of informa-

tion that are used. 

DISTRIBUTOR Front Panel 20 to 25 ma or 60 to 65 ma The meter should agree with the pre-
CYCLE meter set current leveL 

WPM switch Interior of 60, 75, or 100 as required The position of the switch must agree 
Drawer with the wpm rate of the transmission. 

AUX-NORMAL Interior of AUX, NORM as required The position of the switch is NORMAL 
switch S2 Drawer 

NORMAL- Interior of NORMAL 
INVERTED Drawer 

f. The Multip lex Unit is placed in the LOCAL 
TEST mode of operation by following the procedure 
given in paragraph 4.-6, f. 

g. The following caution must be observed when 
performing trouble shooting procedures: 
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CAUTION 

Deenergize the equipment prior to removing 
or installing drawers. After installing the 
drawers, allow a fifteen minute warm-up 

- ---------------

unless auxiliary equipment is used with 
the Multiplex Set. 

The switch is placed in the INVERTED 
position when that mode of signal output 

_is_ dP.!';j r<>rl 

period, to insure stable oscillator oper­
ation. 

4-10. DEMULTIPLEXER-MULTIPLEXER, CIR­
CUIT DESCRIPTIONS. 

a. DIVIDER NUMBER TWO (A1Q2 - A1Q11) AND 
DIVIDER AMPLIFIER (AlQl). 

(See figure 4-18) 

(1) CIRCUIT DESCRIPTION. 
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Figure 4-18. Simplified Schematic, Divider No. Two 
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(a) Transistors Q14 through Q27, on printed 
circuit board A1, comprise a frequency divider 
circuit. Q1 supplies the drive input to the divider. 
The Drive input is derived from the oscillator in 
the Oscillator-Power Supply drawer. 

(b) A positive-going, square-wave pulse, from 
the timing flip-flop in the Oscillator-Power Supply, 
is applied to the input of the divider amplifier once 
every 254 microseconds. These 254-microsecond­
duration square-wave pulses are differentiated by a 
high-pass RC network, consisting of input-coupling 
capacitor A1C1 and base-bias resistor A1R2, into 
10-microsecond-duration spikes. Each spike is 
applied to transistor A1Q1's base causing the nor­
mally-conducting transistor to be driven out of the 
conduction. The positive-going spike causes a neg­
ative-transition at transistor A1Ql 's collector, 
which appears across collector load resistor A1R1, 
and lasts for the duration of the spike (10 micro­
seconds). The negative-going amplified spike is 
then coupled through series resistor A1R3 to the 
emitter leads of divider transistors A1Q2 through 
AlQll. In divider number two (as in the other div­
ider circuits) one stage is always conducting. The 
rest of the stages are turned off so the negative­
going amplified spike has no effect on these stages. 
The conducting stage, (Q2 and Q3) which has a re­
duced positive bias at its emitter (with respect to 
the collector level), is turned off by the negative­
going amplified spike. As the stage is driven to 
cut-off the collector level of the PNP transistor 
element of the stage climbs towards the negative 
supply bias level. The transistion of the PNP 
transistor's collector is coupled through a divider 
interstage capacitor to the base of the following 
stage's PNP transistor, cutting it off. The divider 
stage following the newly cut-off stage is the only 
stage supplied an enabling pulse during the disabling 
pulse interval. The stage is the only stage properly 
biased and is the only stage that can conduct. The 
negative-going transition, also a 10 microsecond 
spike due to the time constant of the inter-stage 
coupling capacitor and associated resistances, 
causes the next stage to conduct. After the newly 
cut-off stage is cut-off and the negative-going spike 
resulting from the differentiation has disappeared, 
the NPN element of the now conducting stage is 
driven into saturation (and held there) by the posi­
tive transition of the now-conducting PNP trans­
istor's collector. The NPN transistor's collector 
then makes a negative transition which holds the 
PNP transistor element's base in the conducting 
region. After the formerly-conducting stage is 
stable (spike disappears) the NPN transistor ele­
ment holds the PNP transistor element in the con­
ducting region (via base bias), preceeded by the 
PNP transistor (first element to conduct) element 
causing the NPN transistor element to conduct. 
When the next amplified 10-microsecond spike is 
generated at amplifier A1Q1 's output, the conducting 
stage is cut-off and the following stage is triggered 
on, repeating the cycle. 

(c) Every five, amplified, 10-microsecond 
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spikes generated at amplifier A1Q1 's output cause 
divider number two to complete a counting cycle. A 
counting cycle is five consecutive sequential stage 
transitions to effectively divide the pulse-per­
second (pps) rate that appears at amplifier A1Q1 's 
input at a rate of 3937. 5 pps, by a factor of five. 
The output of the last stage of divider number two is 
787 pps. Depending on the word speed to be used 
(60 wpm, 75 wpm, or 100 wpm) the feedback to the 
first stage of divider number two is taken from the 
third, fourth, or fifth stage. This results in the 
divider output from the second divider stage being 
divided by a factor of three, four, or five, respec­
tively. When the Multiplex Set is used at 100 wpm 
speed, a clock oscillator (located in the Oscillator­
Power Supply) with a frequency of 15,407.5 cps is 
used in place of the normal 15,750.0 cps clock osc­
illator plug-in module. Switching to 100 wpm speed 
is performed by removing the 15, 750. 0 cps clock 
oscillator module from the active socket and repla­
cing it with the 15, 407. 5 cps clock oscillator module. 
The 15,740. 0 cps clock oscillator module is the'l 
placed in the storage (inactive} socket and is used 
when the Multiplex Set is again operated at 60 or 
75 wpm speed. The word-per-minute (WPM) 
switches in the Mux-Demux and Transmitter and 
Receiver Code Converters must be set to the 100 
wpm positions. 

(d) The output of each stage of divider number 
two is a seven volt de square-wave pulse varying 
between -6 to +1 volt levels. The output of divider 
stage A1Q2/ A1Q3 (collector lead of transistor A1Q3) 
is applied to divider (number three) amplifier A2Q1 
through input-coupling capacitor A2Cl. An output 
at the collector of divider element A1Q4 is sent to 
the auxiliary clock-450 cps driver amplifier A1Q26. 

(2) TEST DATA 

(a) The divider number three circuit is shown 
in logic form on the Mux-Demux Logic Diagram, 
figure 4-32. The logic symbols are CD-1 and 
Driver #2. The intraconnection information and the 
complete schematic diagram are shown on figure 
5-65 and 5-67, respectively. 

(b) There are no adjustment or alignment 
procedures for this circuit. 

(c) The components of this circuit are located 
on printed circuit boards 2A2A1 and 3A2A1,respect­
ively, of the Receiver or Transmitter Mux-Demux 
drawers. 

(d) The only test equipment required for 
trouble shooting of this circuit is the test equipment 
listed in Table 4-2. When repairing printed circuit 
boards, the precautions given in paragraph 5-6 are 
to be observed. 

(e) The test point for this circuit is shown on 
figure 5-59. 
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b. DIVIDER NUMBER THREE (A2Q2 - A2Q13) 
AND DIVIDER AMPLIFIER (A2Q1). 

(1) CffiCUIT DESCRIPTION 

(a) Transistors Q2 through Q13, on printed 
circuit board A3, comprise divider number three. 
Q1 is the driver amplifier for the ring. 

(b) The output of divider number two is 
coupled to divider amplifier A2Q1 through input­
coupling capacitor A2Cl. The square-wave output 
of divider number two is differentiated by input­
coupling capacitor A2Q1 and base-bias resistor 
A2R2, producing 10-microsecond spikes of alternate 
negative and positive polarity. Divider amplifier 
A2Q1 is normally conducting (during no-spike inter­
val) and transistor A2Q1 's collector terminal is at 
a low negative level (A2Q1 is PNP transistor). The 
negative spikes applied to the base of transistor 
A2Q1 have no effect on the amplifier, since the 
PNP transistor is negatively-biased to saturation. 
The positive spikes applied to the base of transistor 
A2Q1 cause it to be driven below cut-off. The 
collector of A2Q1 rises to a level approaching the 
negative bias source voltage and causes an inverted 
10-microsecond spike to appear across collector 
load resistor A2Rl. This amplified spike is coup­
led through resistor A2R3 to the triggering input 
of divider number three which is directly connected 
to transistors A2Q2 through A2Q13 at their emitter 
leads. The ring circuits in divider number three 
operate in the same manner as the ring circuits in 
divider number two. The output (7v, varying -6 
to +1 volt) of divider number three is taken from the 
collector of A2Q2 and coupled through capacitor 
A2C 17 to divider amplifier A2Q28 for divider number 
four. A second output of divider number three is 
taken from the collector of A2Q4 and coupled as an 
input gate to one of the multiplex sampling gate 
circuits. 

(c) CHANNELS switch S3 is part of divider 
number three and determines the number of divider 
stages used for two, three, and four channel opera­
tion. Position one of CHANNELS switch S3 sets up 
two-channel operation, using six divider stages (A2 
Q21 A2Q3 - A2Q12I A2Q13); position two of 
CHANNELS switch S3 sets up three-channel opera­
tion, using four divider stages (A2Q21 A2Q3 - A2Q8 
I A2Q9); position three of CHANNELS switch S3 sets 
up four-channel operation, using three divider 
stages (A2Q21 A2Q3 - A2Q6 I A2Q7). The pulse­
per-second rate at the output of divider number 
three, with respect to the pulse-per-second rate 
at the input, equals the reciprocal of the number of 
divider stages used (three stages of number three 
divider = two divider pps rate). 

(2) TEST DATA 

{a) The divider number three circuit is shown 
in logic form on the Mux-Demux Logic Diagram, 
figure 4-32. The logic symbols are CD-2 and divi­
der #3. The intraconnection information and the 
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complete schematic diagram are shown on figures 
5-65 and 5-67, respectively. 

(b) There are no adjustment or alignment 
procedures for this circuit. 

(c) The components of this circuit are located 
on printed circuit boards 2A2A2 and 3A2A2, re­
spectively of the Receiver or Transmitter Mux-De­
mux. 

(d) The only test equipment required for 
trouble shooting of this circuit is the test equipment 
listed in Table 4-2. When repairing printed circuit 
boards, the precautions given in paragraph 5-6 are 
to be observed. 

(e) There are no major test points for this 
circuit. 

c. DIVIDER NU MBER FOUR {A2Q14 - A2Q27) 
AND DIVIDER AMPLIFIER {A2Q28) . 

(1) CffiCUIT DESCRIPTION 

(a) Transistors Q14 through Q27, on printed 
circuit board A2, comprise divider number four. 
The input driver for this ring is transistor Q28. The 
schematic for this circuit is identical to the sche­
matic on figure 4-18. 

(b) The operation of divider amplifier A2Q28 
is identical to that of divider amplifier A2Q1 dis­
cussed in paragraph 4-10b {1) (b). The output of 
A2Q28 is coupled through resistor A2R46 to the 
triggering input of divider number three. Divider 
number four operates in the same manner as divider 
number three, discussed previously, except that 
divider number three has one less ring circuit stage 
(divider number four has seven ring circuit stages). 
The main output of divider number four is taken 
from divider stage A2Q14I A2Q15 (collector of trans­
istor A2Q14) and is sent through divider amplifier 
A4Q23 to divider number five. The divider amplifier 
circuit is composed of OR gate A3CR4 and A3CR5 
(with associated components A3R1, A3R2, A4C12, 
and A4C13), and divider amplifier A4Q23. The se­
condary outputs are taken from divider number four 
stages A4Qlll A4Q12, A4Q13I A4Q14, A4Q15I A4Q 
16, and A4Q17I A4Q18, and ORed by diodes A3CR6 -
A3CR9 (with associated resistor A3R3) and then gen­
erated as a phase lag output to terminal J9-J. An­
other secondary output is taken from divider number 
four stages A2Q18I A2Q19, A2Q16I A2Q17, and 
A2Q14I A2Q15, and ORed by diodes A3CR1 - A3CR3 
�ith associated resistor A3R4) and then generated 
as a phase lead output to terminal J9-K. 

(2) TEST DATA 

(a) The divider number four circuit is shown 
in logic form on the Mux-Demux Logic Diagram, 
figure 4-32. The logic symbols are CD-4 and div­
ider #4. The intraconnection information and the 
complete schematic diagram are shown on figures 
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5-65 and 5-67, respectively. 

(b) There are no adjustment or alignment 
procedures for this circuit. 

(c) The components of this circuit are loca­
ted on printed circuit boards 2A2A2 and 3A2A2, 
respectively, of the Receiver or Transmitter Mux­
Demux. 

(d) The only test equipment required for 
trouble shooting of this circuit is the test equipment 
listed in Table 4-2. When repairing printed circuit 
boards, the precautions given in paragraph 5-6 are 
to be observed. 

(e) There are no major test points for this 
circuit. 

d. DIVIDER NUMBER F IVE (A4Qll - A4Q22) 
AND DIVIDER AMPLIFIER (A4Q23). 

(See figure 4-19) 

(1) CIRCUIT DESCRIPTION. 

(a) Transistors Qll through Q22, on printed 
circuit board A4, comprise divider number five. 
The drive amplifier for this divider is shown in 
figure 4-29. 

(b) The operation of divider number five is 
identical to that of divider number three, discussed 
previously. Divider amplifier A4Q23 is different 
to a marked degree from the other divider ampli­
fiers in both function and implementation. Divider 
amplifier A3Q23 is comprised of a differentiating, 
buffer-type OR circuit consisting of diodes A3CR4/ 
A3CR5, capacitors- A3C12/ A3C13, and resistors 
A3R1, A3R2, and A3R44), and an inverting switch­
ing circuit (consisting of PNP transistor A3Q23 
in a common-emitter amplifier configuration). 

(c) A square-wave signal appearing at input 
1 of the differentiating OR gate is coupled through 
diode A3CR4 and appears across diode load res is­
tor A3Rl. A differentiating network, consisting 
of coupling capacitor A3C12 and OR gate load re­
sistor A3R44, permits the leading and trailing 
edges of the square-wave signal to pass. The 
differentiation results in the appearance of alter­
nating positive-going and negative-going 10-micro­
second spikes, of approximately six volts peak, 
across the OR gate load resistor A3R44 (which also 
establishes base bias for transistor A3Q23). The 
six-volt spikes are prevented from being generated 
in the reverse direction,through input 2, by the high 
back impedance of diode A3CR5 which is in series 
with the input. Any square-wave signal appearing 
at this input is coupled through diode A3CR5 with 
negligable attenuation, regardless of the signal ap­
plied to input 1. The square wave at input 2 will be 
altered in the same way as the signal at input 1, re­
sulting in alternate positive-going and negative­
going 10-microsecond spikes. The differentiated 
square-wave from input 2 appears across OR gate 
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load resistor A3R44, along with the differentiated 
square-wave signal from input 1. The differentiated 
square-wave output from input 2 is prevented from 
being generated in the reverse direction, through 
input 1, by the high back impedance of diode A3CR4. 
Thus, the OR gate passes a square-wave signal at 
either input while isolating each input from the other. 
The output of the OR gate, appearing across resis­
tor A4R44, is a composite waveform of one or two 
differentiated square-wave signals. 

(d) The negative-going 10-microsecond spikes 
appearing across resistor A4R44 have no effect on 
the inverting switching circuit, since transistor A 
4Q23 is a PNP unit operating "full-on" it cannot be 
driven to greater conduction. The positive-going 
10-microsecond spikes appearing across A4R44 
cause A4Q23's base to be driven below cut-off, cut­
ting off A4Q23. The collector voltage of A4Q23 then 
rises toward the negative bias source level (-6v de) 
and remains there for the duration of the spike. 
When the spike at A4Q23's base disappears, the 
bias level established by A4R44 is restored and 
A4Q23 resumes its normally on condition. There­
fore, every positive-going 10-microsecond spike 
appearing across A4R44 will cause a negative-going, 
amplified spike of slightly longer duration (12 l.\ s) at 
the collector of A4Q23. This amplifier output, ap­
pearing across collector load resistor A4R40, is 
coupled to the trigger input of divider number five 
through series coupling resistor A4R41. 

(e) Normally, the primary output of the div­
ider number four is coupled through input 2 of div­
ider amplifier A4Q23, causing a negative-going 12-
volt spike to appear at the collector of transistor 
A4Q23. A sporadic 1800 phase reversal in the 
multiplex signal will cause one or more pulses 
(occupying 1 bit each) of the square-wave signal 
to be applied to input 2 of divider amplifier A4Q23, 
to be displaced one bit time. The displaced square­
wave pulse can be corrected by inserting a pulse 
in the multiplex signal through use of the framing 
circuits. The framing circuits are located in the 
Synch Unit and Mux-Demux. The framing circuits 
can be operated either manually or automatically 
through the FRAME and MAN-AUTO switches lo­
cated on the Synch Unit (front panel). The square­
wave pulse to be inserted in the multiplex signal, 
either manually (depressing FRAME switch) or 
automatically (feeding marker pulses from idling 
channel A in telegraph code converter), is fed to 
input 1 of divider amplifier A4Q23. The OR gate 
in divider amplifier A4Q23 produces alternate­
polarity six-volt (peak) spikes of approximately 
10-microseconds duration. The positive-going 
(only) 10-microsecond spikes are applied to the in­
verting switch amplifier input, causing the collector 
of transistor A4Q23 to climb towards the negative 
bias voltage level. Since transistor A4Q23 is nor­
mally saturated, the negative-going spike inputs 
have no effect on inverting switch amplifier A4Q23. 
This results in a twelve-volt (peak), negative-going 
spike of approximately 12-mi.croseconds duration 
being generated at the inverting switch amplifier's 
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Figure 4-19. Simplified Schematic, Divider Amplifier 

output (collector of transistor A4Q23). The pulses 
from input 1 are combined with the pulses from in­
put 2, and both inputs (now differentiated) appear at 
the output of OR gate A3CR4/ A3CR5 across base 
bias resistor A4R44. Each input is therefore sup­
erimposed upon the other across resistor A4R44, 
and the composite wave-form is applied to invert­
ing switch amplifier A4Q23. If the square-wave 
signal at input 2 occurs at the same time as the 
square-wave signal of the framing circuit output, no 
pulse is added to the multiplex signal until the 
FRAMING switch is again depressed (MANual oper­
ation), or another marker pulse occurs on channel 
A (AUTOmatic operation). The usual case is that 
the square-wave signals applied to inputs 1 and 2 of 
OR gate A3CR4/ A3CR5 occur at different times. 
The signal at input 2 occurs constantly whereas the 
signal at input 1 occurs sporadically. The pulses 
added through divider amplifier A4Q23 to the reg­
ular divider number four output will shift the serial 
occurance of bit pulses until the multiplex signal is 
in synchronization with the remote transmitting 
source on a bit-by-bit basis. This automatically 
brings the frame intervals in synchronization. The 
output divider number four is still fed through input 
2 of divider amplifier A4Q23 to divider number five, 
but no pulses are added through input 1 of divider 
amplifier A4Q23. In AUTOmatic correcting opera­
tion, the pulses being added to divider amplifier 
A4Q23's input 1 terminate automatically upon ach­
ieving synchronization. In MANual correcting oper-
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ation, a pulse is added every time the operator 
depresses the FRAMING switch. The operator 
must continue to depress this switch until the MIS­
FRAME panel lamps are extinguished, indicating 
that synchronization has been achieved. In either 
manual or automatic mode of correction, the LOCK­
UP RELEASE switch must be depressed before nor­
mal operation is resumed after a correction opera­
tion. 

(f) Divider number five advances one stage 
at a time for every negative-going spike appearing 
at the output of divider amplifier A4Q23, including 
any spikes generated remotely by the framing cir­
cuits for synchronization correction. The main out­
put from divider number five is taken from stage 
A4Qll/ A4Q12 (collector of transistor A4Qll), and 
is fed to divider number six amplifier A4Ql 's input, 
and to diodes A5CR4 (Normal A1 gate), A5CR& (Nor­
mal B1 gate), A6CR4 (Inverted C1 gate), and A6CR8 
(Inverted Dl gate) in the diode coding matrix. Five 
other outputs are generated by divider number five, 
these being: collectors of divider stage transistors 
A4Q13, A4Q15, A4Q17, A4Q19, and A4Q21. The 
output of transistor A4Q13 is coupled to diodes 
A5CR44 (Normal A6 gate), A5CR48 (Normal B6 
gate), A6CR44 (Inverted C6 gate), and A6CR8 (In­
verted D6 gate). The output of transistor A4Q15 is 
coupled to diodes A5CR36 (Normal A5 gate), A5CR 
40 (Normal B5 gate), A6CR36 (Inverted C5 gate), 
and A6CR40 (Inverted D5 gate). The output of tran-
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sistor A4Q17 is coupled to diodes A5CR28 (Inverted 
A4 gate), A5CR32 (Normal B4 gate), A6CR28 (In­
verted C4 gate), and A6CR32 (Inverted D4 gate). 
The output of transistor A4Q19 is coupled to diodes 
A5CR20 (Inverted A3 gate), A5CR24 (Normal B3 
gate), A6CR20 (Inverted C3 gate), and A6CR24 (In­
verted D3 gate). The last divider number five out­
put is at transistor A4Q21, which is coupled to di­
odes A6CR12 (Inverted C2 gate), A6CR16 (Inverted 
D2 gate), A5CR12 (Inverted A2 gate), and A5CR16 
(Normal B2 gate). Divider number five divides the 
pulse-per-second input frequency, occurring at the 
output of divider amplifier A4Q23, by a factor of 
six during all operation, regardless of word speed 
or the number of active channels. 

(2) TEST DATA 

(a) The divider number five circuit is shown 
in logic form on the Mux-Demux Logic Diagram, 
figure 4-32. The logic symbols are CD-6 and 
divider #5. The intraconnection information and 
the complete schematic diagram are shown on fig­
ures 5-65 and 5-67, respectively. 

(b) There are no adjustment or alignment 
procedures for this circuit. 

(c) The components of this circuit are located 
on printed circuit boards 2A2A4 and 3A2A4,respect­
ively, of the Receiver or Transmitter Mux-Demux. 

(d) The only test equipment required for 
trouble shooting of this circuit is the test equipment 
listed in Table 4-2. When repairing printed circuit 
boards, the precautions given in paragraph 5-6 are 
to be observed. 

(e) There are no major test points for this 
circuit. 

e. DIVIDER NUMBER SIX (A4Q2-A4Q9) AND 
DIVIDER AMPLIFIER (A4Q1). 

(1) CIRCUIT DESCRIPTION 

(a) Transistors Q2 through Q9, on printed 
circuit board A4, comprise the divider number six 
circuit. Transistor Q4 is the drive amplifier for 
this ring. 

(b) Divider number six and divider amplifier 
A4Q1 operates in a manner identical to divider num­
ber two and its amplifier (A1Q1). The only differ­
ence exists in the capacity of divider number two 
compared to divider number six, since divider num­
ber six has one less stage than divider number two 
(five stages). Divider number six determines the 
clock intervals for all four channels ( A, B, C, and 
D) during all operations, regardless of word speed 
or channels being employed (2, 3, or 4). Divider 
number six also generates the channel gates for the 
diode coding matrix. The pulse-per-second rate of 
the divider number five output (divider stage A4Qll/ 
A4Q12) is coupled to the divider number six input 
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through divider amplifier A4Q1, and is divided by 
a factor of four. The pulse width at the output of 
divider number five (at 60 wpm; 4-channel operation) 
is 160 milliseconds (6. 25 pps per pulse, which is 3 
milliseconds short of standard teletype frame inter­
val at sixty wpm (single channel). The pulse width 
at the output of divider number six is 40 millisec­
onds at a rate of 6. 25 pps, with each of the four 
divider number six outputs consecutively displaced 
within the 160 microsecond interval. These pulses 
are generated as the A, B, C, and D clock pulses 
(in that order) to the diode coding matrix and to the 
required synchronization inputs in other drawer 
units. 

(2) TEST DATA 

(a) The divider number six circuit is shown 
in logic form on the Mux-Demux Logic Diagram 
figure 4-32. The logic symbols are CD-7 and 
divider #6. The intraconnection information and 
the complete schematic diagram are shown on fig­
ure 5-65 and 5-67, respectively. 

(b) There are no adjustment or alignment 
procedures for this circuit. 

(c) The components of this circuit are located 
on printed circuit boards 2 A2A4 and 3A2A4, re­
spectively, of the Receiver or Transmitter Mux­
Demux. 

(d) The only test equipment required for 
trouble shooting of this circuit is the test equipment 
listed in Table 4-2. When repairing printed circuit 
boards, the precautions given in paragraph 5-6 are 
to be observed. 

(e) The test points for this circuit are shown 
on figures 5-62. 

f. DIODE CODING MATRIX (A5CR1 - A5CR48, 
A6CR1 - A6CR48). 

(1) GENERAL.- The diode coding matrix cir­
cuit 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. 

(2) MULTIPLEXER OPERATION. 

(a) A clock pulse (divider no. 6), and signal­
distributor pulse (divider no. 5), and signal-infor­
mation pulse is applied 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 signal-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. 
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Figure 4-20. Simplified Schematic, Diode Coding, Multiplexer 

(b) Since the operation of each gate is ident­
ical only the operation of the no. 1 gate for the A 
section is described. The gate is composed of 
diodes A5CR1 through A5CR4 and resistor A5Rl. 
The A clock pulse is generated by means of stage 
A5Q2/ A4Q3 (divider no. 6) and is applied to the 
diode A5CR2. When stage A4Q2/ A4Q3 is off, -6 
vol ts is applied to the diode which conducts and 
produces -6 volts across A5Rl. When stage A4Q2/ 
A4Q3 is on, +1 volt is applied to the diode, which 
now cannot conduct and does not produce a voltage 
across A5Rl. 

(c) The signal-distributor pulse is generated 
by means of stage A4Qll/ A4Q12 (divider no. 5 )and 
is applied to diode A5CR4. When stage A4Qll/ A4 
Q12 is off, -6 volts is applied to the diode which 
conducts and produces -6 volts across A5Rl. When 
stage A4Q11/ A4Q12 is on, +1 volt is applied to the 
diode which cannot conduct and does not produce a 
voltage across A5R1. 

(d) The signal-information pulse is generated 
in the Transmitter Code Converter and is applied to 
diode A5CR3. The pulse varies in potential from 
-6 to +1 volt. When the potential is -6 volts (space) 
the diode conducts and produces -6 volts across 
A5Rl. When the voltage is +1 volt (mark) the diode 
cannot conduct and does not produce a voltage across 
A5Rl. 

(e) When -6 volts exists across A5R1, diode 
A5CR1 cannot conduct. This potential can be caus­
ed by any of diodes CR2, CR3, or CR4 conducting. 
With zero voltage across A5R1, due to the above 
diodes not conducting, A5CR1 conducts and pro­
duces -1 volt across A5Rl. The input to the output 
amplifier is either -1 or -6 volts. 

(f) The function of this gate can be summar­
ized as follows: With any transistor in the channel 
or signal distributors on the corresponding diodes 
cannot conduct. This leaves a specific gate open to 
respond to the signal information pulse. A space 
produces -6 volts at the junction, a mark produces 
-1 volt at the junction. The timing is such that, 
when clock pulse "A" of the channel distributor is 
on, elements 1 through 6 of the distributor go on in 
sequence, thus opening each gate in channel A. The 
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same action occurs for channel B, C, and D. 

(g) The output signal of A5CR1 is converted 
with other diode gate outputs (5 and 6 or channel A) 
to the positive signal output terminal (normal sig­
nal). 

(3) DEMULTIPLEXER O PERATION. 

(a) Demultiplexer operation is the reverse of 
multiplexer operation. Timing of channel and sig­
nal distributors is identical to that for multiplexer 
operation as described above. However, the diodes 
and leads that carried the signal output for multi­
plexer operation now become the signal inputs for 
demultiplexer operation. The diodes connected to 
A1, A2, ---, B1, B2, etc. now carry the output of 
the demultiplexer and deliver the signals to the 
Receiver Code Converter. Signal input pulses 
from the Synch Unit (0 voltage for mark, -6 volts 
for space), are applied to diode A5CR1. 

(b) With 0 voltage across A5R1, due to 
A6CR2, A5CR3, and A5CR4 not conducting, A5CR1 
conducts to the input flip-flop of the Receiving Code 
Converter and produces -1 volt across A5Rl. 

(4) TEST DATA 

(a) The diode coding matrix circuits are 
shown on the Mux-Demux Logic Diagram, figure 
4-32. 

(b) There are no adjustments or alignment 
procedures for this circuit. 

(c) The components of this circuit are located 
on printed circuit boards 2A2A5, 2A2A6, 3A2A5, 
and 3A2A6, respectively, of the Receiver or Trans­
istor Mux-Demux. 

(d) The only test equipment required for 
trouble shooting of this circuit is the test equipment 
listed in Table 4-2. When repairing printed circuit 
boards, the precautions given in paragraph 5-6 are 
to be observed. 

(e) The test points for this circuit are shown 
in figures 5-62 and 5-63. 
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Figure 4-21. Simplified Schematic, Diode Coding, Demultiplexer 

4-11. CONTROL AMPLIFIER, FUNCTIONAL 
DESCRIPTION. 

a. GENERAL 

(1) The Control Amplifier accepts the multi­
plexed outputs from the Transmitter Mux-Demux 
and amplifies, inverts, and regenerates them as a 
voltage keyed or current keyed multiplexed tele­
type (telegraph) signal at the Transmitter Group 
output. The Control Amplifier also provides aux­
iliary circuits to receive the divider number five 
outputs from the Transmitter Mux-Demux, amplify 
them, and apply them to six separate neon indi­
cators for the visual indication of bit time occur­
rence and sequence. 

(2) The Control Amplifier also receives the 
following outputs from the Transmitter Mux-Demux: 
the output of divider number seven, the multiplex 
channel B clock from divider number six, and the 
diode coding matrix output from the NORMAL-IN­
VERTED switch. 

(3) The input from divider number seven is 
amplified and fed to the Transmitter Group output 
for use by auxiliary equipment. The B clock pulses 
from divider number six are amplified and also fed 
as an output from the Transmitter Group for use by 
auxiliary equipment. The number four divider, 
which supplies the pulse source for the multiplexed 
signal circuits in the Control Amplifier, also pro­
vides a drive signal for an amplifier and inverter 
to generate the signal distributor drive clock for 
auxiliary equipment. 

(4) The inverted multiplex signal from the diode 
coding matrix of the Transmitter Mux-Demux is re­
inverted and fed through the SIGNAL SELECT 
switch, to another inverter and amplifier. The out­
put of this stage is then applied to the voltage keyed 
and current keyed teletype line transmitting circuits 
through separate states of inversion. As a result 
of this last stage of inversion, the multiplex signal 
is normal and can be employed to gate the respective 
keyer oscillator. 
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(5) The uninverted multiplex signal from the 
diode coding matrix is also applied as input to the 
Control Amplifier. The signal is amplified, in­
verted, and regenerated as a high-level, inverted 
multiplex signal for the use of auxiliary equipment. 
The Transmitter Group outputs provided by the Con­
trol Amplifier serve to make the Multiplex Set com­
pletely compatable with the auxiliary equipment 
with which it will be operated. The availability of 
both current keyed and voltage keyed multiplexed 
teletype outputs enhances the utility and flexibility 
of the set, since it can operate with either current 
mode or voltage mode systems. 

b. FUNCTIONAL DESCRIPTION . (See figure 
4-33) 

(1) CURRENT KEYED AND VOLTAGE KEYED 
OUTPUTS. 

(a) The main outputs of the Control Amplifier 
are the current keyed output signal and the voltage 
keyed output signal. In normal Transmitter Group 
operation, the SIGNAL SELECT switch on the Con­
trol Amplifier is in the MUX position. The inverted 
multiplex signal from the NORMAL-INVERTED 
switch of the Transmitter Mux-Demux is applied to 
an inverter stage (IV -1 on figure 4-33), where it is 
amplified and inverted. The output of this inverter 
stage is coupled to the MUX terminal of the SIGNAL 
SELECT switch. This signal is then fed to another 
inverter stage (IV -3), reinverted and amplified, and 
coupled to two inverter stages (IV-4 and IV-5). The 
multiplex signal at the output of inverter stage IV -3, 
is of the same phase as the input signal to inverter 
IV -1. As a result, the multiplex signals at the out­
puts of inverters IV -4 and IV -5 are a normal multi­
plex signal with substantial gain. 

(b) The output of inverter stage IV -4 is fed to 
a resistive network (A1R43 and Rl) to allow for the 
adjustment of the output signal. The slightly at­
tenuated output from this network is coupled to a LC 
filter circuit to remove local and remote interfer­
ence which might otherwise affect transmission. The 
filtered multiplex signal is then generated as an out­
put of the Transmitter Group. 
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(c) The output of inverter stage IV -5 is cou­
pled to the gate input of the keyer oscillator (K0-1) 
causing oscillation for the duration of the input 
pulse. The oscillations are coupled through the 
oscillators output transformer to a center-tapped, 
full-wave rectifier. This rectified output is filtered 
by an RC filter circuit. The filter circuit forms 
the two output pulses of the rectifier output into a 
single pulse for every sine wave appearing across 
the secondary of the keyer oscillator transformer. 
The output of the filter circuit is then applied to the 
input of the keyer line switch (KLS-1) to drop the 
collector-to-emitter resistance. The transistor's 
collector-to-emitter resistance is in series with 
the teletype line bias voltage. As the resistance 
drops the current increases in the teletype loop. 

(d) As soon as the pulse from the RC filter 
is removed; the collector-to-emitter resistance in­
creases sharply, dropping the teletype loop cur­
rent to a quiescent level (space). Gating of the 
keyer oscillator creates a mark condition, and the 
lack of gating creates a space condition, in the 
teletype loop. 

(2) BIT TIME PULSE AMPLIFIER CIRCUITS. 

(a) Six voltage amplifiers make up the bit 
time amplifier circuits. Each amplifier receives 
an input signal from divider number five in the 
Transmitter Mux-Demux, in the sequence indicated 
by the stage numbers. The amplifiers amplify the 
input voltage to the level required to fire the neon 
lamps connected in parallel with the collector load. 
Since the bit times are sequential, the sequential 
order of firing enables the operator to have a visual 
indication that the pulses do occur, and occur in the 
proper order. 

(b) Because of the high firing voltage requir­
ed by the neon indicators, the bit time pulse ampli­
fiers have their own d-e power supply. This half­
wave power supply, with RC filter, consists of 
transformer A9T1 and silicon diode A9A1CR1. 

(3) HIGH-LEVEL MULTIPLEX SIGNAL CIR­
CUIT. 

(a) The normal Transmitter Mux-Demux ma­
trix output line from the NORMAL-INVERTED 
switch is applied to the input of a current driver 
(CD-2 on figure 4-33). The signal current compon­
ent is amplified and applied to an inverter stage 
(IV -6) without any phase inversion. Inverter IV -6 
inverts and amplifies the normal signal, resulting 
in the signal becoming identical to the inverted ma­
trix output, with respect to phase. 

(b) The inverter output is coupled to the input 
of the common base amplifier, CA-l. The ampli­
fier raises the zero reference level of the now in­
verted multiplex signal to +50 volts, and provides a 
moderately high impedance output. This output is 
then generated to the auxiliary equipment as re­
quired. 
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(4) AUXILIARY CLOCK PULSE GENERATING 
CIRCUIT. 

(a) The output from divider number seven of 
the Transmitter Mux-Demux is fed to the input of 
a current driver (CD-3). The output is slightly at­
tenuated and applied to the first of two, cascaded 
inverter stages (IV -7 and IV -8). 

(b) Since the inverters are cascaded, the 
signal realizes high gain with no inversion. The 
output of the second inverter stage (IV -8) is coupled 
through the d-e isolating capacitor C 1 to the output 
to the auxiliary equipment. 

(5) B CHANNEL CLOCK PULSE GENERATING 
CIRCUIT. -The output from divider num­

ber six of the Transmitter Mux-Demux is fed to the 
input of a current driver (CD-4). The output is 
slightly attenuated and applied to the first of two in­
verter stages (IV-9 and IV-10). Since the inverter 
stages are cascaded, the signal realizes high gain 
with no inversion. The output of the second inverter 
stage (IV -10) is coupled through the d-e isolating 
capacitor (C2) to the auxiliary equipment output. 

(6) SIGNAL DISTRIBUTOR DRIVE CIRCUIT. 
The output from divider number four of the Trans­
mitter Mux-Demux is coupled to the input of a 
current driver (CD-1). The signal's current com­
ponent is amplified and coupled to an inverter stage 
(IV -2). The inverted output signal from IV -2 is fed 
to the Transmitter Group output for utilization by 
auxiliary equipment. 

4-12. CONTROL AMPLIFIER, TEST DATA 

a. Table 4-8 is a list of the steps to be per­
formed to localize transmitter failures to the Con­
trol Amplifier. If a specific transmitter difficulty 
does not appear in Table 4-8 refer to the trouble 
shooting information given in the test data sections 
of the Transmitter Code Converter or Transmitter 
Mux-Demux. Table 4-9 lists some of the test 
points for auxiliary outputs supplied by the Control 
Amplifier. 

NOTE 

The trouble shooting chart of Table 4-8 
and 4-9 will localize the failure to a 
specific board in the Control Amplifier. 
When the functional section has been 
located, immediate repair is effected 
by the replacement of that printed 
circuit board which contains the faulty 
section. 
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TABLE 4-8. CONTROL AMPLIFIER, TROUBLESHOOTING CHART 

PRELIMINARY NORMAL 

ACTION INDICATION NEXT STEP 

Distant terminal re- Distant terminal Switch to the LOCAL mode 
ports loss of all multi- should receive of operation. Proceed to 
plex signal. good copy. step 2. 

Check the local monitor The local printer If the indicator is normal, 
printer, with an all mark should print good the failure is in the re-
input to the multiplex. copy. mote terminal. 

If the indicator is abnor-
mal, proceed to step 3. 

Check the line current This meter If the indication is ab-
meter on the Transmitter should vibrate normal, proceed to step 
Mux-Demux. at the channel 4. 

rate. 
If the indication is ab-
normal, check the Trans-
mitter Code Converters 
as specified in Table 4-1, 
or the Transmitter Mux-
Demux as specified in 
Table 4-6. 

Connect the vertical input The waveform If the waveform is normal, 
i 
I 

of an oscilloscope to pin should be as check fuse 3A1Fl or meter I 
4 of subassembly 3A1A7. shown on figure 3A1Ml. 

4-33 or 5-68. 
If the waveform is ab-
normal, proceed to step 
5. 

Set the TEST/OPERATE The line cir- If the indication is normal, 
switch to the AC position. cuit meter, M1, the failure is in the cir-

should read cuits of Q4 on printed 
30 rna. circuit board Al. 

If the indication is abnor-
mal, proceed to step 6. 

Connect the vertical input The waveform If the waveform is normal, 
of the oscilloscope to the should be as proceed to step 10. 
junction of C8 and R4 on shown on figure 
printed circuit board Al. 4-33 or 5-68. If the waveform is abnor-

mal, proceed to step 7. 

Connect the vertical input The waveform If the waveform is normal, 
of the oscilloscope to test should be as the failure is in the circuits 
point J2 on printed circuit shown on figure of Q5, Q6, Q7, or Q8 on 
board Al. 4-33 or 5-68. printed circuit board Al. 

If the waveform is abnor-
mal, proceed to step 8. 

Connect an oscilloscope The waveform If the waveform is normal, 
to the junction of R2 and should be as the high level mux signal is 
the collector of Q4 on shown in figure available as an auxiliary out-
printed circuit board Al. 4-33 or 5-68. put. Proceed to step 10. 

If the waveform is abnormal, 
proceed to step 9. ---------- -- ----- --------
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TABLE 4-8 (CONT'D) 

TEST PRELil\lliNARY NORMAL 
STEP POINT ACTION INDICATION NEXT STEP 

9 
0 

Connect an oscilloscope The waveform If the waveform is normal 
to test point Jl on printed should be as the failure is in transistors 
circuit board Al. shown on figure Q1, Q2, or Q3 on printed 

4-33 or 5-68. circuit board A1. 

10 

® 
Connect the vertical input The waveform If the waveform is abnor-
of the oscilloscope to pin should be as mal, proceed to step 11. 
1 of subassembly A12. shown on figure 

4-33 or 5-68. If the waveform is abnor-
mal, check the circuits 
of Q15 and Q16 on printed 
circuit board A1. 

11 

® 
Connect the vertical input The waveform If the waveform is normal, 
of the oscilloscope to pin should be as the failure is in subassem-

5 of subassembly A7. shown on figure bly A7. Refer to para-
4-33 or 5-68. graph 4-12 for the circuit 

description. 

If the waveform is abnor-
mal, the failure is in sub-
assembly A12. Replace 
the subassembly. ---- ------

TABLE 4-9. CONTROL AMPLIFIER, AUXILIARY CIRCUITS, TROUBLESHOOTING. 

TEST PRELIMINARY 
STEP POINT ACTION 

1 0 Connect an oscilloscope 
to the junction of R35 
and the collector of Q13 
on printed circuit board 
Al. 

2 0 Connect an oscilloscope 
to the junction of R28 
and the collector of Q10 
on printed circuit board 
Al. 

3 DS1-DS7 Observe the indication of 
lamps DSl through DS7. 

b. The only test equipment required for the lo­
calization of failures through the use of Tables 4-8 
and 4-9 and is the test equipment listed in Table 
4-2. 

c. Table 4-10 is a list of the controls and indi­
cators of the Control A mplifier. Column one indi­
cates the name of the control or indicator and col­
umn two lists the position of the component on the 

NORMAL 
INDICATION NEXT STEP 

Auxiliary B If the waveform is ab-
channel clock normal, check transis-
output. tors Q12, Q13 and Q14 

and associated circuits. 

Auxiliary clock If the waveform is abnor-
output. mal, check transistors 

Q9, Qll and Q10 and 
associated circuits. 

Output lights If the waveform is ab-
should flash at normal, and the Trans-
a constant rate. mitter Code Converter 

is operating properly, 
check the associated am-
plifier for the light which 
has failed. 

drawer. Column three lists the normal position of 
the control or the normal indication of the indicator. 

d. Table 4-11 is a list of the adjustment and 
alignment procedures which affect the operation of 
the Control Amplifier. The actual procedures are 
given in Section 5, in paragraphs noted in col­
umn three. 

I 

I 
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TABLE 4-10. CONTROL AMPLIFIER, CONTROLS AND INDICATORS 

Control Location Normal Position Remarks 

TEST/OPER Front Panel MUX Positions of the switch are 
switch M, S, AC, and MUX. The 

first three positions of the 
switch are used for test pur-
poses to supply a steady 
mark (M), a steady space 
(S) and an a-c signal (AC ). 

REMOTE- Interior of Drawer REMOTE The LOCAL position is used 
LOCAL only for internal testing of 
switch the Multiplex Set. 

MUX LINE Front panel Constant The meter will deflect to a 
CURRENT Deflection degree dependent upon the 
meter number of channels in use. 

TABLE 4-11. CONTROL AMPLIFIER, ADJUSTMENT AND ALIGNMENT PROCEDURES 

Adjustment Circuit Refer to. 

LINE RHEO Input Circuit Paragraph 5-4, c, (1). 

VOLTAGE AMPLIFIER Current keyed Paragraph 5-4, c, (2). 
output 

ADJUST 

e. The logic block diagram for the Control Am­
plifier is shown on figure 4-33. The interconnecting 
wiring diagram and the schematic diagram for this 
drawer are shown on figures 5-65 and 5-68. Fig­
ures 5-39 and 5-40 show the position of all adjust­
ment controls and indicators. Test jacks for the in­
dividual circuits are shown on figure 5-41. 

f. The Multiplex Set is placed in the LOCAL 
TEST mode of operation by following the procedures 
given in paragraph 4-6, f. 

g. The following caution must be observed when 
performing trouble shooting procedures: 

CAUTION 

Deenergize the equipment prior to removing 
or installing drawers. After installing the 
drawer, allow a fifteen minute warm-up 
period to insure oscillator stability. 

4-13. CONTROL AMPLIFIER, CIRCUIT DESCRIP­
TIONS. 

(a) GENERAL. -The circuits of the Control 
Amplifier are comprised of seven functional ele­
ments: current driver, inverter, flip-flop, common­
base amplifier. keyer oscillator, bit time pulse am­
plifier, and the keyer line switch. The current 
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driver, inverter, and flip-flop circuits are identi­
cal to the circuits discussed in the previous sec­
tions. The common-base amplifier, the bit time 
pulse amplifier, the keyer oscillator, and the keyer 
line switch will be discussed in detail in this para­
graph. 

b. COMMON-BASE AMPLIFIER 

(1) CIRCUIT DESCRIPTION (See figure 4-22) 

(a) Transistor Q3, on printed circuit board A1, 
is the common - base amplifier. The base of Q3 is 
returned to ground. The input signal is applied a­
cross the emitter bias resistor and the output ap­
pears across the collector load. 

(b) The input to the common-base amplifier 
is the normal Transmitter Mux-Demux matrix line 
output. The signal is amplified in current by the 
current driver Ql and inverted by inverter stage 
Q2. Therefore, the input signal is identical to the 
inverted matrix output. 

(c) Q3 is an NPN transistor. A negative in­
put pulse developed across the emitter bias resistor 
causes Q3 to be forward biased. Prior to conduc­
tion, the collector is at +50 volts. With a negative 
input pulse, Q3 is driven into saturation, causing 
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Figure 4-22. Simplified Schematic, Common Base Amplifier CA-l 

the collector to be driven to a negative voltage for 
the duration of the input pulse. 

(d) The common-base amplifier output is a 
negative-going square wave of 50 volts peak ampli­
tude. 

(2) TEST DATA 

(a) The common-base amplifier is shown in 
logic form on the Control Amplifier logic diagram, 
figure 4-33. The logic symbol is CA-l. The intra­
connection information and the complete schematic 
diagram is shown on figure 5-65 and 5-68, re­
spectively. 

(b) There are no adjustment for this circuit. 

(c) The components of this circuit are located 
on printed circuit board 3A1Al of the Control Am­
plifier drawer. 

(d) The only test equipment required for 
trouble shooting or repair of this circuit is the test 
equipment listed in table 4-2. When repairing 
printed circuit boards, the precautions given in 
paragraph 5-6 are to be observed. 

(e) There are no major test points for this 
circuit. 

c. BIT TIME PULSE AMPLIFIERS. 
(See figure 4-23) 
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Figure 4-24. Simplified Schematic, Keyed Oscillator, K0-1 

(1) CffiCUIT DESCRIPTION. 

(a) Transistors Ql through Q6 on printed cir­
cuit board A9 comprise the bit time pulse amplifiers. 
All six stages are identical: they differ only in their 
respective inputs. Each stage is a voltage ampli­
fier in a common emitter circuit. 

(b) The PNP transistor is normally saturated 
with the collector at ground potential. The input to 
the amplifier is a bit time pulse from divider num­
ber five of the Transmitter Mux-Demux. This in­
put is fed through an isolation resistor (R15) to the 
base of Ql. The bit time pulse is a positive-going 
six-volt square wave which drives Ql to cut-off. 

(c) When cut-off, Ql stops conducting and the 
collector voltage is driven negative. The neon lamp 
indicators are connected through a series resistor 
(R2) to the positive d-e voltage source. When Ql is 
saturated, the voltage drop across the neon indi­
cator is too low to cause conduction. When Ql is 
cut-off, the negative level increases the voltage d 
drop across the neon indicator and the lamp illumi­
nates. The lamp will remain illuminated until the 
bit time pulse disappears at the input of Ql. 

(d) The d-e bias voltage source is a center­
grounded supply. Each pulse amplifier has its e­
mitter to ground so that the high voltage required to 
fire the neon indicator does not appear across the 
transistor. 

(2) TEST DAT A 

(a) The bit pulse amplifiers are shown in 
logic form on figure 4-33. The logic symbols are 
PA-l through PA-6. The intraconnection informa­
tion and the complete schematic diagram is shown 
on figure 5-65 and 5-68, respectively. 

(b) There are no adjustments for this circuit. 

(c) The components of this circuit are located 
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on printed circuit board A9 of the Control Amplifier 
drawer. 

(d) The only test equipment required for 
trouble shooting or repair of this circuit is the test 
equipment listed in Table 4-2. When repairing 
printed circuit boards, the precautions given in 
paragraph 5-6 are to be observed. 

(e) There are no major test points for this 
circuit. 

d. KEYER OSCILLATOR 

(1) CffiCUIT DESCRIPTION ( See figure 4-24) 

(a) Transistors Ql and Q2 on printed circuit 
board A7 comprise, with their associated circuits, 
the keyer oscillator. The input to this stage is the 
normal multiplex signal. 

(b) The keyer oscillator (K0-1) is a gated, 
push-pull oscillator consisting of two PNP transis­
tors with the respective collector terminals connect­
ed to opposite sides of the primary of a center-tap­
ped output transformer. Feedback is provided by 
capacitors C2 and C3, connected between the col­
lector of one transistor and the base of the other. 
Since the push-pull oscillator (Ql-Q2) is a common 
type, no further discussion is given here. The 
gating arrangment for the keyer oscillator (K0-1} 
and its effect on the circuit's output require dis­
cussion. 

(c) Whenever a bit-time (Multiplex) pulse, 
indicating a mark, appears at the output of the in­
verter stage (Ql on printed circuit board A12) a 
positiv�going square-wave pulse is applied to the 
gating input of the, push-pull oscillator. Since the 
emitter terminals of these transistors are unbiased 
in normal operation, oscillations do not take place 
unless a positive gate is applied. If the output of 
the inverter is a space, a ground potential signal is 
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Figure 4-25. Simplified Schematic, Keyer Line Switch, KLS-1 

applied to the emitters of the push-pull oscillator 
transistors to cut-off oscillations. The positive 
gate, resulting from a mark occupying the particu­
lar multiplex bit-time, causes a positive pulse at 
the output of the inverter. The positive pulse causes 
the push-pull oscillator to oscillate. 

(d) The push-pull oscillator makes one com­
plete sine-wave cycle for each gate, representing 
one mark bit-time. The sinusoidal output of the 
push-pull oscillator is coupled through an output 
transformer to a center-tapped full-wave rectifier 
(diodes A7CR3/ A7CR4). Each sine-wave cycle is 
converted into two serial positive-going pulses. A 
smoothing filter removes the valley between the two 
pulses, resulting in a single pulse resembling a 
decayed-square-wave. The output pulse, represent­
ing a mark bit, is applied to the keyer line switch 
(KLS-1). 

(2) TEST DATA 

(a) The keyer oscillator is shown in logic 
form on the Control Amplifier logic diagram, fig­
ure 4-33. The logic symbol is K0-1. The intra­
connection information and the complete schematic 
diagram is shown on figures 5-65 and 5-68 respect­
ively. 

(b) There are no adjustments for this circuit. 

(c) The components of this circuit are located 
on printed circuit board 3A1A7 of the Control Am­
plifier drawer. 

(d) The only test equipment required for 
trouble shooting or repair of this circuit is the test 
equipment listed in Table 4-2. When repairing 
printed circuit boards, the precautions given in 
paragraph 5-6 are to be observed. 

(e) There are no major test points for this 
circuit. 

e. KEYER LINE SWITCH (See figure 4-25) 

ORIGINAL 

(1) CIRCUIT DESCRIPTION. 

(a) Transistor Q3 on printed circuit board 
A 7 comprises the keyer line switch. The input to 
this circuit is the output of the keyer oscillator. 

(b) The keyer line switch (KLS-1) is a power 
switch driven to conduction by a positive-going 
pulse (mark bit condition) from the center-tapped 
full-wave rectifier smoothing filter. The output 
terminals of the keyer line switch are connected in 
series with the teletype loop line, to determine cur­
rent flow at any given time (no current or 20/60 
milliamps). 

(c) NPN transistor Q3 is connected in a com­
mon-emitter configuration, with the base-to-emitter 
bias determined by the filter circuit output (smooth­
ing filter stage A7R5/ A7C4/ A7C5). Whenever a 
mark bit-time occurs, a positive-going pulse ap­
pears at the filter circuit output. This causes the 
NPN transistor to conduct, resulting in the collector­
to-emitter resistance of the transistor dropping to a 
lower value. The current· in the teletype loop line, 
biased by an external 120 volt de battery, increases 
from less than five milliamps to more than 20 or 60 
milliamps (depending on the loop current level). 

(d) A 20 or 60 milliamp current flow in the 
teletype loop line indicates a mark bit-time condi­
tion. A quiescent or negligible current condition 
indicates a space bit-time condition. When a space 
bit-time (no filter circuit output) occurs, the keyer 
line switch transistor remains cut-off. The cut-off 
condition presents a high series impedance in the 
teletype loop line, causing the loop line current to 
approach zero. 

(2) TEST DATA 

(a) The keyer line switch is shown in logic 
form on figure 4-33. The logic symbol is KLS-1. 
The intraconnection information and the complete 
schematic diagram is shown in figures 5-65 and 
5-68, respectively. 
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(b) There are no adjustment for this circuit. 

(c) The components of this circuit are located 
on printed circuit board A7 of the Control Amplifier 
drawer. 

(d) The only test equipment required for 
trouble shooting or repair is the test equipment 
listed in Table 4-2. When repairing printed cir­
cuit boards, the precautions given in paragraph 5-6 
are to be observed. 

(e) There are no major test points for this 
circuit. 

4- 14. SYNCH UNIT. 

a. GENERAL . 

(1) The Synch Unit, receives multiplexed tele­
type signals of a neutral mode at either 20 or 60 rna. 
These signals may be generated locally or remotely 
depending on the position of the Synch Unit LOCAL­
REMOTE switch. After processing the multiplexed 
teletype signals, the Synch Unit furnishes them to 
the Receiver Mux-Demux. The Synch Unit also 
maintains a correct phase relationship between the 
clock frequency of the signal transmitting source 
and the local clock frequency in the Receiver Group. 

(2) The Synch Unit maintains an optimum phase 
relationship by inserting or removing pulses from 
the processed multiplex teletype signal in an asyn­
chronous manner. An optimum phase relationship 
is sensed when the mid bit sampling pulse inter­
rogates the processed multiplex teletype signal and 
finds a coincidental mark pulse with a confirming 
mark pulse occupying the sixth bit-time (frame 
coding bit) in the same frame. The Synch Unit then 
corrects for any sensed phase shift in effect, mat­
ching the local clock frequency to that of the incom­
ing multiplexed teletype signal. The phase correc­
tion circuits are necessary because the Receiving 
Group is always operating at a slightly faster (ap­
proximately 3 milliseconds) clock rate than the 
Transmitting Group. 

(3) The phase position will also be affected by 
variations in the propagation delay of the radio path 
and extraneous pulses produced by atmospheric or 
man-made 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 
Synch Unit disregards these effects and acts only to 
insert the difference frequency between the frequency 
standards. 

(4) On figure 4-34 the logic functions can be di­
vided into three main groups: (a) the input circuit, 
(b) the phase sensing circuits, and (c) the phase 
correcting circuits. 

b DETAILED FUNCTIONAL DESCRIPTION. (See 
figure 4-34) 
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(1) INPUT SIGNAL CIRCUIT.- The Synch Unit 
accepts multiplexed teletype signals from local 
(same station's Transmitter Group) and remote 
points (normal operation). The Synch Unit filters 
the multiplex teletype signal to remove radio-fre­
quency interference and decouples the signal from 
the teletype loop. The decoupled signal is then am­
plified, squared up, and generated to the signal 
limiting amplifiers in an inverted form in normal 
operation. If the multiplex teletype signal is scram­
bled, a descrambling unit can be inserted in the line 
between the inverting amplifier and the signal limit­
ing amplifier input. The signal limiting amplifier 
output is then coupled to two parallel circuits. One 
parallel circuit contains a signal sampling gate and 
the normal (multiplex) signal driver which leaves 
the signal limiting amplifier output uninverted and 
sends it to position A of the NORMAL-INVERTED 
switch of the Receiver Mux-Demux. The other 
parallel circuit contains the multiplex signal invert­
ing amplifier followed by another signal sampling 
gate, and the inverted multiglex signal driver to 
invert the signal-limiting-amplifier output. The 
signal is sent to position B of the NORMAL-IN­
VERTED switch. Both the normal signal driver 
and the inverted signal driver generate complemen­
tary signals on balanced, floating lines so that the 
NORMAL-INVERTED switch can be used to change 
the signal lines that are fed to the Receiver Mix­
Demix diode coding matrix. The balanced floating 
signal lines are required since signals are applied 
to many single diode inputs connected in parallel 
with outputs at floating ground potential. 

(2) PHASE SENSING.- Any phase shift in the 
incoming multiplex teletype signal is detected in 
the Synch Unit by comparing the processed Multi­
plex teletype signal at the phase lead and phase 
lag gates (AG-1 and AG-2). The multiplex signal 
from the input flip-flop (FFl) is sampled every A 
clock interval (first compressed frame interval), 
and the resultant A time sample signals are 
coupled to the phase signal-sampling amplifier. 
The output of this amplifier is coupled as an in-
put of both the phase-lead AND gate and the phase­
lag AND gate. Phase-lead clock signals and phase­
lag clock signals are generated from separate OR 
gates at the output of divider number four in the 
Receiver Mix-Demix. The phase-lead clock sig­
nals are single d c levels occurring during the first 
3. 8 milliseconds of every first compressed bit in­
terval (approximately 6. 65 milliseconds long). The 
phase-lag clock signals are single d c levels occur­
ring during the last 2. 85 milliseconds of every first 
compressed-bit interval. If the A time sample 
signal (a differentiated spike from the square-wave 
leading edge of each mark bit) occurs during the 
first 3. 8 millisecond interval, the phase sensing 
circuits recognize a phase lead condition which can 
be corrected by speeding-up (advancing) divider 
number two cycle (in the Receiver M ux-Demux). 
If the A time sample signal occurs during the last 
2. 85 millisecond interval, the phase sensing circuits 
recognize a phase lag condition which can be cor­
rected by slowing-down (retarding) divider no. 2. 
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(3) PHASE CORRECTING. 

(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 the advance AND gate. A normaliz­
ing univibrator times out a fixed millisecond pulse 
to charge a large capacitor in a positive direction, 
via a constant current transistor circuit. A 
similar circuit is provided for lagging phase inputs. 

(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 +6 
volts, the voltage 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 capaci­
tor potential will become more positive than +6 
volts. An isolating amplifier couples this potential 
to a level sensing circuit. The output of the level 
sensing circuit is raised to the proper level by a 
phase inverter. 

(c) A positive output voltage from the phase 
inverter turns off one side of the advance flip-flop 
circuit. A discharge circuit connected to the flip­
flop immediately begins to discharge the capacitor. 
After a short period the initial positive d c 
potential applied to the flip-flop is removed. The 
flip-flop remains in its primed condition 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 for a timed 
period of 40 microseconds. The output of this uni­
vibrator is applied to an AND gate (24), to gate in 
an additional drive pulse through the amplifier to 
the train of drive pulses obtained from the (1) side 
of binary no. 2 of the oscillator-power supply. 

(d) The added pulse is derived from the (0) 
side of binary no. 2. thus. it falls between adjacent 
pulses in the train. The addition of this drive pulse 
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. 
Continuous pulses are added to the drive-pulse 
train until the phase sensing circuits detect coin­
cidence 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 positive 
increase of charge on the capacitor produced by the 
advance side. 

(e) The action of the retard portion of the cor­
rector is identical to that of the advance side with 
few exceptions. The capacitor is discharged in a 
negative direction, and a level of -6 volts is recog­
nized. At this point the level-sensing circuit 
develops a positive voltage to drive a flip-flop as 
above. Operation of the subtract univibrator 
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interrupts, for a period of 70 microseconds, the 
train of pulses from (1) side of binary no. 2 in AND 
gate and thus retards the phase of the local standard 
by one drive pulse. 

(f) The phase sensing circuits of the Synch Unit 
can detect only phase shifts of less than frame dis­
placement. Phase shifts of more than a full frame 
interval cannot be recognized by the Synch Unit. 
Frame-displacement alarm circuits must be employed 
to prevent frame-interval phase shifts from interfer­
ing with the operation of the Multiplex Set. The frame 
alarm and framing circuits are discussed in para­
graph 4-16, b. 

(4) FREQUENCY METER CffiCUIT.- RECEIV­
ER CRYSTAL FAST-SLOW meter M2 is a high­
impedance, zero-center voltmeter which measures 
the charge voltage level and polarity of the phase­
correction response-time circuit (an RC network). 
Voltmeter M2 is connected across capacitor C2, 
and indicates that the capacitor is charging (voltage 
drop across C2 rises) or discharging (voltage drop 
across C2 declines). Capacitor C2 is part of the RC 
network that determines when the phase correction 
circuits will be activated. The monitoring of the 
voltage level and polarity of capacitor C2 enables 
the Multiplex Set operator to determine whether the 
local frequency source (for clock reference signals) 
is fast or slow compared to the remote signal source 
(another telegraph terminal set). 

4-15. SYNCH UNIT, TEST DATA 

a. Table 4-12 is a list of the steps to be per­
formed to localize receiver failures to the Synch 
Unit. If a specific receiver failure does not appear 
in this table, refer to the trouble shooting informa­
tion given in the test data sections for the Receiver 
Code Converter or Receiver Mux-Demux. 

NOTE 

The trouble shooting chart of 
table 4-12 will localize the fail­
ure to a specific printed circuit 
board in the Synch Unit. When 
the functional section has been 
located, immediate repair is 
effected by the replacement 
of that printed circuit board which 
contains the faulty section. 

b. The only test equipment required for the 
localization of failures through the use of table 4-
12 is the test equipment listed in table 4-2. 

c. Table 4-13 is a list of the controls and indi­
cators of the Synch Unit. Column one indicates the 
name of the control or indicator and column two 
lists the position of the component on the drawer. 
Column three lists the normal position of the control 
or the normal indication of the indicator. 
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STEP 

1 

2 

3 

4 

5 

6 

7 

8 
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TEST 
POINT 

0 

0 

0 
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TABLE 4-12. SYNCH UNIT, TROUBLESHOOTING CHART 

PRELIMINARY NORMAL 
ACTION INDICATION NEXT STEP 

Output of all channels Good copy should Switch to LOCAL operation. If the copy is 
garbled be received on all good, the distant terminal is at fault. 

channels 
If the output is still garbled, proceed to 
Step 2. 

Check the receiver Meter should show If the indication is normal, check the 
crystal meter, M2, phase kicks in Receiver Mux-Demux according to the steps 
on the Synch Unit deflection outlined in Table 4-6. 

If the indication is not normal, proceed to 
Step 3. 

Connect the vertical The waveform If the waveform is normal, proceed to 
input of the oscillo- should be as shown Step 6. 
scope to test point on figure 4-34 or 
J1 on printed circuit 5-68 
board A4 

Connect the vertical The waveform If the waveform is normal, the failure is in 
input of the oscillo- should be as shown the A channel clock pulse circuit of the 
scope to test point on figure 4-34 or Receiver Mux-Demux. Refer to Table 4-6. 
Jl on printed circuit 5-68 
board A3 If the waveform is abnormal, proceed to 

Step 5. 

Connect the vertical The waveform If the waveform is normal, the failure is in 
input of the oscillo- should be as shown the input flip-flop transistors on printed circu.it 
scope to terminal 6 on figure 4-34 or board A3. Check transistors Q7 - Q8, and 
of transformer T1 5-68 associated circuits. 

If the waveform is abnormal, the failure is in 
resistor R2, transformer T1, Meter M1, or 
fuse Fl. 

Connect the vertical The waveform If the waveform is normal, proceed to Step 7. 
input of the oscillo- should be as shown 
scope to the junction on figure 4-34 or If the waveform is abnormal, proceed to 
of R25 and CR11 on 5-68 Step 8. 
printed circuit board 
A2. Place the 
Receiver Mux-De-
Mux switch in the A C  
position 

Connect the vertical The waveform If the waveform is normal, proceed to Step 9. 
input of the oscillo- should be as shown 
scope to the junction on figure 4-34 or If the waveform is abnormal, proceed to Step 
of R38 and CR18 on 5-68 8. 
printed circuit board 
A7 

Connect the vertical The waveform If the waveform is normal, the failure is in 
input of the oscillo- should be as shown the circuits of Q7 or QlO on printed circuit 
scope to the junction on figure 4-34 or board A2. 

of CR16 and CR17 5-68 
on printed circuit If the waveform is abnormal, the failure is in 
board A2 the circuit of Ql on printed circuit board A4. 
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STEP 

9 

10 

11 

12 

13 

14 

15 

TEST 
POINT 

® I 

PRELIMINARY 
ACTION 

With the Receiver 
Mux-Demux in the 
AC position, check 
the indication of 
the FAST/SLOW 
RECEIVER 
CRYSTAL meter 

Connect the vertical 
input of the oscillo-
scope to the junction 
of R16 and C5 of 
printed circuit board 
A4 

®hnnect the vectical 
put of the oscillo-

scope to the junction 
of C4 and C3 of 
printed circuit board 
A4 

�nnect the vertical 
mput of the oscillo-
scope to test point 
J2 on printed circuit 
board A4 

®hnnect the vertical 
put of the oscillo-

scope to the junction 
of R9 and Rll on 
printed circuit board 
A3 

�nnect the vertical 
mput of the oscillo-
scope to test point 
3 on printed circuit 
board A4 

�ct the vertical 
p of the oscillo-

scope to the junction 
of R17 and R19 on 
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TABLE 4-12 (CONT'D) 

NORMAL 
INDICATION 

The meter should 
continuously de­
flect in the FAST 
direction return to 
zero, and then 
deflect in the 
SLOW direction 

The waveform 
should be as shown 
on figure 4-34 or 
5-68 

The waveform 
should be as shown 
on figure 4-34 or 
5-68 

The waveform 
should be as shown 
on figure 4-34 or 
5-68 

The waveform 
should be as shown 
on figure 4-34 or 
5-68 

The waveform 
should be as shown 
on figure 4-34 or 
5-68 

The waveform 
should be as shown 
on figure 4-34 or 
5-68 

NEXT STEP 

If the meter reads near zero, or is not 
increasing to the FAST direction, proceed 
to Step 10. 

If the meter reads near zero, or is not moving 
in the SLOW direction, proceed to Step 11. 

If the meter reads off scale in the FAST 
direction, proceed to Step 12. 

If the meter reads off scale in the SLOW 
direction, proceed to Step 14. 

If the indicator is normal, proceed to Step 16. 

If the waveform is normal, the failure is in 
amplifier Q5 on printed circuit board A4. 
Refer to paragraph 4-15. b. for the circuit 
description. 

If the waveform is abnormal, the failure is in 
transistor Q8 and Q9 of the retard univibrator 
on printed circuit board A2. 

If the waveform is normal, the failure is in 
amplifier Q2 or associated circuits on printed 
circuit board A4. Refer to paragraph 4-15. b. 
for the circuit description. 

If the waveform is abnormal, the failure is in 
transistor Qll and Q12 of the advance uni­
vibrator on printed circuit board A2. 

If the waveform is normal, proceed to Step 13. 

If the waveform is abnormal, the failure is in 
transistor Q3 or Q4 and associated circuits 
on printed circuit board A4. Refer to para­
graph 4-15. b. for the circuit description. 

If the waveform is normal, the failure is in 
transistor Q6 or associated circuits on printed 
circuit board A4. Refer to paragraph 4-15. b: 
for the circuit description. 

If the waveform is abnormal, the failure is in 
the retard flip-flop, transistor Q4 or Q3 on 
printed circuit board A3. 

If the waveform is normal, proceed to Step 15. 

If the waveform is abnormal, the failure is in 
transistor Q8, Q9, Q10, or their associated 
circuits. Refer to paragraph 4-15. b. for the 
circuit description. 

If the waveform is normal, the failure is in 
transistor Q7 or associated circuits on printed 
circuit board A4. Refer to paragraph 4-15. b. 
for the circuit description. 
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Table 
4-12 

TEST 
STEP POINT 

15 
(Cont'd) 

16 
0 

17 
0 

18 
0 

---

CONTROL 

FRAME 
switch 

LOCK-UP 
RELEASE 
switch 

MAN-AUTO 

MUX LINE 
CURRENT 
meter 

RECEIVER 
CRYSTAL 
meter 

---
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PRELIMINARY 
ACTION 

printed circuit 
board A3 

Connect the vertical 
input of the oscillo-
scope to test point 
J2 on printed circuit 
board A2 

Connect the vertical 
input of the oscillo-
scope to test point J1 
of printed circuit 
board A2 

Connect the vertical 
input of the oscillo-
scope to the junction 
of R23 and the col-
lector of Q6 on 
printed circuit 
board A2 

NA VSHIPS 94376(A) 
AN/UGC-1A 

TROUBLESHOOTING 

TABLE 4-12 (CONT'D) 

NORMAL 
INDICATION NEXT STEP 

If the waveform is abnormal, the failure is in 
he advance flip-flop, transistor Q5 or Q6 

on printed circuit board A3. 

The waveform If the waveform is normal, the failure may be 
should be as shown he input from the Oscillator-Power Supply. 
on figure 4-34 or Proceed to Step 17. 
5-68 

If the waveform is abnormal, the failure is in 
he subtract gate univibrator. Refer to para-

�raph 4-15. b. for the circuit description. 

The waveform If the waveform is normal, the failure may be 
should be as shown he input signal from the Oscillator-Power 
on figure 4-34 or Supply. If this input is correct, proceed to 
5-68 Step 18. 

If the waveform is abnormal, the failure is in 
he add gate univibrator. Refer to para-

�raph 4-15. b. for the circuit description. 

The waveform i1f the waveform is abnormal, the failure is 
should be as shown ransistor Q5 or Q6 or their associated 
on figure 4-34 or �ircuits. Refer to paragraph 4-15. b. for 
5-68 he circuit description. 

� 

TABLE 4-13. SYNCH UNIT, CONTROLS AND INDICATORS 

LOCATION NORMAL POSITION 

Front Panel Off 

Front Panel Off 

Front Panel AUTO 

Front Panel Constant deflection 

Front Panel Zero, with kicks 

�-------------

REMARKS 
i 

The switch is spring loaded to automatic-
ally return to the OFF position. 

The switch is spring loaded to automatic-
ally return to the OFF position. I 

I 

In the MANUAL position, single step I 
framing can be performed by the operator .1 

The meter will deflect to a degree depend-! 
ent upon the number of channels in use. . 

i 

' 

The meter will deflect, dependent upon I 
I 

input and corrections made in the Synch I 
Unit. 

I 

�--- ���- ---- __ j 
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Table 
4-14 

TABLE 4-14. SYNCH UNIT, ADJUSTMENT AND ALIGNMENT PROCEDURES 

ADJUSTMENT CIRCUIT REFER TO 

LINE RHEO Input Paragraph 5-4, d 

ADVANCE GEN Current generators Paragraph 5-4, d, (1) 

RETARD GEN Current generators Paragraph 5-4, d, (1) 

ADD UNIVIBRATOR Add gate univibrator Paragraph 5-4, d, (2) 

SUBTRACT UNIVIBRATOR Subtract gate univibrator Paragraph 5-4, d, (3) 

d. Table 4-14 is a list of the adjustment and 
alignment procedures which affect the operation of 
the Synch Unit. The actual procedures are given in 
Section 5, in the paragraphs noted in column 3. 

e. The logic diagram for the Synch Unit is 
shown on figure 4-34. The interconnecting wiring 
diagram and the schematic diagram for this drawer 
are shown on figures 5-65 and 5-69. Figures 5-42 
and 5-43 show the positions of all adjustment con­
trols and indicators. Test jacks for the individual 
circuits are shown on figures 5-44 through 5-47. 

f. The Multiplex Set is placed in the LOCAL 
TEST mode of operation by following the procedures 
given in paragraph 4-6, f. 

g. The following caution must be observed 
when performing trouble shooting procedures: 

CAUTION 

Deenergize the equipment 
prior to removing or in­
stalling drawers. After 
installing the drawers, 
allow a fifteen minute 
warm-up period to insure 
oscillator stability. 

4-16. SYNCH UNI:r, CIRCUIT DESCRIPTIONS 

a. GENERAL. 

(1) The circuits of the Synch Unit compose three 
functional areas: input, phase sensing, and phase 
correction. The input circuit, comprised of the 
input flip.,.flop and transformer T1, is identical in 
operation to the input circuits previously discussed. 
Refer to paragraph 4-7, a, b, for a discussion of a 
similar circuit. 

(2) The Synch Unit also contains circuits which 
are part of the framing system. These circuits 
will not be discussed here, but will be discussed in 
detail in the description of the Receiver Code Con­
verters. Refer to paragraph 

b. PHASE SENSING CIRCUITS (See figure 
4-26 and figure 5-68) 

ORIGINAL 

---·--

(1) CIRCUIT DESCRIPTION. 

(a) Seven pulses of equal time duration are 
furnished by divider number four in the Receiver 
Mux-Demux to the inputs of the phase lead and lag 
gates (AG-1 and AG-2 on figure 4-34). The number 
one through four pulses are applied to the phase 
lag amplifier (AMPL-2 ), while five through seven are 
applied to the phase lead amplifier (AMPL-3). The 
emitter output signals of the two amplifiers vary 
between 0 and -6 volts, at a 180 degree phase dif­
ference. 

(b) The two AND gates are identical. Gate 
AG-1 is enabled for the first 3. 8 milliseconds of a 
mark signal, while gate AG-2 is enabled for the last 
2. 85 milliseconds of a mark signal. Optimum phas­
ing occurs when the sampled input spike is sufficient­
ly displaced in time to provide a signal from the out­
put of both AND gates. 

(c) The output of the phase lead and lag AND 
gates is coupled to the retard and advance univibra­
tors (OS-1 and OS-2 on figure 4-34). If optimum 
phasing conditions occur both univibrators are trig­
gered, producing a four millisecond square wave 
from the reset side. If the sampled pulse is leading 
or lagging, only the appropriate univibrator is trig­
gered. The output of the univibrators is coupled to 
the constant-current generators (AMPL-4 and AMPL-
5). 

(d) Transistor Q2, the retard constant-current 
generator, functions as a switch with a current limit­
ing resistor in the emitter circuit. Transistor Q5 is 
off when no signal is applied to its base. The positive 
pulse from the retard univibrator is coupled through 
capacitor C4 and resistor R6 to drive the base from 
-12 to -8 volts for the duration of the pulse. When 
Q2 conducts the emitter is also at -8 volts. Capaci­
tor C2 discharges from the output side, through Q2, 
R8, and variable resistor R6, to the -12 volt supply. 
Current limiting resistors R8 and external resistor 
R6 limit the discharge current of C2 to a safe value. 

(e) The C2 discharge current flow produces a 
negative voltage at the junction of Rll and C2. If no 
other signal is applied to the integrating capacitor, 
the charge of the capacitor decreases with each pulse 
of energy furnished by Q2. Since C2 is discharged by 
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a constant current source, the capacitor voltage de­
creases linearly with each applied current pulse. 
The voltage at the junction of R11 and C2 is indi­
cated on M2, the RECEIVER CRYSTAL FAST/SLOW 
meter. 

(f) A similar action occurs when the advance 
constant-current generator is triggered. In this 
case, the voltage at the junction of R11 and C2 
increases because of the positive current flow 
through Q5 and associated circuits. At optimum 
phase conditions both Q2 and Q5 are triggered. 
The triggering causes a positive buildup (charge) 
of C2 from Q5, and a negative buildup (discharge) 
from Q2. The net effect of this dual conduction 
of OP-posing voltages is the maintaining of the 
junction of C2 and Rll at a zero voltage level. 

(g) The voltage at the junction of C2 and R11 
is coupled to the bases of transistors Q3 and Q8, 
the voltage sensing amplifiers. If the voltage 
at this point drops to below -6 volts, because of a 
constant phase lag, transistor Q8 conducts. If 

the voltage increases to above +6 volts, due to a 
constant phase lead, transistor Q3 conducts. While 
the voltage is in the range of -6 to +6, neither trans­
istor conducts, allowing a self-correction time for 
the lead and lag gates. 

(h) If the advance circuit is turned on, the 
slowdown flip-flop (FF-3 on figure 4-34) is set. If 

the retard circuit is turned on, the speedup flip­
flop is set. The outputs of the flip-flops is coupled 
to two circuits: the discharge circuits discussed 
below, and the phase correction circuits discussed 
in paragraph 4-15. c. 

(i) The speedup and slowdown flip-flops are 
reset by the A channel clock pulses. When set, as 
discussed above, the output of the reset side (0) of 
the speedup flip-flop is coupled to the base of Q6, 
the retard discharge amplifier. When Q6 conducts 
the collector goes to zero potential, providing a 
charge path for C2. The junction voltage of C2 
and R11 returns to a zero potential while the flip­
flop is set (until the next A channel clock pulse). 
The speedup flip-flop provides a signal from its set 
side (1) to the advance discharge amplifier, Q7. 
When Q7 conducts, its collector goes to 0, and C2 
is discharged. 

(2) TEST DATA. 

(a) The phase sensing circuits are shown in 
logic form on figure 4-34, the Synch Unit logic 
diagram. The logic symbols are OS-1, OS-2, and 
AMPL-4 through AMPL-10. The intraconnection 
information and the complete schematic diagram 
are shown on figures 5-65 and 5-69 respectively 

(b) The adjustments which affect the phase 
sensing circuits are the adjustments of the ADVANCE 
GEN and DISCHARGE GEN potentiometers. The 
procedure for performing these adjustment s is 
given in paragraphs 5-4, d. , (1). 
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(c) The components of these circuits are lo­

cated on printed circuit board 2AlA2 and 2A1A4 

of the Synch Unit drawer. 

(d) The only test equipment required for 
trouble shooting or repair of the phase sensing circ­
uits is the test equipment listed in Table 4-2. When 
repairing printed circuit boards, the precautions 
given in paragraph 5-6 are to be observed. 

(e) The major test points for this circuit are 
illustrated on figures 5-45 and 5-47. 

c. PHASE CORRECTION CIRCUITS (See figure 
4-27 and figure 5-68) 

(1) CIRCUIT DESCRIPTION. 

(a) The phase correction circuit consists of 
the add and subtract univibrators and the add and sub­
tract gates (OS-3, OS-4, AG-5 and AG-6 on figure 
4-34, the Synch Unit logic diagram). 

(b) The input to the subtract gate univibrator 
is taken from the set side (1) of the slowdown flip­
flop. The input to the add gate univibrator is taken 
from the set side of the speedup flip-flop. The out­
put of the phase correction circuit is coupled to 
divider number two of the Receiver Mux-Demux. 

(c) With neither the slowdown or speedup 
flip-flops set, (due to a phase lead or lag) Ql and Q3 
or the subtract gate univibrators are conducting. The 
junction of CR6 and C4 of the subtract gate is at 0 
volts and the junction of CR5 and C3 of the add gate 
is at a -6 volts. The input to C4 of the subtract 
gate is the set side of the second divider binary in 
the Oscillator-Power Supply. The input to C3 of 
the add gate is the reset side of the same divider. 
The add and subtract gates are positive AND gates 
(AG-5 and AG-6). Gate AG-5 is enabled and AG-6 
is inhibited. Under these conditions, the clock pulse 
will drive the output amplifier to provide normal 
clock pulses for every positive pulse from the set 
side of the binary divider of the Oscillator-Power 
Supply. Every positive pulse from the reset side is 
stopped by inhibited AND gate AG-6. 

(d) When the slowdown flip-flop is set, the sub­
tract gate univibrator is t riggered by the output 
pulse. The output of the univibrator goes from 0 to 
-6 volts for a period of time depending upon C5 (70 
microseconds). This negative pulse inhibits AG-5 
for that period. Therefore, the next clock pulse is 
not passed by the inhibited AND gate and one pulse 
is subtracted from the train of pulses sent to the 
Receiver Mux-Demux. 

(e) When the speedup flip-flop is set, the add 
gate univibrator is triggered by the output pulse. The 
output of the univibrator goes from -6 to 0 volts for 
40 microseconds to enable AG-6 for that period. The 
positive going transition from the reset side of the 
binary clock in the OsGillator-Power Supply is passed 
through the enabled AND gate to add a pulse to the 
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string of pulses sent to the Receiver Mux-Demux. 
This positive going transition is normally blocked 
by the inhibited AND gate. 

(2) TEST DATA 

(a) The phase correction circuits are shown 
in logic form on figure 4-34� the Synch Unit logic 
diagram. The logic symbols are OS-3, OS-4, AG-5, 
AG-6, and AMPL-11 and 12. The intraconnection 
information and the complete schematic diagram are 
shown on figure 5-65 and 5-69, respectively. 

(b) The adjustments which affect the phase 
correction circuits are the adjustments of the 
TRACT UNIVIBRATOR and the ADD UNIVIBRATOR 
potentiometers. The procedures for performing 
these adjustments is given in paragraphs 5-4, d, (2) 
and 5-4, d, (3). 

(c) The components of these circuits are lo­
cated on printed circuit board 2A1A2 of the Synch 
Unit drawer. 

(d) The only test equipment required for 
trouble shooting or repair of these circuits is the 
test equipment listed in Table 4-2. When repairing 
printed circuit boards, the precautions given in 
paragraph 5-6 are to be observed. 

(e) The major test points for these circuits are 
illustrated on figure 4-45. 

4-17. RECEIVER CODE CONVERTER 

a. GENERAL (See figures 4-35 and 4-36. )-The 
Receiver Code Converter accepts multi wire signals 

from the Receiver Mux-Demux and converts them 
to output signals suitable for the operation of ex­
ternal start-stop equipment. The Receiver Code 
Converter is comprised of two functional sections: 
the multiplex conversion circuits discussed in 
paragraph 4-16 b, and the misframe detection and 
lockup circuits discussed in paragraph 4-16c. 

b. CIRCUIT DESCRIPTION, MULTIPLEX 
CONVERSION CIRCUITS 

(See figure 4-35 and 4-36) 

(1) The multiplex conversion circuits are: 
storage circuits, traffic recognizer circuits, 
start-stop control circuits, start-stop distributor 
circuits, signal gates, and output circuits. 

(2) The storage circuits are comprised of five 
identical flip-flops (FF-1 through FF-6, on figure 
4-35) corresponding to the first five elements of the 
multiplex signal. For each marking element de­
tected by the Receiver Mux-Demux matrix, the 
corresponding storage flip-flop is set by an input 
pulse. When a complete sequence of five pulses, 
representing a single character, has been received, 
the status of the five flip-flops represent that 
character. The reset output (0) of each of the flip­
flops is coupled to the corresponding signal gates. 

O RIGINAL 

Both the set and reset outputs (1 and 0) of the storage 
flip-flops are coupled to special detection circuits. 
(See paragraph 4-16 c). 

(3) The traffic recognizer and start-stop cir­
cuits consist of a flip-flop (FF-6) with control gates 
(AG-6 and OG-1) for determining the operation of 
the start-stop oscillator. The primary purpose of 
these circuits is to insure that the start-stop dis­
tributor only counts when a legitimate character or 
idle signal is received. When any element of the 
storage flip-flops is set by a mark signal, a positive 
going pulse is coupled to OR gate OG-3. The output 
of this gate is a positive going pulse to set the traffic 
recognizer flip-flop . The second input to the set 
side of the traffic recognizer flip-flop is the traffic 
trigger, a signal derived from the number six 
element flip-flop. This element is of main concern 
during idle conditions when all other storage flip­
flops have not been set, but a legitimate traffic 
condition is realized. 

(4) The first pulse to set the traffic recognizer 
generates an output to the start-stop control gates. 
The reset output (0) of the traffic recognizer is a 
positive going pulse to enable AND gate AG-6. The 
next clock pulse, from current driver OD-1, is 
passed by AND gate AG-6 to one input of the negative 
OR gate OG-1. The other input to this gate is from 
the stop element of the start-stop distributor. Gate 
OG-1 is normally inhibited until the stop element of 
the distributor is fired, indicating a complete cycle 
of oscillation. At this time, the gate is enabled and 
the anded clock and traffic recognizer signal are 
passed to inverter IV -1 to clamp the start-stop 
oscillator. 

(5) The start-stop oscillator and control cir­
cuits, the squaring and drive amplifier circuits, and 
the start-stop distributor circuits are identical in 
operation with the corresponding circuits in the 
Transmitter Code Converter. When the start-stop 
oscillator is unclamped, it oscillates at a frequency 
whose period is equal in width to the code element 
of the start-stop signal (22 milliseconds at 368 opm). 
The oscillator output is shaped into square waves by 
the squaring amplifier, and coupled to the distribu­
tor drive amplifier. The output of the distributor 
drive is a series of positive pulses to trigger the 
elements of the start-stop distributor. 

(6) An output from the stop element of the start­
stop distributor is applied to the start-control gate 
OG-1. When the stop element is fired, the gate is 
enabled, clamping the start-stop oscillator. As a 
result, no additional drive pulses are generated, so 
that the distributor comes to rest until the next in­
put cycle. The output of each element of the dis­
tributor is applied to one of the inputs of the signal 
gates. 

(7) The signal gates consist of five AND gates 
(AG-1 through AG-5), one for each code pulse of the 
start-stop signal. Each gate has two inputs: one 
from the corresponding storage flip-flop, and one 
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from the corresponding distributor element. As 
each distributor element fires, the signal gates are 
consecutively enabled. Each AND gate provides a 
marking output when a mark is stored in the storage 
flip-flop. As the start-stop distributor goes through 
one complete cycle, the character represented by 
the enabled and inhibited gates is ORed in OG-2 and 
coupled to the output circuits. 

(8) Before the storage elements can assume 
the characteristice of the new input character, they 
must be reset by the appropriate elements of the 
start-stop distributor. Flip-flop one is reset by 
distributor element two-flip-flop two is reset by 
distributor element three, etc. 

(9) In the A channel Receiver Code Converter 
only, an output of the start element of the start­
stop distributor is supplied to the Synch Unit for 
framing purposes. 

(10) The outputs of the signal gates are coupled 
to an OR gate (Og-2). A sixth input to this gate is 
the four channel lockup signal from the LOCKUP 
RELEASE switch on the Synch Unit. The functions 
of this input is to inhibit the Receiver Code Con­
verter outputs so there can be no crosstalk be­
tween channels. 

(11) The printer loop keyer circuits are ident­
ical in operation with the keyer circuits discussed 
in the Control Amplifier Section. The output signal 
is a five code character with a current (20 or 60 
rna) flow for a mark signal, and a leak of current 
flow for a space. The timing characteristics of the 
Receiver Code Converter are shown on figure 4-36. 

c. CIRCUIT DESCRIPTION, MISFRAME DE­
TECTION AND LOCKUP 

(See figure 4-37) 

(1) IN FRAME CONDITION, LOGIC 

(a) In frame condition of the Receiver Code 
Converters is determined by the condition of the 
logic circuits comprised of the number six element 
flip-flop (FF -2) the traffic recognizer, and negative 
OR gate OG-1. The two inputs to the negative OR 
gate are from the set output (1) of the traffic flip­
flop and the reset output (0) of the number six 
element flip-flop. In the in frame condition, both 
of these flip-flops are set and reset during the 
exact same time duration. The input to OG-1 is 
always a -6 volt and a 0 volt level. The output 
from this gate (0 volts) is inverted by inverter IV -1, 
and coupled as an input ot OR gate OG- 4. 

(b) This inverted signal level is ORed with the 
identical inverter outputs of all the Receiver Code 
Converters by OG-4. If the Multiplex signals in 
frame, the output of this gate is a -6 volt level to 
inverter IV -5. The signal is inverted to a 0 volt 
level, so that the integrator is not charged. The 
misframe circuits are inhibited by this lack of 
charging current. 

ORIGINAL 

(2) MISFRAME LOGIC 

(a) If the Receiver Code Converters are out­
of-frame, one of the number six element flip-flops 
of at least one of the Receiver Code Converters will 
not be set. In this case, the input to OG-1 will be 
a -6 volt level from the set side (1) of the set traffic 
flip-flop and a -6 volt level from the reset side (0) 
of the reset (not set) number six element flip-flop. 
The output of the OR gate will also be at a -6 volt 
level. 

(b) The voltage level from the OR gate is in­
verted by IV -1 and coupled as a 0 voltage level to 
the input of OG-4. The output of this gate is the 
highest potential of the inputs, or a 0 voltage level. 
This level is inverted by inverter IV -5, placing a 
negative voltage on the diode in series with the 
integrating capacitor and ground. 

(c) The diode is forward biased and conducts 
to dis charge the integrating capacitor. This dis­
charge current flows until the traffic flip-flop is 
reset by the start-stop distributor, inhibiting OG-1. 
If the out-of-frame condition continues the fore­
going action is repeated, with the voltage across the 
integrating capacitor becoming more negative since 
no discharge path is available for the integrating 
capacitor. 

(d) The differential amplifier and level senser 
are not triggered until the voltage across the inte­
grating capacitor reaches a certain negative value. 
This value is determined by the setting of the 
ALARM THRESHOLD adjustment in the Receiver 
Code Converter. When the voltage is sufficiently 
negative, the level sneser and inverter stage (IV -7) 
is turned on to place a -6 volt potential on the input 
to inverter IV -6. 

(e) The 0 voltage level from the output of in­
verter IV -6 provides a current path to energize re­
lay K1, the misframe alarm relay. Contacts on K1 
provide a current path to energize K2, the lockup 
relay. The energizing of the misframe alarm relay 
illuminates the misframe indicator and sounds the 
alarm buzzer. The ALARM BYPASS switch, in the 
BYPASS position, removes the power inputs from 
the alarms and illuminates the ALARM BYPASS ED 
indicator, if a misframe condition occurs. 

(f) Energizing of the lockup alarm K2 places 
a 0 voltage level on the output OR gate of the Re­
ceiver Code Converter to prevent the transmission 
of any intelligence. 

(g) The lockup output and the misframe alarm 
output are also coupled to the OG-3 and OG-4 gates 
of every Receiver Code Converter. A misframe and 
the consequent lockup of any channel, will cause a 
misframing and lockup of all channels. 

(h) The LOCKUP-ALARM DISABLE switch 
has two functions. In the ALA RM DISABLE position, 
the output of OG-1 is clamped at a 0 voltage level to 
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effectively inhibit the remainder of the alarm cir­
cuits. In the LOCKUP position, OR gate OG-3 is 
inhibited to cause all channels to be locked up and 
subsequently indicate a misframe condition. 

(3) MISFRAME CORRECTION - FRAMING 

(a) The framing of a misframed system can 
be accomplished in either of two modes of opera­
tion, manual or automatic. The choice is depend­
ent upon the operator and traffic conditions. The 
mode of framing is selected by positioning the 
AUTO-MANUAL FRAMING switch in the desired 
position. 

(b) When the AUTO-MANUAL FRAMING 
switch is in the MANUAL position, a single input is 
added by the framing flip-flop (FF-1, located on the 
Receiver Mux-Demux) every time that the FRAME 
switch is depressed. Depressing of the spring 
loaded switch sets the framing flip-flop through the 
contacts of relay Kl. The output pulse from this 
flip-flop (reset side) is added to the clock pulses 
of the Synch Unit to bring the system into frame. 

(c) When the AUTO-MANUAL FRAMING 
switch is in the AUTO position, inputs are added to 
the clock pulses automatically as long as the 
FRAME switch is depressed. If Channel A is idling 
the automatic mode of operation causes the start 
element of the A channel start-stop distributor to 
coincide with the start signal of the incoming pulses. 
Contacts on relay K2 cause the last pulse added to 
be again subtracted to prevent overdriving due to 
time lag. Without this circuit the automatic fram­
ing would subtract one pulse too many from the in­
put train, throwing the system out-of-frame. 

(d) In either position of the switch, depres­
sing of the FRAME switch energizes relays K1 and 
K2. Contacts on K2 place a ground potential on the 
input of the differential amplifier. The integrating 
capacitor discharges through this path, in prepara­
tion for new misframe detection. 

(e) If traffic is being received at the A chan­
nel Receiver Code Converter. The automatic posi­
tion of the AUTO-MANUAL FRAMING switch will 
only serve to provide a continuous series of pulses 
to be added. In this case, there is no automatic 
framing. 

(4) SPECIAL SIGNAL DETECTION CIRCUITS 

(a) The set and reset outputs (1 and 0) from 
the storage flip-flops are coupled to special AND 
gates (AG-1 and AG-2) for the detection for special 
characters. AG-1 is designed for the detection of 
the Z character, and AG-2 for the detection of the 
C character. The purpose of these circuits is to 
cause a misframe alarm should a series of C's or 
Z's, or combination of the two be received at the 
storage flip-flops. 

(b) AND gates AG-1 and AG-2 are enabled by 
the reset output (0) of the set number six element 
flip-flop. If the storage flip-flops have the charac­
teristics of C or Z, the appropriate AND gate ap­
plies to 0 voltage level to OR gate OG-1. The 
output of this gate is amplified in current by CD-2 
and sets the first stage of a three stage alarm 
counter (FF-3, FF-4, and FF-5). 

(c) The output of the current driver is also 
inverted by IV -4, to enable negative AND gates 
AG-3 and AG-4. If eight successive C's or Z's or 
a combination of the two are received as inputs, to 
the AND, C and Z gates, the output of AG-5 goes to 
a -6 volt level to drive inverter IV -3. The output 
of IV -3 enables the misframe circuits. 

4-18. RECEIVER CODE CONVERTER, TEST 
DATA 

a. Tables 4-15 and 4-16 list the steps to be per­
formed to localize Receiver Group failures to the 
Receiver Code Converters. If a specific receiver 
difficulty does not appear in this table, refer to the 
trouble shooting information given in the test data 
sections for the Synch Unit and Receiver Mux-De­
mux. 

NOTE 

The trouble shooting chart of Tables 
4-15 and 4-16 will localize the fail­
ure to a specific board in a specific 
Receiver Code Converter. When the 
functional section has been located, 
immediate repair is effected by the 
replacement of that printed circuit 
board which contains the faulty section. 

TABLE 4-15. TROUBLESHOOTING, RECEIVER CODE CONVERTER 

TEST PRELIMINARY 
STEP POINT ACTION 

1 Local printers are 
receiving garbled copy. 

2 Observe the indica-
tion of meters M1 and 

4-60 

NORMAL 
INDICATION 

Printers should 
receive good copy. 

The REC ElVER 
CRYSTAL meter 

NEXT STEP 

The distant terminal may be defective. 
If verification indicates the distant 
terminal is functioning properly, pro-
ceed to step 2 or step 4. 

If the indications are normal, the 
f::tilure is_in the Receiver Code Con-
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( TABLE 4-15 (Cont'd) 

TEST PRELIMINARY NORMAL 
STEP POINT ACTION INDICATION I NEXT STEP 

2 M2 on the Synch Unit. M2 should kick at verters or the Receiving Mux-
(Cont'd) intervals, and the MUX Demux , proceed to step 3. 

line current meter 
should vibrate. If the indications are abnormal, 

refer to the trouble shooting 
charts for the Synch Unit. 
Table 4-12. 

3 I I Observe the indica- The meter should If the indications are normal, 
tions of meter M1 on pulse at the chan- the failure is in the Receiver 
the Receiver Mux- nel rate. Code Converter, proceed to 
Demux. step 5. 

If the indication is not normal, 
refer to the trouble shooting 
charts for the Receiver Mux-
Demux, Table 4-6. 

4 I I Only one channel is All channels should The failure is in the Receiver 
receiving garbled receive good copy. Code Converter, proceed to 
copy. st ep 5. 

5 I � Connect the neon sig- All neon lamps should If the indicator is normal, proceed 
nal indicator to test illuminate and extin- to step 15. 
point J8. Supply an guish at the character 

( I I I all works input to rate. 

I 
If any single lamp fails to be 

the Receiver Code illuminated, proceed to step 17. 
Converter. 

If any single lamp fails to ex-
tinguish, or is erratic in opera-
tion, proceed to step 16. 

If all the lamps fail to extinguish, 
proceed to step 6. 

6 I 0 I Connect the B verti- The waveform If the waveform is normal, the 
cal input of an osc- should be as shown SS oscillator and squaring am-
illoscope to test point on figures 4-35 and plifier are functioning, proceed 
J4 on printed circuit 5-21. to step 9. 
board A2. Connect 
the A vertical input If the waveform is abnormal, 
and the external trig- proceed to step 7. 
ger input to the out-
put of the start con-
trol gate. 

7 I 0 With the oscilloscope The waveform If the waveform is normal, the 
connected as in step should be as step oscillator clamp and control 
6, connect a jumper 6, but free running. amplifier has failed. Make re-
from the junction of pairs as indicated. Remove 
R19 and CR6 to the the jumper. 
end of R5 nearest the 
left side of printed If the waveform is abnormal, 
circuit board A2. proceed to step 8, leaving 

the jumper in place. 

l I 8 10) Connect the vertical The waveform If the waveform is normal, the 
input of the oscillo- should be as shown malfunction is in the squaring 
scope to test point on figures 4-35 and amplifier. Make repairs as 
J3 on printed circuit 5-71. indicated and remove the jumper. 
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Table 
4-15 

STEP 

8 
(Cont'd) 

9 

10 

11 

12 

13 

14 

15 

16 

4-62 

TEST 
POINT 

® 

0 

® 

0 

0 

0 

0 

® 

PRELIMINARY 
ACTION 

board A 2. 

Connect the vertical 
input of the oscillos-
cope to junction of the 
collector of Q15 and 
R23 on printed circuit 
board Al. 

Connect the vertical 
input of the oscillo-
scope to test point 
J1 on printed circuit 
board Al. 

Connect a voltmeter 
to the collector of 
each ring element. 

Connect the vertical 
input of the oscillo-
scope to test point 
J1 on printed circuit 
board A2. 

Connect the vertical 
input of the oscillo-
scope to the junction 
of the collector of 
Q1 and R1 on printed 
circuit board A2. 

Connect the vertical 
input of the oscillo-
scope to test point J2 
on printed circuit 
board A2. 

Check the indication 
of the line current 
meter. 

Connect the vertical 
input of the oscillo-
scope to base, in turn, 
of Q1, Q3, Q5, Q7, 
and Q9 on printed cir-
cuit board A3. 

NA VSHIPS 94376(A) 

TABLE 4-15 (Cont'd) 

NORMAL 
INDICATION 

The waveform 
should be as shown 
on figures 4-35 and 
5-71. 

The waveform 
should be as shown 
on figures 4-35 and 
5-71. 

The ring should be 
cycling, so that the 
meter deflects at the 
character rate. 

The waveform 
should be as shown 
on figures 4-35 or 
5-71. 

The waveform 
should be as shown 
on figures 4-35 or 
5-71. 

The waveform 
should be as shown 
on figures 4-35 or 
5-71. 

Meter should read 
approximately 50 
rna or a 60 rna cir-
cuit. 

The waveform 
should be as shown 
on figures 4-35 or 
5-71. 

AN/UGC-1A 
TROUBLESHOOTING 

NEXT STEP 

If the waveform is abnormal, 
the malfunction is in the 
start-stop oscillator, make 
repairs as indicated and re-
move the jumper. 

If the waveform is normal, pro-
ceed to step 10. 

If the waveform is abnormal, 
the distributor drive amplifier 
has malfunctioned. Make re-
pairs as indicated. 

If the waveform is normal, pro-
ceed to step 12. 

If the waveform is abnormal, 
proceed to step 11. 

If any element voltage reading 
does not flicker, the failure is 
in the start-stop distributor. 
Make repairs as indicated. 

If the waveform is normal, 
proceed to step 13. 

If the waveform is abnormal, 
the malfunctions is in the 
traffic flip-flop clock current 

I 
driver or start control gage. 
Proceed to step 13. 

If the waveform is normal, the 
failure is in the start control 
gates. Proceed to step 14. 

If the waveform is abnormal, 
the failure is in the clock 
current driver. Make repairs 
as indicated. 

If the waveform is not normal, the ! 

malfunction is in the diodes which 
make up the signal gates. Make 
rr�pairs as indicated. 

If the indication is abnormal, the 
malfunction is in the output current 
drives, inverters, or keyer line 
s w i tch . Make repairs as indicated. 

I 
If the indication is normal, proceed 
to step 7. 

If the indication is abnormal, check I 

the operation of the start-stop 
distributor as indicated in step 11. I 
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TEST PRELIMINARY 
STEP POINT ACTION 

16 
(Cont'd) 

17 

0 
Connect the vertical 
input of the oscillo-
scope to the bases, in 
turn, of Q2, Q4, Q6, 
Q8 and Q1 0 of printed 
circuit board A3. 

NA VSHIPS 94376(A) 

TABLE 4-15 (cont'd) 

NORMAL 
INDICATION NEXT STEP 

Make repairs as indicated. 

The waveform If the indication is normal, 
should be as the malfunction is in the 
shown on figures corresponding flip-flop 
4-35 or 5-71. which is remaining in the 

set as reset condition. Make 
repairs as indicated. 

TABLE 4-16. TROUBLE SHOOTING, ALARM CIRCUITS 

STEP 

1 

2 

3 

4 

5 

ORIGINAL 

TEST 
POINT 

0 

0 

0 

0 

PRELIMINARY 
ACTION 

Equipment does not 
indicate misframe, 
although garbled 
information is being 
received. 

Connect the vertical 
input of the oscillo­
scope to test point 
J1 on printed circuit 
board A5. Misframe 
the system with all 
Receiver Code Con­
verter switches in the 
TRAFFIC position. 

Connect the vertical 
input of the oscillo­
scope to test point 
J2 on printed circuit 
board A5. 

Connect the vertical 
input of the oscillo­
scope to test point 
J3 on printed circuit 
board A5. 

NORMAL 
INDICATION 

Equipment should 
misframe and lock 
up. 

The system should 
alarm. The wave­
form should be as 
shown on figures 
4-37 or 5-71. 

The waveform 
should be as shown 
on figures 4-37 or 
5-71. 

The waveform 
should be as shown 
on figures 4-35 or 
5-71. 

Connect the voltmeter 

I 
The meter should 

to test point J4 on indicate zero. 
printed circuit board 
A5. 

NEXT STEP 

If the input is a constant 
C, Z or combination of the 
two, proceed to step 6. If 

the input is other, proceed 
to step 2. 

If the waveform is normal, pro­
ceed to step 3. 

If the waveform is abnormal, 
the malfunction is in the number 
six element flip-flop or the 
start control gages. Make 
repairs as indicated. 

If the waveform is normal, 
proceed to step 4. 

If the waveform is abnormal, 
the malfunction is in the mis­
frame alarm OR gate, or invert­
er amplifier. Make repairs 
as indicated. 

If the waveform is normal, pro­
ceed to step 5. 

If the waveform is abnormal, 
the malfunction is in the inverter 
amplifier, or integration circuit. 
Make repairs as indicated. 

If the reading is correct, relay 
K1 is malfunctioned. Replace. 

If the meter reading pulses to 
-6 volts, check diode CR7 and 
replace. 

If the reading is not normal, 
the malfunction is in the differen­
tial amplifier, level senser, or 

Table 
4-15 
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Table 
4-16 

STEP 

5 
(Cont'd) 

6 

7 

8 

9 

TEST 
POINT 

0 

0 

PRELIMINARY 
ACTION 

Connect the vertical 
input of the oscillo-
scope to test point 
J1 on printed circuit 
board A6. Frame the 
system, feed the 
series CZ, CZ, CZ 
etc to the input. 

Same as step 6, but 
connect the vertical 
input of the oscillo-
scope to test point 
J2 on printed cir-
cuit board A6. 

As step 6, but con-
nect the vertical 
input of the oscillo-
scope to the junction 
of collector Q6 and 
R28 on printed cir-
cuit board A6. 

As step 6, but con-
nect the vertical 
input of the oscillo-
scope to the junction 
of collector Q6 and 
R38 on printed cir-
cuit board A6. 

NA VSHIPS 94376(A) 

TABLE 4-16 (Cont'd) 

NORMAL 
INDICATION 

The waveform 
should indicate 
a step function. 

The waveform 
should indicate 
a step function. 

The waveform 
should indicate 
a step function. 

The waveform 
should indicate 
a step function. 

AN/UGC-1A 
TROUBLESHOOTING 

NEXT STEP 

alarm signal inverter. Make 
repairs as indicated. 

If the waveform is normal, pro-
ceed to step 7. 

If the waveform is abnormal, 
the malfunction is in the'C" 
AND gate. Make repairs as 
indicated. 

If the waveform is normal, 
proceed to step 9. 

If the waveform is abnormal, 
the malfunction is in the z 

ANI? gate. Make repairs as 
indicated. 

If the waveform is normal, 
proceed to step 9. 

If the waveform is abnormal, 
the malfunction is in the C Z 
OR gate, current driver, or 
binary counter. Make re-
pairs as indicated. 

If the waveform is abnormal, 
the malfunction is in the binary 
AND gate, or inverter. Make 
repairs as indicated. 

- ·-

b. The only test equipment required for the use 
of Tables 4-15 and 4-16 is the test equipment listed 
in Table 4-2. 

indicators of the Receiver Code Converters. Col­
umn two list the position of the component on the 
drawer. Column three lists the normal indication 
of the indicator. 

c. Table 4-17 is a list of the controls and 

TABLE 4-17. RECEIVER CODE CONVERTER, CONTROLS AND INDICATORS 

CONTROL LOCATION NORMAL POSITION REMARKS 

Line Current Front Panel 20-25 rna. or 60-65 rna. The line current meter read-
Meter, M1 ing depends upon the present 

current level. 

The adjustment of the LINE 
rheostat will affect the indica-
tion of the meter. If zero line 
current is indicated in a known 
good Receiver Code Converter, 
check fuse F1 as explained in 
paragraph 3-6 e. 

I 
I 
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Table 
4-17 

TABLE 4-17 (Cont'd) 

CONTROL LOCATION NORMAL POSITION REMARKS 

WPM switch S1 Internal 60, 75, or 100 as The setting of this control 
required. must agree with the wpm 

mode of the Multiplex 
signal. 

LOCKUP ALARM Front panel TRAFFIC The LOCKUP and A LA RM 
DISABLE switch disable positions of the 

I switch are used for special

. J 
procedures only. Refer to 
section three. 

d. Table 4-18 is a list of the adjustment and 
alignment procedures which affect the operation of 
the Receiver Code Converter. The actual proce -

dures are given in Section 5, in the para­
graphs noted in column three of the table. 

TABLE 4-18. RECEIVER CODE CONVERTER, ADJUSTMENT AND ALIGNMENT PROCEDURES. 

ADJUSTMENT CIRCUIT REFER TO 

LINE RHEO Output keyer Paragraph 5-4 e (1) 

CLAMP CONTROL Start-stop oscillator Paragraph 5-4 e (2) 

FEEDBACK CONTROL Start-stop oscillator Paragraph 5-4 e (3) 

FREQUENCY Start-stop oscillator Paragraph 5-4 e (4) 

ALARM THRESHOLD Framing circuits Paragraph 5-4 e (5) 

e. The logic block diagrams for the Receiver 
Code Converter are shown on figures 4-35 and 4-37. 
The interconnecting wiring information and the 
schematic diagram for this drawer are shown on 
figures 5-65 and 5-70. Figures 5-50 and 5-51 show 
the position of all adjustment controls and indica­
tors. Test jacks for the individual circuits are 
shown on figures 5-52 through 5-56. 

f. The Multiplex Set is placed in the LOCAL 
TEST mode of operation by following the procedures 
given in paragraph 4-6, f. 

g. The following caution must be observed 
when performing trouble shooting procedures: 

CAUTION 

Deenergize the equipment prior to re­
moving or installing drawers. A fter 
installing the drawers allow a fifteen­
minute warmup period to ensure oscil­
lator stability. 

4-19. OSCILLATOR-POWER SUPPLY 
(See figure 5-7Z). 

a. GENERAL. - The Oscillator-Power Supply 
contains three separate functional circuits. The 

ORIGINAL 

primary purpose of the p::>wer supply is to provide 
regulated d-e bias voltages for the circuitry in the 
Receiver Group and Transmitter Group as well as 
the power supply itself. The secondary purpose of 
the power supply is to provide clock pulses for 
synchronizing the Transmitter Group and Receiver 
Group with external telegraph terminal sets. For 
the purpose of facilitating periodic checks and trou­
ble shooting of the Multiplex Unit, a frequency mea­
suring circuit is provided. This frequency monitor­
ing circuit is connected to front-panel meter M2 
FREQUENCY METER, and is read-out directly in 
words-per-minute (wpm). The schematic for all 
circuits in the power supply is shown in figure 
5-72. A detailed functional description of the cir­
cuits in the power supply follows. 

b. DETAILED FUNCTIONAL DESCRIPTION 

(1) REGULATED D-C BIAS SOURCES.- As 

shown in figure 5-72, seven regulated d-e bias vol­
tages and two unregulated a-c control voltages are 
generated by the power supply to external loads in 
the Transmitter and Receiver Groups. In addition, 
the power supply circuits also provide a-c filament 
power to the hermetically sealed plug-in module 
containing the clock oscillator. 
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(a) +12v D-C REGULATED BIAS CIRCUIT.­
A-c power (nominally 115v a-c at 60 cps) is applied 
through self -indicating fuses on both sides of the 
line to electrostatically shielded power transformer 
Tl. Transformer T1 has four center-tapped wind­
ings, three of which are connected to series inter­
ference suppressors (inductive types) on the high and 
low sides of the windings. Since all d-e bias and 
a-c control voltages are derived from the a-c power 
source, the detailed functional description of the re­
maining bias and control voltages will not discuss 
the a-c power input. The a-c voltage from the first 
transformer Tl winding is rectified by center-tapped 
full wave rectifier CR3/CR4, and the 120 cps ripple 
is filtered by a T-type RC filter network. The d-e 
voltage is then regulated by a zener shunt regulator 
(CR7;R18). The regulated +12 volts is then genera­
ted as an output and fed through position three of the 
D. C. VOLTS switch S2 (wafer A) to VOLTS, D. C. 
meter M1 for visual monitoring. 

(b) +50v D-C REGULATED BIAS CIRCUIT.­
The third winding of transformer T1 is coupled to 
center-tapped full-wave rectifier A1CR1/ A1CR2, 
rectified, and filtered by an "inverted:-L" RC rip­
ple filter. The filtered d-e is then regulated by a 
zener shunt regulator (CR8/R19). The regulated 
+50 volts is then generated as an output, and fed to 
the D. C. VOLTS switch S2 and the +37 volts cir­
cuit discussed below. The +50 volts is fed through 
position one of switch S2 (wafer A) to VOLTS, D. C. 
meter M1 for visual monitoring. 

(c) +37v D-C REGULATED BIAS CIRCUIT.­
The output of the zener shunt regulator (CR8/R19) 
used to regulate the +50 volt bias is fed to voltage 
divider network A1R9/R12/ A1R10. Potentiometer 
R12 is set to select +37 volts for bias. The +37 volt 
bias is then fed to terminal two of the D. C. VOLTS 
switch S2 (wafer A) and to the power supply output. 

(d) -12v D-C REGULATED BIAS CIRCUIT.­
The first winding of transformer T1 is coupled to 
center-tapped full-wave rectifier CR1/CR2, which 
is in parallel with center-tapped full-wave rectifier 
CR3/CR4. The rectified output of CR1/CR2 is fil­
tered of its 120 cps ripple by a choke-input LC fil­
ter, and coupled to the inputs of the d-e reference 
source (A2Q3-A2Q8) and the transistor series regu­
lator Q1-Q3. The d-e reference source is a group 
of error-sensing amplifiers, to generate the error­
signal voltages to all transistor series regulators 
with the voltage being regulated in the transistor 
series d-e regulators. The d-e reference source 
generates a -12 volts reference to transistor series 
regulator Q1-Q3. The transistor series regulator 
compares the -12 volt reference with the input re­
ceived from the choke-input LC ripple filter. The 
transistor series regulator then maintains an output 
voltage equal to the -12 volt reference. The regula­
ted -12 d-e output is then generated to the output of 
the power supply, the transistor series regulator 
Q5, input, and the fifth position of the D. C. VOLTS 
switch S2 (wafer B) for visual monitoring a VOLTS 
D. C. meter Ml. 

4-66 

(e) -6v D-C REGULATED BIAS CIRCUIT.­
The output of transistor series regulator Q1-Q3 is 
coupled to the input of transistor series regulator 
Q5. The input is a regulated -12 volts d-e, which 
is regulated a second time to provide a constant -6 
volt d-e source. The regulated -6 volt bias appears 
at the transistor series regulator Q5 output. The -6 
volt bias is then generated as a power supply output, 
and is also coupled to the sixth position of the D-C 
VOLTS switch S2 (wafer C) for visual monitoring by 
VOLTS, D-C meter Ml. 

(f) +1. 5v D-C REGULATED AND FILTERED 
BIAS CIRCUIT.- The source of the +1. 5 volt bias is 
transistor series regulator Q1-Q3. The voltage is 
developed across a resistor network, through which 
the current is maintained constant. Therefore, a 
+1. 5 volt d-e regulated bias is obtained. The regu­
lated bias is then sent to the power supply output and 
the fifth position of D-C VOLTS switch S2 (wafer B) 
for visual monitoring on VOLTS, D-C meter Ml. 

(g) +6v D-C REGULATED BIAS CIRCUIT.­
The second transformer T1 secondary winding is 
coupled to center-tapped full-wave rectifier CR5/­
CR6. The rectified output of CR5/CR6 has the 120 
cpx component filtered out by an inverted-L RC 
ripple filter. The filtered d-e is coupled to the 
input of transistor series regulator Q4. This trans­
istor series regulator compares the ripple filter 
output with the +6 volt reference received from the 
d-e reference source (A2Q3 - A2Q8), and generates 
a +6 volt regulated output. This output is sent to 
the power-supply output terminals and the fourth 
position of the D-C VOLTS switch S2 (wafer B) for 
visual monitoring on VOLTS, D-C meter Ml. 

(h) A-C BIAS CIRCUITS.- The first and 
fourth windings (secondary) of transformer T1 
provide a-c voltages for control and heating functions. 
The first transformer winding is tapped-off follow­
ing the series interference suppressors (high and 
low side leads) to provide 24 volt a-c (48 volt a-c 
center-tapped) for alarm buzzer power. The 24 
volt a-c line to the alarm buzzers can be deactivated 
by placing the BYPASSED switch S3 on the power 
supply front panel in BYPASSED position. When this 
is done, only the ALARM panel lamps will light. 
This condition is indicated when the BYPASS ED 
panel lamps will light. This condition is indicated 
when the BYPASSED panel lamp illuminates, indi­
cating that the buzzer alarm is bypassed. The 
fourth (secondary) winding of transformer T1 is 
used to provide 12. 6 volt a-c for the clock-oscil­
lator-module (oven) heater. The voltage illumi­
nates the POWER panel lamp to indicate that a-c 
power is present. The CRYSTAL OVEN panel 
lamp is in series with the 12. 6 volt a-c line to the 
clock-oscillator-module heater, and is illuminated 
whenever the power supply is operating, as long as 
the clock oscillator module has not be removed. 

c. CLOCK PULSING GENERATING CIRCUITS.­
The clock pulse generating circuits, are comprised 
of four functional elements. These functional 
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4-19c 

elements are: clock oscillator in (hermetically -
sealed crystal-oven module), switching amplifier 
A3Q5, bistable multivibrator A3Ql/ A3Q2, and bi­
stable multivibrator A3Q3/ A3Q4, the last three 
aforementioned functional elements are referred 
to as amplifier Q5, flip-flop 1, and flip-flop 2, re­
spectively. The clock oscillator generates an appro­
priate sinusoidal output for the word-per-minute 
rate set at the Terminal, Telegraph Set. The fre­
quency of the cl9ck oscillator can be varied exter­
nally by the FREQ ADJ capacitor, C12, mounted 
behind the front panel of the Oscillator Power Sup­
ply. The output of the clock oscillator is coupled 
to amplifier Q5 's input. The negative going peaks 
of the clock oscillator output cause amplifier Q5 to 
saturate causing a decayed square wave to appear 
at amplifier Q5 's output. This output is coupled to 
the symmetrically-triggered complementary flip­
flop 1 to advance a state ("count 1"). The output 
of flip-flop lis square wave, the leading edges of 
which cause flip-flop 2 to advance a state every 
other "count" of flip-flop 1. The two identical 
flip-flops serve as a counter, with a capacity of 
four counts until the output of flip-flop 2 is reset 
at the same time flip-flop 1 is reset (original con­
dition). In effect, the two flip-flops divide the fre­
quency of the clock oscillator by four. The output 
of flip-flop 2 is coupled to the output terminals of 
the power supply, and is generated to the Trans­
mitter and Receiver Groups as required. 

d. FREQUENCY MONITOR CIRCUIT.- The 
frequency monitor circuit consists of a high-impe­
dance emitter-follower amplifier A2Q1, and 
FREQUENCY METER M1. To monitor the word 
speed frequency, FREQ METER jack A2J5 is con-

ORIGINAL 

nected to start-stop oscillator 2A1A2Q4's test jack 
2A1A2J3 (in the Synch Unit) after the start-stop 
oscillator control circuitry is disabled (permitting 
the start-stop oscillator to run freely). The sinu­
soidal output of the start-stop oscillator in Synch 
Unit) is then impedance-matched through amplifier 
Q1 to meter Ml. Amplifier Q1 prevents meter Ml 
from loading the output of start-stop oscillator 
2A1A2Q4. The frequency of the start-stop oscilla­
tor can then be read directly from meter M1 in 
words-per-minute. The frequency monitor circuits 
are used mainly for self checks of the terminal test 
set, and such troubleshooting as required. Other 
circuits in the Multiplex Set which employ the same 
frequency as the start-stop oscillator may be 
checked. 

e. A-C POWER HANDLING CIRCUITRY.- The 
a-c power handling circuitry is straight-forward. 
The only difference from a standard a-c power sup­
ply is the series -inductance-type interference fil­
ters connected in the high and low sides of power 
transformer T1's secondary windings, with the 
exception of the fourth secondary winding that sup­
plies the a-c control and crystal-oven heater power 
(24 volt a-c, 12. 6 volt a-c, center-tapped feed 
respectively). Fused (five amp) dual convenience 
outlets are provided, both coupled in parallel with 
power transformer T1 's primary winding, for 
attaching ancillary equipment as required. The 115 
volt a-c input across power transformer T1 's pri­
mary is fused on both sides of the line, and has 
self-indicating fuse posts which are illuminated 
when the fuse blows. 
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Figure 4-27. Simplified Schematic, Add and Subtract Circuits 
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Figure 
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Figure 
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Figure 5-61. Mux-Demux, Printed Circuit Board A3 
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Figure 5-62. Mux-Demux, Printed Circuit Board A4 
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Figure 5-63. Mux-Demux, Printed Circuit Board A5 
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Figure 5-64. Code Converter Indicator, Printed Circuit Board 3A.1A9Al 
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