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T.O, 31XV1-2FCC-102

INTRODUCTION

This publication is the /éervice manual for
the AN/FCC-17 class 8f frequency-division
multiplex equipment, which can combine

as many as 600 4-kc wide communication
channels into a baseband signal for trans-
mission over a point-to-point radio link,

This manual covers ‘three standard multi-
plexer sets having different maximum chan-
nel capacities: AN/FCC-21, 60 channels;
AN/FCC-22, 240 channels; and AN/FCC-17,
600 channels. (In this manual, data for the
three multiplexer sets will usually be given
in order of channel capacity rather than
nomenclature.) The manual also covers
some special variations of major compo-
nents which were designed for nonstandard
configurations of the multiplex equipment.

The service manual consists of five chapters
bound in one volume. Chapter 1 contains
general information, the installation phase
is covered in Chapter 2, and operating
instructions are found in Chapter 3. The
principles of operation are described in
Chapter 4, and Chapter 5 provides instruc-
tions for maintenance at the organizational/
field level,

The following additional multiplexer set
publications should be used in support of the
data in this manual:

Alignment manual,
T.0. 31W1-2FCC-109

Circuit Diagrams manual,
T.0O. 31W1-2FCC-103

I1lustrated Parts Breakdown manual
T.0O. 31W1-2FCC-104

Preventive Maintenance Workcard set,
T.0. 31W1-2FCC-106WC-1

Publications for the transmission test set
(Telephone Test Set AN/GCM-2 or AN/FCM-
8), which is part of the multiplexer set, are
as follows:

Service, Circuit Diagrams, and IPB
manual, T.O. 33A1-15-1-142 (TM 11~
6625-1779-15, NAVSHIPS 0967~-337-7040)

Preventive Maintenance Workcard set,
T.0. 33A1-15-1-146WC-1
(NAVSHIPS 0967-337-7050)

Publications governing the use of abbrevia-
tions, symbols, reference designations, and
terms used in the preparation of this manual
are as follows:

MIL-T-9941, Technical Manuals: Ground
C-~E Equipment, Facility, Site, and
System, Preparation of

MIL-STD-~12, Abbreviations for
Use on Drawings and in Technical -
Type Publications

MIL-STD-15-1, Graphic Symbols for
Electrical and Electronics Diagram

MIL-STD-16, Electrical and Electronic
Reference Designations

MIL-STD-188, Military Communication
System Technical Standards

AFM 100-89, Communications-
Electronics Terminology

Xi
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848~ 00848 - 02

Figure 1-1. Typical Multiplexer Set
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CHAPTER 1
GENERAL INFORMATION

1-1, DESCRIPTION AND PURPOSE.

1-2, EQUIPMENT FUNCTION.

1-3., The AN/FCC-17 class of multiplex
equipment is principally used as a carrier
telephone terminal in a communications
system that employs line-of-sight (micro-
wave) or tropospheric scatter radio trans-
mission. It may also be adapted to coaxial
cable systems by the use of suitable line
equipment.

1-4, Although the primary application of
the multiplex equipment is in a permanent
location such as a telephone office, the
equipment is capable of operation in other
installations (a tactical shelter, for ex-
ample) where a suitable environment can
be maintained.

1-5. By the frequency-~division multiplexing
process, the equipment combines as many
as 600 voice frequency channels into a com-
posite baseband signal (with 4-kc channel
spacing) for application to the radio trans-
mitter; by the reciprocal process of de-
multiplexing, the individual vf channels are
recovered from the baseband signal output
of the radio receiver. The translation be-
tween voice frequency and baseband fre-
quency is accomplished by three successive
steps of amplitude modulation (or demodula-
tion), each step utilizing one sideband while
suppressing the carrier frequency and the
other sideband.

1-6. The message information that can be
transmitted over the multiplex channels
includes speech, signaling, high-speed

teletype, digital data, and graphics. All
channels may be loaded with data signals at
-5 dbmO per channel.

1-7. EQUIPMENT CONFIGURATIONS.

1-8. In the AN/FCC-17 class of multiplex
equipment, the three standard types of
multiplexer sets and their maximum chan-
nel capacities are:

a. AN/FCC-21: 60 channels &
b. AN/FCC-22: 240 channels
c. AN/FCC-17: 600 channels o

Each type has a basic configuration pro-
viding a minimum of channels. By adding
components or racks of equipment to the
basic configuration, the channel comple-
ment can be increased incrementally up to
the maximum capacity.

1-9. Figure 1-1 shows a typical multiplexer
set. Equipment racks making up the three
standard multiplexer sets in their maximum
configurations are identified in figure 1-2,
and the major components on the racks are
called out in figures 1-3, 1-4, and 1-5.

1-10. MULTIPLEXER SET AN/FCC-21.
The basic multiplexer set has 12 vf channels
and is expandable in increments of 12 trans-
mit or receive channels to its maximum
capacity of 60 duplex channels., Two 7-foot
equipment racks are required; a transmis-
sion test set is mounted on one of the racks.

1-1
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AN/FCC-21I AN/FCC-22
RACK RACK RACK RACK RACK RACK RACK RACK
1 2 ) 2 3 a 5 6
common | cHANNEL COMMON GR/SGR
EQUIPMENT | EQUIPMENT [ EQUIPMENT | EQUIPMENT CHANNEL EQUIPMENT
TRANSMISSION
TEST SET
AN/FCC-17
RACK RACK RACK
1 2 3
coMMON | GR/SGR Mx | GrR/SGR DMX
EQUIPMENT | EQUIPMENT | EQUIPMENT
TRANSMISSION
TEST SET
RACK RACK RACK RACK RACK RACK RACK RACK RACK RACK
4 6 8 10 12 5 7 9 u 13
CHANNEL MULTIPLEX EQUIPMENT CHANNEL DEMULTIPLEX EQUIPMENT
B49-16517

Figure 1-2,

Identification of Equipment Racks
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RACK | RACK 2
COMMON EQUIPMENT CHANNEL EQUIPMENT
| TERMINAL EOARD PANEL a4 | TERMINAL BOARD PANEL 44
1 Al ]
| TERMINAL BOARD PANEL ] | TERMINAL BOARD PANEL _|
A2 40 A2 %0
B FUSE PANEL ] FUSE PANEL 790-11571-01
790-11574-01
B | | POWER SUPPLY SHELF
POWER SUPPLY SHELF 35 135
B CHANNEL CARRIER |
SUPPLY SHELF
B N CHANNEL DEMULTIPLEXER _|
SHELF
TRANSMISSION 30 ! 130
— TEST SET -
= ] = 2 ]
HANDSET PATCH PANEL
| MASTER ALARM PANEL  —{?° L 3 I
| LINE CONNECTOR PANEL | - _
| SGR 1 OR 1A | SGR 1 OR 1A | [~ 4 ]
MOD TRAY DEM TRAY a0 20
GR JK (RCVG) 790-07832-01 B ]
GR JK (XMTG) 790-07832-01 5 T
|_GROUP DEMULTIPLEXER SHELF— " GROUP PILOT _
ALARM SHELF
| GROUP MULTIPLEXER SHELF —' | CHANNEL MULTIPLEXER _|'S
SHELF
L ; ]
MASTER FREQUENCY
[ GENERATOR SHELF ] [~ =
B [{e] B 2 7 10
| GROUP CARRIER ] [ ]
GENERATOR SHELF
GROUP CARRIER B 3 n
- SUPPLY SHELF .
5 5
| . | a _
- STORAGE CABINET —
| B 5 1,

849-16518




RACK 1
COMMON EQUIPMENT

TERMINAL BOARD PANEL

TERMINAL BOARD PANEL
A2

TERMINAL BOARD PANEL

B POWER SUPPLY SHELF
|- NO. |

40

35

[— POWER SUPPLY SHELF

FUSE PANEL
790-12601-01

30

I~ POWER SUPPLY SHELF

25

|- MASTER ALARM PANEL

MASTER FREQUENCY
GENERATOR SHELF

“leo

SGR CARRIER
GENERATOR SHELF

B SGR CARRIER
- SUPPLY SHELF

GROUP CARRIER
GENERATOR SHELF

GROUP CARRIER
[~ SUPPLY SHELF

GROUP CARRIER
AMPLIFIER SHELF

- SGR CARRIER
|~ AMPLIFIER SHELF

= STORAGE CABINET

RACKS 3 AND 5 ONLY,

RACK 2
GR/SGR EQUIPMENT

TERMINAL BOARD PANEL

T.0. 31W1-2FCC-102

44

| TERMINAL BOARD PANEL
A2

40

TERMINAL BOARD PANEL
A

FUSE PANEL
790-11501-01

35

SGR DEMODULATOR
COMBINING PANEL

SGR MODULATOR
» COMBINING PANEL

SGR JACKFIELD

30

25

[~ 790-11573-01
| SGR 1 SGR 1
MOD TRAY DEM TRAY ]
SGR 2 SGR 2
[~ MOD TRAY DEM TRAY
SGR 3 SGR3 |
MOD TRAY DEM TRAY
SGR 4 SGR 4
[~ MOD TRAY DEM TRAY ]

GR_JK (RCVG) 790-11503-0i

GR JK XMTG) 790-11503-01

_GROUP DEMULTIPLEXER SHELF |

4

| GROUP MULTIPLEXER SHELF _|
i

RACK 3 HAS A CHANNEL CARRIER SUPPLY SHELF INSTEAD OF A

CHANNEL CARRIER AMPLIFIER SHELF,

849 -i16519

Figure 1-4, Identification of Major Components on Multiplexer Set AN/FCC-22

=

RACKS 3, 4, 5, 6
CHANNEL EQUIPMENT

| TERMINAL BOARD PANEL _}44
Al
| TERMINAL BOARD PANEL
A2 40
FUSE PANEL 790-11571-01
POWER SUPPLY SHELF
35
CHANNEL CARRIER
AMPLIFIER SHELF
| CHANNEL DEMULTIPLEXER _|
SHELF
» | s
- ) _
B les
| 3 ]
- 4 ]
JZO
- 5 ]
| GROUP PILOT
ALARM SHELF I
| CHANNEL MULTIPLEXER 15
SHELF
= 1 -
B 2 7 10
- 3 -
_ -
= i
4
— 5 —
I




RACK 1
COMMON EQUIPMENT

TERMINAL BOARD PANEL
Al

TERMINAL BOARD PANEL

45

[

POWER SUPPLY SHELF
NO. |

a0

POWER SUPPLY SHELF
NO. 2

.

FUSE PANEL 790-03362-01

POWER SUPPLY SHELF
NO. 3

FUSE PANEL 790-03360-01

MASTER ALARM PANEL

30

|

11

MASTER FREQUENCY
GENERATOR SHELF

25

SGR CARRIER
GENERATOR SHELF

SGR CARRIER
SUPPLY SHELF

20

GROUP CARRIER
GENERATOR SHELF

GROUP CARRIER
SUPPLY SHELF

GROUP CARRIER
AMPLIFIER SHELF

N ) DU N N I

STORAGE CABINET

849 -16520

Figure 1-5.
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RACK 2
GR/SGR MULTIPLEX EQUIPMENT

TERMINAL BOARD PANEL
Al

TERMINAL BOARD PANEL
A2

TERMINAL BOARD PANEL
A3

SGR MODULATOR

COMBINING PANEL -

- FUSE PANEL ]
- 790-03364-~01 —

SGR JACKFIELD (XMTG)

B 790-02878-01 ]

| SGR! SGR 2
MOD TRAY MOD TRAY

SGR 3 SGR 4

MOD TRAY MOD TRAY

| SGRS5 SGR 6
MOD TRAY MOD TRAY

SGR 7 SGR 8

™ MOD TRAY MOD TRAY ]

SGR 9 SGR 10
MOD TRAY MOD TRAY

GROUP JACKFIELD (XMTG)
790-03885-01

GROUP MULTIPLEXER SHELF
B |

45

40

35

30

25

20

RACK 3
GR/SGR DEMULTIPLEX EQUIPMENT
| TERMINAL BOARD PANEL _|4s
Al
TERMINAL BOARD PANEL as
— A2 n
TERMINAL BOARD PANEL
= he .
40
| SGR DEMODULATOR
COMBINING PANEL -
B FUSE PANEL ]
- 790-03307-01 .
35
SGR JACKFIELD (RCVG® |
790-02878-02
SGR 1 SGR 2 |
DEM TRAY DEM TRAY
BETE seR 4 30
DEM TRAY DEM TRAY
| SGR 5 SGR 6 |
DEM TRAY DEM TRAY
| SGrR 7 SGR 8
DEM TRAY DEM TRAY | ,o
| SGR 9 SGR 10
DEM TRAY DEM TRAY ]
GROUP JACKFIELD (RCVG)
790-03885-01
| GROUP DEMULTIPLEXER SHELF _| 20
i
o ) .
B 3 s
5 a -
}_ 5 —
[{o}
B 6 N
= , .
B . s
— -
9
B 10 .

Identification of Major Components on Multiplexer Set
AN/FCC-17 (Sheet 1 of 2)
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RACKS 4, 6, 8, 10, 12 RACKS 5, 7, 9, 11, 13
CHANNEL MULTIPLEX EQUIPMENT CHANNEL DEMULTIPLEX EQUIPMENT
TERMINAL BOARD PANEL a8 TERMINAL BOARD PANEL 48
Al n B Al ]
TERMINAL BOARD PANEL |45 TERMINAL BOARD PANEL as
A2 — A .
FUSE PANEL 790-03358-01 | FUSE PANEL 790-03349-01
R a0 |~ POWER SUPPLY SHELF |40
| CHANNEL CARRIER CHANNEL CARRIER
AMPLIFIER SHELF . AMPLIFIER SHELF -
CHANNEL MULTIPLEXER | | CHANNEL DEMULTIPLEXER
SHELF 35 SHELF 35
— 1 — = ; ]
— 2 -~ = 2 _
| _ 30 - _ 30
- 5 _ [ 3 —
4 25 B 4 il 25
| 5 . - 5 N
B ] B GROUP PILOT B
20 ALARM SHELF 0
= CHANNEL MULTIPLEXER ] .. CHANNEL DEMULTIPLEXER
SHELF
- ; - - ; -
- ] - .
15 15
— 2 - - 2 .
- 3 ] N 3 .
B {0 B _Jo
_ . | B , ]
| 5 ., = 5 4.
| ] L |
| —4 — o
= —1 — —
] t
RACK 5 HAS A CHANNEL CARRIER SUPPLY SHELF INSTEAD OF A CHANNEL
CARRIER AMPLIFIER SHELF.
849 -16520 R

5

Figure 1-5. Identification of Major Components on Multiplexer Set
AN/FCC-17 (Sheet 2 of 2)
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1-11. The AN/FCC-21 has two optional
line frequency basebands: one is 12-252 ke
(supergroup 1A) at a -20 dbm transmitting
level (channel test tone), and the other is
60-300 ke (supergroup 1) at a -40 dbm
transmitting level.

1-12. The usual applications of the AN/
FCC-21 are in tropo systems or low density
microwave links.

1-13. MULTIPLEXER SET AN/FCC-22,
The basic multiplexer set provides 12 vf
channels in the 60-108 kc portion of the line
frequency baseband. Channel capacity is
expandable in increments of 12 transmit or
receive channels to a maximum of 240 du-
plex channels (supergroups 1 through 4).
The complete baseband is 60-1052 kc and
the transmitting level (channel test tone) is
-40 dbm.

1-14. The AN/FCC-22 occupies three
7-foot equipment racks in the basic con—
figuration and six in the maximum config-
uration., A dolly-mounted transmission
test set is also required.

1-15. Applications of the AN/FCC-22 in-
clude intersite links and trunk systems, and
wideband tropo systems.

1-16., MULTIPLEXER SET AN/FCC-17.
The basic multiplexer set provides 60 vf
channels in the 60-300 ke portion of the line
frequency baseband. Expansion is in incre-
ments of 60 transmit or receive channels to
the maximum of 600 duplex channels (super-
groups 1 through 10). The complete base-
band is 60-2540 kc and the transmitting level
(channel test tone) is -40 dbm.

1-17. In its basic configuration, the multi-
plexer set requires five 7-1/2 foot racks
and a dolly-mounted transmission test set;
expansion to the maximum configuration
increases the number of racks to 13.

1-18. The principal applications of the AN/
FCC-17 are in high-density trunk systems
and satellite communications systems.
1-19. TRANSMISSION TEST SET.

1-20. The transmission test set (Telephone
Test Set AN/GCM-2 or AN/FCM-8) which is
part of the multiplexer set, is covered in
separate technical manuals T.O. 33A1-15~
1-142 (TM 11-6625-1779-15, NAVSHIPS
0967-337-7040) and T.0. 33A1-15-1-146WC-1
(NAVSHIPS 0967-337-7050).

1-21. MULTIPLEXER SET AN/UCC-4(V).

1-22. Multiplexer Set AN/FCC-17 (also -21
and -22) is similar to Multiplexer Set AN/
UCC-4(V) and uses many of the same com-
ponents, The distinctive difference between
them is the method of channel modulation.
The AN/FCC-17 has a twin-channel modula.-
tion plan requiring only 6 channel carrier.
frequencies: two adjacent channels use the
same carrier, and the lower sideband is
selected for one zhannel and the upper side-
band for the other. The AN/UCC-4(V) has
a lower-sideband modulation plan requiring
12 channel carrier frequencies: each chan-
nel uses a different carrier and the lower
sideband is always selected.

1-23, Another important difference between
the two types of multiplexer sets is the fre-
quency and transmission level of the group
pilot: the AN/FCC-17 pilot is 64 kc at -16
dbmo0, whereas the AN/UCC-4(V) pilot is
104,08 ke at -20 dbmO.

1-24. REFERENCE TABLES.

1-25. EQUIPMENT CHARACTERISTICS. I

1-26, Table 1-1 gives leading particulars
and table 1-2 covers capabilities and limi-
tations of Multiplexer Sets AN/FCC-21,
-22, and -17.

1-7
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Table 1-1. Leading Particulars
#
PRIMARY AC POWER
Type Single phase P
Voltage 120 volts £10% Lo
Frequency 50 or 60 cps +5% (47 to 63 cps)

Maximum load (with all alarm
lamps lighted)

AN/FCC-21
AN/FCC-22
AN/FCC-17

Maximum current to individual
ac-operated components

Power supply shelf
Master alarm panel

Master frequency generator shelf
*DC POWER

Voltage

Ripple

Maximum load
AN/FCC-21
AN/FCC-22
AN/FCC-17

*DC ALARM CIRCUIT POWER

Voltage

Maximum current
AN/FCC-21
AN/FCC-22
AN/FCC-17

3.0 amperes
7.5 amperes

13.5 amperes

1.5 amperes
1.5 amperes

0.6 ampere

48 volts (+4, -2 volts) g

0.5% maximum

2,5 amperes
7.5 amperes

15.5 amperes

48 volts (30 to 50 volts)

1 ampere
3 amperes

6 amperes

*When multiplexer set operates from office battery instead of primary ac power.
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Table 1-1. Leading Particulars (Cont)

SPACE REQUIRED TO OPERATE EQUIPMENT

Ceiling height
Rack height
AN/FCC-21
AN/FCC-22
AN/FCC-17
Floor area (including clearances)
AN/FCC-21
AN/FCC-22

AN/FCC-17

EQUIPMENT WEIGHT UNCRATED

AN/FCC-21
AN/FCC-22
AN/FCC-17
Heaviest equipment rack
Lightest equipment rack

Dolly-mounted transmission test set
TRANSPORTABILITY

Surface
Air

CABLING

STORAGE

10 feet

7 feet
7 feet
7-1/2 feet

20 square feet maximum (2 racks)

70 square feet maximum (6 racks and
test set)

140 square feet maximum (13 racks and
test set)

1500 pounds (2 racks)

5000 pounds (6 racks and test set)
11,000 pounds (13 racks and test set)
960 pounds

540 pounds

225 pounds

Rail, truck, or ship
Rotary or fixed-wing aircraft

Overhead cable rack and cabling
fabricated on site

Crated equipment may be stored in any
position for two years.

Periodic maintenance is not required
during storage.

1-9
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Capabilities and Limitations

CHANNEL CAPACITY

AN/FCC-21
AN/FCC-22
AN/FCC-17

TYPE OF MODULATION

TYPE OF MULTIPLEXING
FREQUENCY BAND

Channel
Group (12 channels)
Supergroup (60 channels)
Line (baseband)
AN/FCC-21
High level
Low level
AN/FCC-22
AN/FCC-17

TRANSMISSION LEVELS

Transmitting branch
VT input
Group (60-108 kc)
Supergroup (312-552 kc)
Hf output
AN/FCC-21
High level

Low level

AN/FCC-22 and -17

60
240
600

Single sideband, suppressed carrier,
amplitude modulation

Frequency-division multiplexing

300-3500 cps
60-108 ke
312-552 ke

12-252 ke
60-300 ke
60-1052 ke
60-2540 ke

0, -4, or -16 dbm
-34.5 dbm
-18 dbm

~-20 dbm (adjustable in 0.5-db steps to
-23.5 dbm)

-40 dbm (adjustable in 0.5 db steps
between -40.5 and -37 dbm)

-40 dbm
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Capabilities and Limitations (Cont)

Receiving branch
Hf input
AN/FCC-21

AN/FCC-22 and -17

Supergroup (312-552 kc)
Group (60-108 kc)
Vi output

IMPEDANCES

VT input and output
Group (60-108 kc)
Supergroup (312-552 kc)
Hf input and output

LOAD CAPABILITY
GROUP PILOT

Frequency in group band

Transmission level

CARRIER SYNCHRONIZING PILOT

Frequency

Transmission level
CARRIER OSCILLATOR

Type
Frequency
Initial setting accuracy

Stability

-26 dbm (adjustable in 0.5-db steps to
-22.5 dbm)

-24.5 to -9.5 dbm (adjustable in 1.0-db
steps)

-28 dbm
-12 dbm

0, +1, or +7 dbm (adjustable from -20
to +10 dbm)

600 ohms balanced
135 ohms balanced
75 ohms unbalanced

75 ohms unbalanced

-5 dbmo0 data loading on all channels

64 ke
-16 dbmo0

96 ke
-16 dbmo0

Master (convertible to slave)
128 ke

1 part in 106

1 part in 106 per month

5 parts in 107 per hour
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Table 1-2. Capabilities and Limitations (Cont)

END-TO-END CHANNEL CHARACTERISTICS

(Multiplexer set looped at hf line)
Insertion loss relative to 1000 cps
325 to 3450 cps
300 to 3500 cps
Envelope delay distortion
1000 to 2600 cps
600 to 3200 cps
Single harmonic distortion
Idle channel noise

Loaded channel noise (-5 dbmO0 white
noise per channel)

Accuracy of a single frequency in
the 300 to 3500 cps band

Adjacent channel crosstalk (twin
channel loaded with 0 dbmO white
noise)

Channel transmit limiting
VTf input +3.5 dbmo0
Vf input +12.0 dbmo0

ENVIRONMENTAL CONDITIONS

i
Ambient temperature

Operating

Nonoperating and storage
Relative humidity

Operating

Nonoperating and storage
Altitude

Operéting and nonoperating

Shipment

+1.5 db
+1.5, -3.0 db

130 psec maximum

225 psec maximum

At least 40 db below fundamental
15 dba0d maximum (135 pwp0)

20 dbal maximum (400 pwp0)

+0.1 cps

20 dba0 maximum (400 pwp0)

0.35 db maximum

4,0 db minimum

-29°C to +52°C (-21°F to +125°F)
-62°C to +71°C (-80°F to +160°F)

Up to 95%
Up to 100%

Sea level to 10,000 feet
Sea level to 50,000 feet
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1-27. EQUIPMENT IDENTIFICATION.
1-28, EQUIPMENT SUPPLIED. Table 1-3
lists major components (shelves, trays, and
panels) and plug-in modules comprising the
three standard multiplexer sets in their
maximum channel configurations. Major
components are in alphabetical order by
common name with trays and modules in-
dented to show their subordination to the
shelves.

1-29, For the transmission equipment

listed below, the part numbers and type
designations appearing in table 1-3 identify
the options appropriate for the number of
active groups or supergroups in the maxi-
mum channel configurations of the multi-
plexer sets. As an example, the group pilot
alarm shelf listed for AN/FCC-21 is Control-
Monitor Group OA-4106/MCC-12 (pn 790-
01351-01), and for AN/FCC-22 and -17 it

is Control-Monitor Group OK-16/FCC; the
difference’ in the two shelves is that the
former is equipped to monitor five groups
and the latter, ten groups. Additional op-
tions providing for different numbers and
combinations of groups or supergroups may
be found in the Circuit Diagrams manual and
the Illustrated Parts Breakdown (IPB) manual.

a. Group pilot alarm shelf

b. Group multiplexer shelf

c¢. Group demultiplexer shelf

d. Supergroup modulator combining panel

e. Supergroup demodulator combining
panel.

1-30. The high-level supergroup 1A mod-
ulator tray and all of the supergroup de-
modulator trays listed in table 1-3 have
alarm control modules that monitor the
group 1 pilot. Other options are available
in which the monitored pilot is in group 2,
3, 4, or 5. The part numbers and type
designations for these other options are

in the Circuit Diagrams manual and IPB
manual,

1-31. ASSOCIATED EQUIPMENT. The
equipment described in table 1-4 was de-
signed for special applications of the AN/
FCC-17 class of equipment that could not be
provided by the standard multiplexer sets.
Most of these items are variations of stand-
ard components: for example, a power supply
shelf and master frequency generator shelf
that operate from 400-cps power instead of
the standard 50-60 cps power.

1-32. MODULES. In numerical order by
part number, table 1-5 lists modules that
are covered in separate technical manuals.
These modules are all classified as repar-
able, and unless otherwise specified, they
are of the plug-in type.

1-33. AUXILIARY EQUIPMENT. Table 1-6
identifies auxiliary equipment (used with the
multiplexer set but not part of it) and gives
the applicable technical publication,

1-34. TEST EQUIPMENT AND TOOLS.

1-35. Table 1-7 lists test equipment and
special tools that are not supplied with the
multiplexer sets, but which are needed for

installation and maintenance at the
organizational and field level.

1-36. TERMINOLOGY.
1-37. COMPONENT NAMES,
1-38. Components of the multiplexer set

are classified by size, method of mounting,
and type of electrical interface according to
the terms defined below. These terms ap-
pear in many of the common names of com-
ponents; on diagrams, they may be omitted
from the name where space is limited.

a. Rack. This term may refer to the
rack as a mounting frame, but when used
with modifiers, it means the rack and its
complement of equipment (channel equip-
ment rack, for example).

1-13
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b. Shelf. A shelf is a rack-mounted
drawer of equipment that can be extended
outward on a slide-rail mechanism without
interrupting its operation. The height of
the shelf is a multiple of 1-3/4 inches (stand-
ard rack mounting space); weights are in
the range of 15 to 90 pounds. Intra-rack
wiring enters through one or more elec-
trical receptacles at the rear of the shelf.

c. Panel. A panel is an immobile rack-
mounted chassis; panel heights are in multi-
ples of 1-3/4 inches. Intra-rack wiring is
soldered to terminals on the electrical com-
ponents of the panel.

d. Jackfield. A jackfield is a rack-
mounted chassis, similar to a panel, on
which groups of telephone jacks or coaxial
jacks are mounted. The jacks provide
access to the transmitting and receiving
circuits of the multiplexer set.

e. Tray. The multiplexer set has two
types of trays. One type (power supply tray
and master frequency generator tray) is the
major subassembly of a shelf; two identical
trays are mounted side-by-side and plug
into the shelf. The second type (supergroup
modulator tray and supergroup demodulator
tray) is similar to the first in size but uses
a different electrical interface. Two of
these supergroup trays are mounted on an
equipment support, which has slide rails
like a shelf but no electrical circuitry; intra-
rack wiring enters through electrical recep-
tacles at the rear of the tray.

f. Module. A module is an enclosed
(usually hermetically-sealed) electrical
subassembly of a shelf, panel, or tray.
Most modules have 7-pin or 9-pin headers,
which plug into mating sockets on the chas-
sis; others (usually filters and networks)
have header terminals to which soldered
connections are made.

1-39. PART NUMBERS.

1-40. The prime manufacturer's part
number has 10 digits in the form of the

1-14

following three examples: 790-12345-01, p
720-23456-05, or 791-34567-02. The last

two digits in the part number are known as

the dash number. In this manual, if the part

number of an item of equipment is specified o
with "—xx'' as a dash number, it means the
item has optional configurations and more
than one dash number may be applicable.
1-41. ABBREVIATIONS,
1-42. Because of their frequent use in this
and associated manuals, the following abbre-
viations are defined below:
BE Band elimination
DEM Demodulator
DMX Demultiplexer
COND Conductor
EQ Equalizer
EQUIP. Equipment ‘ L
FIL Filter
GR Group
GRD Ground
JK Jackfield
MFG Master frequency generator
MX Multiplexer
NET. Network
SGR Supergroup
SUP, Supply
PAR Parallel
XMFR  Transformer
1-43. TRANSMITTING AND RECEIVING.
1-44. In references to circuits or equip- ekl

ment in this and associated manuals, and in
markings on the equipment, the words trans-
mit and transmitting have the same mean-
ing; receive and receiving are also used
interchangeably.




Table 1-3, Equipment Supplied

NOTES: 1. This table includes major components (shelves, trays, panels, and jackfields)
and plug-in modules. Major components are in alphabetical order by common
name. Indention is used to show the relationship between the items listed.

2. The equipment listed and the quantities shown are for the three standard multi-
plexer sets fully equipped for their maximum channel capabilities. When
quantities are not the same, the following letter symbols are used: (A) 60-
channel AN/FCC-21, (B) 240-channel AN/FCC-22, and (C) 600-channel
AN/FCC-17. -

3. Multiplexer Set AN/FCC-21 has optional baseband frequencies and transmit-
ting levels. Equipment applicable to the two options is designated by these
symbols in the quantity column: (A-1) supergroup 1 and low transmitting
level, (A-1A) supergroup 1A and high transmitting level.

20T-0Dd2-TMIE "O°L

COMMON NAME DESCRIPTION AND
AND MFR PART NO., NOMENCLATURE QTY FUNCTION
Channel carrier amplifier shelf Amplifier-Control Group 3(B) Amplifies the six channel
790-01261-01 OA-6119/MCC-13 9O carriers and supplies them
« Alarm control « Alarm Control 2 ;’uit??:;gu:;;/folro d(;kiannel
790-01152-01 C-4286/UCC .p
multiplexer shelves,
Channel carrier amplifier » Radio Frequency Amplifier 12
790-01833-01 AM-3488/UCC
Channel carrier supply shelf Telephone Carrier Frequency 1 From an 8-kc input pulse,
790-01150-01 Supply Group OA-4126/GCC extracts the six channel
. Alarm control . Alarm Control 2 c:rr%zrz.anﬁnslﬁ 11f¥3s tif
790-01152-01 C-4286/UCC earriers pplies themm
to a maximum of 10 channel
. Channel carrier amplifier . Radic Frequency Amplifier 12 multiplexer and/or de-
790-01833-01 AM-3488/UCC multiplexer shelves. Drives
. a maximum of nine channel
L carrier amplifier shelves,
wa
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Table 1-3. Equipment Supplied (Cont)

COMMON NAME

DESCRIPTION AND

AND MFR PART NO. NOMENCLATURE QTY FUNCTION
Channel demultiplexer shelf Demultiplexer Group 5(A) Demultiplexes a 60-108 ke
790-01149-01 0A-4104/GCC 20(B) group into 12 vi channels.

50(C) Supplies a sample of the

« Channel demodulator . Carrier Frequency Demodulator 12 H;f:: ;ff:;l :Eei};efgoup

790-01071-01 MD-489/UCC piiot a‘a

monitoring,

Channel 1 bandpass filter Band Pass Filter 1

792-05101-01 F-757/UCC

Channel 2 bandpass filter Band Pass Filter 1

792-05102-01 F-758/UCC

Channel 3 bandpass filter . Band Pass Filter 1

792-05103-01 F-759/UCC

Channel 4 bandpass filter Band Pass Filter 1

792-05104-01 F-768/UCC

Channel 5 bandpass filter Band Pass Filter 1

792-05105-01 F-760/UCC

Channel 6 bandpass filter Band Pass Filter 1

792-05106-01 F-761/UCC

Channel 7 bandpass filter Band Pass Filter 1

792-05107-01

Channel 8 bandpass filter
792-05108-01

Channel 9 bandpass filter
792-05109-01

. Channel 10 bandpass filter
792-05110-01

F-762/UCC

. Band Pass Filter
F-763/UCC

Band Pass Filter
F-764/UCC

Band Pass Filter
F-765/UCC

G01-DDAZ-TMIE 'O L
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Table 1-3. Equipment Supplied (Cont)

COMMON NAME

DESCRIPTION AND

20T-DDAZ-TMIE "O°L

AND MFR PART NO. NOMENCLATURE QTY FUNQCQTION

Channel 11 bandpass filter Band Pass Filter 1

792-05111-01 F-766/UCC

Channel 12 bandpass filter Band Pass Filter 1

792-05112-01 F-767/UCC
Channel multiplexer shelf Multiplexer Group 5(A) Multiplexes 12 vf channels
790-01148-01 0A-4103/GCC 20(B) | into a 60-108 ke group.

50(C) Injects a 64-kc group pilot.

. Channel modulator Telephone Carrier Modulator 12

790-01095-01 MD-485/UCC

Bandpass filters (channels 1

through 12, same as channel

demultiplexer shelf)
Equipment rack Electrical Equipment Rack 13(C) Box-type rack 7-1/2 feet
790-02270-01 MT-2512/FCC-17 high with 48 mounting spaces.
Equipment rack Electrical Equipment Rack 2(A) Box-type rack 7 feet high
790-11337-01 MT-3480/FCC 6(B) | with 44 mounting spaces.
Fuse panel Fuse Panel 1(C) Distributes de power through
790-03307-01 SB-1298/FCC-17 58 0.18-ampere fuses,
Fuse panel TFuse Panel 5(C) Distributes dc power through
790-03349-01 SB-1296/FCC-17 12 0,25-ampere fuses.
Fuse panel Fuse Panel 5(C) Distributes de power through
790-03358-01 SB-1276/FCC-17 two 0.25-ampere fuses.
Fuse panel Fuse Panel 1(C) | Distributes dc power through

790-03360-01

SB-1297/FCC-17

13 fuses.
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Table 1-3, Equipment Supplied (Cont)

COMMON NAME

DESCRIPTION AND

supergroup) 790-02098-01

AM-3466/UCC

AND MFR PART NO. NOMENCLATURE QTY FUNCTION
Fuse panel Fuse Panel 1(C) Distributes alarm circuit
790-03362-01 SB-1294/FCC-17 power through 13 fuses.
Fuse panel Fuse Panel 1(C) Distributes dc power through
790-03364-01 SB-1295/FCC-17 38 0.18-ampere fuses.
Fuse panel Fuse Panel 1(B) | Distributes dc power through
790-11501-01 SB-2932/FCC 36 0.18-ampere fuses and
alarm circuit power through
one 0.75-ampere fuse,
Fuse panel Fuse Panel 1(A) | Distributes dc power through
790-11571-01 SB-2924/FCC 4(B) seven 0,25-ampere fuses and
alarm circuit power through
one 0,75-ampere fuse,
Fuse panel Fuse Panel 1(4) Distributes dc power through
790-11574-01 SB-2921/FCC 19 fuses (various sizes) and
alarm circuit power through
one 1.33-ampere fuse,
Fuse panel Fuse Panel 1(B) Distributes dc power through
790-12601-01 SB-2931/FCC 24 fuses and alarm circuit
power through one fuse,
-Group carrier amplifier shelf Radio Frequency Amplifier Group 1(B) Amplifies the five group
790-04072-01 AM-3157/FCC-17 (same as 1(C) carriers and the supergroup
0OG-49/UCC-4(V)) 1 (or 1A) carrier. Supplies
Alarm control Alarm Control 2 :113 rir;)fu Il) chglllepr;fﬁt?p{r;ii__
790-02295-01 C-4276/UCC and/or demultiplexer shelves.
. Carrier amplifier (group or . Radio Frequency Amplifier 12

301-0042-TMIE O L
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Table 1-3. Equipment Supplied (Cont)

COMMON NAME

DESCRIPTION AND

AND MFR PART NO. NOMENCIATURE QTY FUNCTION
Group carrier generator shelf Telephone Carrier Frequency 1 - From an 8-kc¢ input pulse,
790-02152-01 Supply Group OA-4110/GCC generates three output sig-
. Alarm control . Alarm Control 2 nalls from which the .group
790-02096-01 C—4277/UCC an .supergroup carriers are
derived.
124-kc amplifier Radio Frequency Amplifier 2
790~02098-01 AM-3466/UCC
Frequency divider Frequency Divider 1
790-02109-01 CV-1400/UCC
. Group carrier amplifier . Radio Frequency Amplifier 4
790-02082-01 AM-3465/UCC
Group carrier supply shelf Telephone Carrier Frequency 1 Produces the five group
790-02199-01 Supply Group OA-4113/GCC carriers and the supergroup
Alarm control Alarm Control 2 lr(c())tf 1:2;?5;?;'& ?:115 i i:iim
790-02295-01 C-4276/UCC group .
of 10 group multiplexer and/or
Carrier amplifier (group or Radio Frequency Amplifier 12 demultiplexer shelves. Drives
supergroup) 790-02098-01 AM-3466/UCC the group carrier amplifier
shelf.
Group demultiplexer shelf Demultiplexer Group 1(A) | Demultiplexes a 312-552 ke
790-01640-01 OA-4105/GCC 4(B) | supergroup into five 60-108
10(0) ke groups.
Group demodulator . Carrier Frequency Demodulator b)

790-01648-01

MD-488/UCC

201-DDAZ-TMIE "O°L
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Table 1-3. Equipment Supplied (Cont)

COMMON NAME

DESCRIPTION AND

NO)

AND MFR PART NO. OMENCLATURE QTY FUNCTION

Group jackfield (transmitting or Telephone Jack Assembly 2(C) Provides access to the 60~

receiving) 790-03885-01 TA-417/FCC-17 108 ke transmitting or re-
ceiving circuits of groups 1
thru 5 in supergroups 1
thru 10.

Group jackfield (transmitting or Telephone Jack Assembly 2(A) Provides access to the 60~

receiving) 790-07832-01 TA-574/FCC 108 ke transmitting or re-
ceiving circuits of groups 1
thru 5.

Group jackfield (transmitting or Telephone Jack Assembly 2(B) Provides access to the 60~

receiving) 790-11503-01 SB-2934/FCC 108 ke transmitting or re-
ceiving circuits of groups 1
thru 5 in supergroups 1
thru 4.

Group multiplexer shelf Multiplexer Group 1(A) Multiplexes five 60-108 ke

790-02062-01 OA-4114/GCC 4(B) groups into a 312-552 ke

10(C) supergroup.
. Group modulator . Telephone Carrier Modulator 5
790-02061-01 MD-486/UCC

Group pilot alarm shelf Control-Monitor Group 1(A) | In the receiving direction,

790-01351-01 OA-4106/MCC-12 monitors the 64-kc pilot in

. Alarm control Alarm Control 5 each of the five 60-108 ke

790-01322-01

C-4278/UCC

groups.

201-0042-TMIE O L
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Table 1-3. Equipment Supplied (Cont)

COMMON NAME

DESCRIPTION AND

NOMEN TURE Y

AND MFR PART NO. CLATUR QT FUNCTION

Group pilot alarm shelf Control-Monitor Group 2(B) | Inthe receiving direction,

790-01351-02 OK-16/FCC 5(C) | monitors the 64-kc pilot in

. Alarm control Alarm Control 10 each of ten 60-108 ke groups.

790-01322-01 C-4278/UCC

Handset Handset 1 Sound-powered, four-wire

747-00418-01 H-222/MCC-12 telephone handset.

Handset patch panel Communication Patching Panel 1(A) Facilitates patching Handset

790-03354-01 TA-420/MCC-12 H-222/MCC-12 to separated
vf transmitting and vf re-
ceiving jacks.

Handset patch panel Communication Patching Panel 1(B) Same as pn 790-03354-01

790-11714-01 SB-3080/UCM-~-1 1(C) | except mounted on test equip-
ment dolly with transmission
test set.

Line connector panel Impedance Matching Network 1(A-1A) | Couples the supergroup 1A

790-03029-01

CU-936/MCC-12

modulator and demodulator
trays to the hf line, In the
transmitting direction, injects
the 96-ke carrier sync pilot.
In the receiving direction,
picks off the 96-ke carrier
sync pilot. Provides 3.5 db
level adjustment in each direc-
tion. Hf line levels are -20
dbm transmitting and -26 dbm
receiving.

20T—DD04A%~TMIE "O° L
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Table 1-3. Equipment Supplied (Cont)

COMMON NAME
AND MFR PART NO.,

NOMENCLATURE

QTY

DESCRIPTION AND
FUNCTION

Line connector panel
790-03029-03

1(A-1)

Same as pn 790-03029-01
except used with supergroup 1
and has nominal hf line levels
of -40 dbm transmitting and
-26 dbm receiving.

Master alarm panel
790-02506-01

Indicator-Power Supply
ID-1077/MRC-98

Indicates minor and major
alarm conditions in the multi-
plexer set and controls ex-
ternal alarm equipment.
Supplies alarm circuit power.

Master frequency generator shelf
790-05685-01

. Master frequency generator tray
790-05683-01

. Alarm control
790~05001-01

. Local 96-kc amplifier
790-04890-01

. . 128-ke oscillator
790-02262-01

Phase detector
790-05113-01

. Pilot amplifier
790-05020-01

Telephone Carrier Ffequency
Supply TA-495/MRC-98

. Telephone Carrier Frequency
Supply Group OA-6791/FCC

Alarm Control
C-4287/UCC

. Radio Frequency Amplifier
AM-~3489/UCC

. . Radio Frequency Oscillator
0-1041/UCC

. . Radio Frequency Detector
RF-156/GCC

Radio Frequency Amplifier
AM-3491/UCC

From an internal 128-kc
crystal-controlled oscillator,
generates the 8-ke pulse from

which all carriers are derived.

May be operated in the master
or slave mode. In the slave
mode, provides mechanical
memory of the frequency
synchronizing voltage.

20I-0Dd2-TMIE 'O°L
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4-162, Figure 4-22 shows a typical syn- 4-163, If the pilot is interiupted, a memory
chronizing scheme between two terminals circuit continues to supply the correction

at opposite ends of a system. At the master voltage to the slave oscillator so that it will
terminal, using a 96-kc frequency from the remain at its last synchronized frequency.

channel carrier supply shelf, a synchro-
nizing pilot is injected into the transmitting
signal at a level of -16 dbmO. At the slave

terminal, the pilot is filtered from the re- 4-164. In more complex systems, a master
ceiving signal and sent to the master fre- terminal may directly control more than
quency generator shelf. Here, the incoming one slave terminal, and a slave terminal
pilot frequency and a local 96-kc frequency may control other slave terminals. The
frequency are compared, and if there is an synchronizing pilot may be sent over the
abnormal phase difference, a correction transmission facility to a distant terminal
voltage is generated to shift the frequency or over a local cable to another terminal

of the 128-kc slave oscillator. at the same station.

MASTER TERMINAL

FROM SGR MOD T SGR MOD L XMTG
COMBINING [~
l ——  PANEL
I 96-KC XMTG I |
MASTER | 8-KC PULSE CHAN SYNC PILOT
| FREQ - CARR I
GEN SUPPLY
(01 LINE CONNECTOR PANEL ON MULTIPLEXER SET AN/FCC-21.
SLAYE_.TEBM'E&-_____________________l i
I — 1 SGR DEM l
| TO SGR DEM p— P RCVG
—— 1 " PaNEL
{ 96-KC RCVG SYNC PILOT — {
l MASTER | g.x¢ PULSE CHAN I
, FREQ CARR
GEN SUPPLY

849-16563

Figure 4-22. Carrier Synchronization
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4-165, MASTER FREQUENCY GEN- MAIN/STANDBY SELECTOR switch S3.

ERATOR SHELF. According to the setting of S3, one tray is

selected as "main'' and the other is '"standby".

4-166. The master frequency generator If the main tray goes into an alarm condition,
shelf (pn 790-05685-01) has two identical its relay will release and transfer the load e
master frequency generator trays (pn 790- to the standby tray.
05683-01), A on the left and B on the right;
each tray continuously generates the special 4-167. If both trays are normal, or if both

8-kc pulse from which all carrier frequencies are in alarm, the load can be connected to
in the multiplexer set are ultimately derived. either tray by operating S3. But if only one

As shown in figure 4-23, the 8-kc pulses are tray is in alarm, the normal tray will feed
routed through alarm relays K1 and K2 and the load regardless of the setting of S3.
MINOR
ALﬁRM
l {rR)- a0v
/1/0———————— COM
!
A IRE
TRAY

8 KC PULSE - |

o -

S3
MAIN/STANDBY

1 A SELECTOR
| MAIN s38
[ I 8 KC PULSE
B o ouT
MAIN

—
8 KC PULSE 1/‘-/"

TRAY
ALARM
C] K2 ReELAY

{R) 40V
MiNOR

849-i16564 ALQRM

“fFigure 4-23. Master Frequency Generator Shelf
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4-168., The MINOR ALARM A and B lamps
indicate an alarm condition in the A and B

tray, respectively. If both lamps are lighted,

the alarm is major. The minor and major
alarm indications are passed on to the
master alarm panel of the multiplexer set.

4-169. MASTER FREQUENCY GEN-
ERATOR TRAY. (See figure 4-24.)

4-170. The primary frequency source for
the carrier supply system of the multiplexer
set is the 128-ke oscillator in module A5,
In pulse generator A4, the 128-kc oscillator
output is divided down to 8-kc and then con-
verted to a harmonically rich 8-kc pulse.
By strapping, the 128-kc oscillator can be
set up to operate as a slave or a master,
Labels, visible when the master frequency
generator shelf is extended from the rack,
indicate the operating mode.

4-171. SYNCHRONIZATION. At a slave
terminal, the 128-ke oscillator is synchro-
nized with its counterpart at a master ter-
minal by comparing the phase of a 96-kc
signal derived from the output of each
oscillator. The signal representing the
oscillator frequency at the master terminal
is the 96-kc synchronizing pilot. Depending
on system layout, the pilot may be obtained
from the receiving branch of the transmis-
sion path at a low level (0.46 millivolt), or
from the channel carrier supply shelf of an
adjacent terminal at a high level (0.52 volt).
A resistance network in the master fre-
quency generator shelf is strapped according
to the level, and a hybrid transformer dis-
tributes the incoming pilot to both trays.

4-172. The local signal representing the
slave oscillator frequency is extracted from
the 8-kc pulse by 96-kc bandpass filter A3,
The two 96-kc signals, local and incoming
pilot, are amplified and enter phase detec-
tor A9, The polarity and amplitude of the
phase detector’'s dc output voltage (detector
voltage) represents the relative phase of
the two 96-kc signals. The approximate

range of detector voltages is from +5.5 volts
at 0 degrees phase difference to -7.5 volts
at 180 degrees; at 90 degrees the detector
voltage is zero.

4-173. To maintain synchronism, the slave
oscillator is tuned automatically by control -
ling the reverse bias on four variable capac-
itance diodes. The capacitance of the diodes,
and hence the frequency of oscillation, is a
function of the reverse bias voltage, which

is equal to the difference between the detec—
tor voltage and a reference potential desig-
nated as the tuning voltage.

4-174. Assume that the tuning voltage is a
fixed value and that the master and slave
oscillators are synchronized. Now, if the
two oscillators start to drift apart, the phase
detector output will change and at some phase
difference, the detector voltage will reach

a new value that synchronizes the slave with
the master.

4-175. MECHANICAL MEMORY. In the
preceding paragraph, the tuning voltage was
assumed to be fixed, but actually it is ob-
tained from a variable potentiometer driven
by the servomotor in A10. The setting of
the potentiometer constitutes a mechanical
memory.

4-176. The control voltage for the servo

is the amplified output of a modulator in A9.
In the modulator, the polarity of the detector
voltage establishes the phase of the servo
control voltage and hence the direction of
rotation of the servo. Through the action of
the modulator and servo, a positive detector
voltage increases the tuning voltage while a
negative detector voltage decreases it. The
change in tuning voltage always shifts the
frequency of the slave oscillator in a sense
that reduces the detector voltage. When the
detector voltage reaches zero, the servo
stops and holds the tuning voltage constant.
{As previously mentioned, zero detector
voltage is achieved when the phase differ-
ence of the two 96-kc signals is 90 degrees.)

4-33
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4-177. The detector voltage also goes to
zero if the 96-ke sync pilot is interrupted,
and if the synchronizing circuit did not in-
clude mechanical memory, the slave oscil-
lator would revert to its uncorrected
frequency. But with mechanical memory,
the tuning voltage stored in the servo-~
operated potentiometer will continue to
maintain the slave oscillator at the last
frequency with which it was synchronized.

4-178. The relationship between detector
voltage and tuning voltage is illustrated by
the following experiment. With the tuning
voltage at -11 volts and zerodetector voltage,
disable the servo by turning off the ac power
to its reference winding. Next, detune the
slave oscillator so that a detector voltage of
+2 volts is developed in maintaining syn-
chronism with the master oscillator. The
total voltage applied to the varicap diodes is
the difference between the detector voltage
and the tuning voltage, or 13 volts. Now,
restore ac power to the servo., The servo
will turn until the detector voltage is zero,
at which point the tuning voltage will be

13 volts. The voltage on the varicap diodes
will still be 13 volts, but all of it will be
represented by the tuning voltage and none
by the detector voltage.

4-179. A steady tuning voltage and a detec-
tor voltage of zero (+0.5 volt) indicates
synchronism. If synchronism is lost, the
detector voltage will fluctuate several volts
positive and negative at a rate approximately
equal to the difference in the two oscillator
frequencies. The maximum difference in
the frequencies of the two 96-kc signals at
which the slave will automatically sync with
(capture) the master is about £0.75 cps;

this is equivalent to a difference of about
+1.0 cps in the frequencies of the 128-kc
oscillators, Normally, the maximum varia-
tion in the frequency of a master oscillator
over a 24-hour period is +0.05 cps. The
predicted long-term change (principally
caused by crystal aging) over a 20-year
period is +11 cps.

4-180, 128-KC OSCILLATOR. (See

figure 4-25.) The 128-kc oscillator is
crystal-controlled and operates inside an
oven maintained at 75°C (167°F). The
FREQUENCY ADJUST control is a 25-turn
piston capacitor by means of which the
oscillator frequency can be adjusted over a
range of about 30 cps. This control is used
in alignment to synchronize the slave oscil-
lator to the master. Ordinarily, the fre-
quency of the master oscillator should not
be changed unless it can be measured and
set to an accuracy of at least 0.3 cps.

4-181. In the slave mode of the oscillator,
capacitor C9 is strapped out of the collector
load of Q1 and replaced by the four variable-
capacitance diodes CR1 through CR4. When
reverse biased by 11 volts, the diodes have
about the same capacitance as C9. Capac-
itors C5 and A10C1 are in series with the
diodes, but because they are comparatively
large they have no effect on the net capac-
itance of the circuit.

4-182., With the oscillator frequency ad-
justed to 128.000 ke, increasing the reverse
bias from 11 volts to 17 volts will reduce
the capacitance and raise the oscillator
frequency about 1.3 cps; decreasing the
bias to 5 volts will lower the frequency
about 2,0 cps. However, these frequency
changes are greater than the capture range
of the sync circuit, and so in routine main-
tenance, the slave oscillator is retuned by
the FREQUENCY ADJUST control if the
reverse bias (tuning voltage) is outside the
range of -9 to -13 volts.

4-183. The tuning voltage range of -7 to
-18 volts is obtained from potentiometer R3
driven by servomotor Bl through a 52.4:1
reduction gear. Because the potentiometer
can be turned continuously, resistor R4 is
used to prevent the tuning voltage from
dropping to zero when the wiper arm of

the potentiometer moves across the

gap between the ends of the resistance
winding.
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4-184. The negative 10-volt supply used in
modules A5 and A9 is developed by the 10-
volt zener diode CR5 in module A5 anda
1400-ohm resistor R1 in module A4,

4-185. The oscillator oven temperature is
maintained by heater HR1 under the control
of a temperature-sensitive bridge that in-
cludes thermistors RT1 and RT2. At tem-
peratures below 75°C, the bridge is unbal-
anced and the dc voltage across resistor R2
turns on silicon-controlled rectifier CR1,
allowing half-wave ac current to flowthrough
the heater. As the temperature increases,
thermistor resistance decreases and the
bridge approaches balance. At precisely
75°C, the dc voltage from the bridge is in-
sufficient to keep CR1 conducting, and the
heater turns off.

ALARM CONTROL Al

4-186. ALARM CIRCUIT. (See figure
4-26.) In the master mode of the master
frequency generator tray, alarm control
module Al monitors the local 96-kc signal
and the 60-cps ac power. In the slave mode
three more circuits are monitored: the in-
coming 96-kc sync pilot, the phase detector
output, and the servo control voltage. If
each monitored circuit is normal, the appli-
cable alarm relay (A or B) in the master
frequency generator shelf will be energized;
an abnormal condition in any monitored cir-
cuit will release the relay and initiate an
alarm.

4-187. The alarm relay is controlled by -
transistor switch Q2 in the alarm control
module. Normally, Q2 is turned on by
positive voltage (ground) applied to its base

SWITCH | ALARM

02 RELAY
‘ 11
LOCAL
96 KC + RECT ¢
! o
| - -43v
60 géSA\égccps i RECT fe |
3 I
l
400 J E} STRAP FOR
w1 | l SLAVE MODE
96-KC 7A 6A oA
- . ECT f—-o0-——
SYNC PILOT | / § | l
i [2]
I % |
1
[}
DETECTOR ' RECT SWITCH ! I
OouTPUT N Q4 ! }
| ' I
SERVO i ! RECT SWITCH K_______S(P: ! |
0 Q7 v
CONTROL T4 , ] ! \
\
\
e .- - —_ ] ‘ \
\ ALM \
\ TEST \
849 - 16567 \\_ ______________________________________________________________ A

Figure 4-26.

Master Frequency Generator Alarm Control

4-37




T.0O, 31W1-2FCC-102

through resistor R8, and the relay is
energized. The five monitors have various
circuit configurations, but each has a dc
voltage output that normally reverse biases
a diode connected to the base of transistor
Q2. If a monitor detects an abnormal con-
dition, it will cause its diode to conduct and
connect a negative voltage to the base of Q2,
turning off the transistor and releasing the
alarm relay.

4-188. The abnormal conditions in the
monitored circuits that will release the
alarm relay are as follows:

a. Local 96-kec signal: level 7 db or more

below normal

b. Ac power: loss of voltage

c. Incoming 96-kc sync pilot: level 10 db

or more below normal

d. Phase detector output: large voltage

fluctuations (4 volts or more) for longer than

5 seconds, indicating loss of synchronism

e. Servo control: sustained level of
400 millivolts for longer than 14 seconds,
indicating failure to synchronize

4-189. Because the monitor for the servo
control voltage is not fail-safe, the ALM
TEST pushbutton and test point are used
to verify its operation. Pressing the push-
button isolates the monitor and connects a
400-millivolt ac signal to its input. If the
monitor is in good order, a meter at the
test point should read about -24 volts
(indicating transistor switch Q7 is on) and
then should increase slowly to about -46
volts, indicating that Q7 has turned off.

4-190. One of the circuits through con-
tacts of the alarm relay (not shown in
figure 4-26) is from the emitters of the
push-pull transistors in the output stage
of servo amplifier A7. Release of the
relay opens the circuit to prevent the
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4-991.

servomotor from hunting or turning
continuously,

SPECIAL MASTER FREQUENCY

™~ GENERATOR SHELVES.

4-192, Variations of the standard master
frequency generator shelf and tray, which
have been developed for special applications,
are listed in table 1-4 and described below.

4-193. AC POWER. When equipped with
two special modules, servo amplifier A7

{(pn 790-06622-01) and servo A10 (pn 790~
05114-01), the master frequency generator
shelf can operate with 400-cps power instead
of the standard 50-60 cps power.

4-194. MASTER MODE. Normally, the
master frequency generator shelf is opera-
ble in either the master or slave mode; con-
version from one mode to the other requires
only changes in strapping. The shelf can
also be equipped to operate only in the
master mode by omitting three modules
(servo amplifier A7, servo A10, and pilot
amplifier A8) and replacing phase detector
A9 with a dummy phase detector (pn 790-
05432-01). The sole function of the dummy
phase detector is to terminate the main out-
put of local 96-kc amplifier A2 so that signal
level will be normal on the auxiliary output
monitored by alarm control Al.

4-195, SLAVE MODE. The mechanical
memory feature of the master frequency
generator shelf in the slave mode can

be eliminated by replacing servo A10 with
a dummy servo (pn 790-07217-01). The
dummy servo is simply a voltage divider
supplying a fixed tuning voltage of -11
volts, and synchronization is achieved as
described in paragraphs 4-174. With~
out mechanical memory, if the 96-kc
sync pilot is interrupted the detector
voltage will go to zero, and the slave
oscillator will revert to its natural,
unsynchronized frequency.
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4-196, CHANNEL CARRIERSUPPLY
SHELF. (See figure 4-27.)
4-197. The channel carrier supply shelf

(pn 790-01150-01) obtains six channel
carriers by filtering the 8th through 13th
harmonics from the 8-kc pulse output of
the master frequency generator shelf.

The output of each bandpass filter goes
through a carrier supply circuit which
distributes different voltages to the trans-
mission test set (dolly-mounted), the chan-
nel carrier amplifier shelves, and the
channel multiplexer and demultiplexer
shelves,

4-198. From the 96-kc bandpass filter
only, an additional branch supplies 96 kc
at 0.52 volt for use as the carrier sync
pilot. The voltage is fed to the line con-
nector panel (AN/FCC-21) or supergroup
modulator combining panel (AN/FCC-22
and -17) or to the master frequency gen-
erator shelf of an adjacent terminal. The
load impedance is greater than 35 kilohms.

4-199. To compensate for variations in the
insertion loss of the bandpass filters, a
resistor across the 135-ohm filter output

is selected at the factory to set the level

at precisely -3.2 db (approximately

0.52 volt).

4-200., TRANSMISSION TEST SET. The
first branch in the carrier supply circuit
feeds carrier through a 2870-ohm resistor
to a receptacle on the front panel, and from
there through an interconnecting cable to

the dolly-mounted transmission test set.

The level is 12 millivolts when the circuit

is terminated by the 67-ohm input impedance
of the test set.

4-201. AMPLIFIER SHELVES. Through
terminals A and C, which are normally
strapped together, and a 110~ohm resistor,
carrier is distributed to a maximum of

nine channel carrier amplifier shelves.
Each amplifier shelf has an input impedance

of 245 ohms, so the maximum load is

27 ohms., In series with the 110-ohm
resistor, the load impedance forms a volt-
age divider that produces 100 millivolts.

4-202, If the actual load is less than the r
maximum, it is built out to the equivalent
of nine shelves by strapping in dummy load
resistors at terminal ¥F. Respectively, the
four resistors connected to terminals G,

H, J, and X provide loads equivalent to

four shelves, three shelves, two shelves,
and one shelf,

4-203. CHANNEL SHELVES. Except as
described in paragraph 4-207, the 0.52-

volt carrier to the channel multiplexer and
demultiplexer shelves is obtained by ampli-
fying the same 100-millivolt signal that
drives the channel carrier amplifier shelves.

4-204. The amplifier circuit consists of
two 37-db amplifier modules (A and B) and
a paralleling network. All amplifier mod-
ules in the shelf are interchangeable but
the paralleling networks are different for
each carrier frequency.

4-205. The paralleling network is the
single-frequency type and includes the two
hybrid transformers and phase-shift net-
work shown on figure 4-27. Its operation
is described in paragraph 4-334.

4-206. The distribution circuit feeds the
0.52-volt carrier to 2 maximum of 10 chan-
nel multiplexer and/or demultiplexer shelves.
Because of the twin-channel modulation
scheme, the load in each shelf is two modu-
lators or demodulators, and the resultant
carrier input impedance of the shelf is 135
ohms. Consequently, 10 shelves connected
to the distribution circuit creates a load im -
pedance of 13.5 ohms, matching the source
impedance. If the load is five shelves or
less, a 26.1-ohm dummy load is strapped

in at terminal E.

4-207, In normal operation, terminals
A-C and terminals B-D are strapped to
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complete the input and output of the
amplifier circuit. Under the special con-
dition that the load is only one channel
multiplexer or demultiplexer shelf, and
that no channel carrier amplifier shelves
are to be driven, then strapping terminals
A-B and removing all other straps connects
the 0.52-volt output of the bandpass filter
directly to the distribution circuit.

4-208, MONITOR. The output of each A
and B amplifier module is monitored and the
shelf alarm circuits are activated if any
amplifier fails, These circuits are de-
scribed in paragraph 4-283.

4-209. The amplifier outputs are also
connected through voltage dividers to the
CHAN CARR AMPL OUT test jacks where
carrier levels can be checked on the trans-
mission test set.

4-210, CHANNEL CARRIER AMPLIFIER
SHELF. (See figure 4-28.)

4-211, AMPLIFIER CIRCUITS. The
channel carrier amplifier shelf (pn 790~
01261-01) has six independent amplifier
circuits, one for each of the six 100~
millivolt carrier signals it receives from
the channel carrier supply shelf,

4-212. Each amplifier circuit consists of
two 37-db amplifier modules (A and B) and
a single-frequency paralleling network
operating together as described in para-
graph 4-334, The modules and networks
are the same types used in the channel
carrier supply shelf,

4-213. The main output of the ampli-
fier circuit is a 0.52-volt carrier sig-
nal which is distributed to a maximum
of 10 channel multiplexer and/or de-
multiplexer shelves. Each shelf has a
carrier input impedance of 135 ohms,

so that the maximum load on the dis-
tribution circuit (13.5 ohms) matches the
source impedance., If the load is five

shelves or less, a 26.1-ohm dummy load
(equivalent to a load of five shelves) is
added by strapping terminals A-B.

4-214, Through a 2870-ohm resistor,
carrier is fed to a receptacle on the front
panel for use in the dolly-mounted trans-
mission test set. (The test set may obtain
carriers from this shelf or from the channel
carrier supply shelf.) When terminated by
the 67-ohm input impedance of the test set,
the carrier level is 12 millivolts.

4-215., MONITOR. As described in para-
graph 4-283, the output of each A and B
amplifier is monitored and the shelf alarm
circuits are activated if any amplifier fails.
Also, the amplifier outputs can be checked
at the CHAN CARR AMPL OUT test jacks
with the transmission test set.

4-216. GROUP CARRIER GENERATOR
SHELF. (See figure 4-29.)

4-217. In the group carrier generator
shelf (pn 790-02152-01), the 8-kc pulse
received from the master frequency gen-
erator shelf drives three carrier generator
circuits. Two of the circuits generate sin-
gle frequencies (124 kc and 516 ke), while
the third produces a complex output signal
containing frequencies of 420, 468, 564,
and 612 kc.

4-218. 124-KC GENERATOR CIRCUIT.
The 31st harmonic of the 8-kec pulse is
selected by 248-kc bandpass filter A6 and
applied to a modulator in A3, Through
resistor A3R1, a weak 124-kc noise compo-
nent or transient bypasses the modulator
and goes through 124-kc bandpass filter A7
to the amplifier circuit. Part of the ampli-
fied signal is returned to the modulator
where it mixes with the 248-kc¢ signal,
producing a 124-kc frequency that re-
inforces the original 124 -kc noise.

This regenerative action rapidly builds

up a strong, steady 124-kc output from
the modulator.
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Figure 4-28. Channel Carrier Amplifier Shelf

4-219. The remainder of the amplified selected by 144-kc bandpass filter A9 and
124-kc signal is sent through 124-kc band- mixed with 124-kec in modulator A12. The
pass filter A8 to hybrid transformer A3T4 516~-ke modulation product, which is equal
where it divides into two paths, one to the to 144 kc plus three times 124 ke, is picked
516-kc generator circuit and the other to off by crystal filter A10 and sent tothe ampli-
the supergroup carrier generator shelf. fier circuit. The amplified 516 ke is divided
by a resistance hybrid in A13, one part going

4-220. 516-KC GENERATOR CIRCUIT, to the 420-612ke generator circuit and the
The 18th harmonic of the 8-kc pulse is other to the group carrier supply shelf.
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Group Carrier Generator Shelf
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4-221. 420-612KC GENERATOR CIRCUIT.
The 6th harmonic of the 8-ke pulse is sel-
ected by 48-kc bandpass filter A11, In mod-
ule A16, the 48-kc signal splits into two
paths, one through resistor R2 and the other
through a frequency doubler. The paths
recombine so that both 48 kc and 96 kc are
applied to one input of a modulator that has
516 kc at its other input.

4-222, The desired products of the modula-
tor are the sum and difference of 516 and

48 ke, and the sum and difference of 516 and
96 kc. These four frequencies (420, 468,
564, and 612 kc) as well as other unwanted
modulation products are amplified and sent
out to the group carrier supply shelf.

4-223. AMPLIFIER CIRCUITS. In the
124 -kc amplifier circuit, the 36-db A and
B amplifiers (A4 and A5) are paralleled by
means of hybrid transformers A3T5 and
A3T3. Because phase-shift networks are
not used, the amplifier output signals are
180 degrees out of phase and the combined
level is 6 db higher than the level of the A
and B signal alone. However, the circuits
that utilize the 124-kc frequency can
tolerate the 6-db level change that will occur
if one amplifier fails. Transformer A3T3
has a hybrid connection in its secondary
winding (as well as its primary) that pro-
vides two equal 124-kc output signals.,

4-224, The 516-kc amplifier circuit uses
two 38-db amplifiers (Al4 and A15) and a
single-frequency paralleling network. The
420-612 ke circuit also uses two of the same
type amplifiers (A18 and A19) but the paral-
leling network is the multiple-frequency
type. Paralleling of amplifiers is described
in paragraph 4-326.

4-225, ALARM CIRCUITS. The shelf
has two alarm control modules: A1l
monitors the three A amplifiers and
A2 monitors the three B amplifiers.
The shelf alarm circuits are the same as
described in paragraph 4-283.
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4-226, GROUP CARRIER SUPPLY SHELF.
(See figure 4-30.)

4-227. In the group carrier supply shelf

(pn 790-02199-01), the two signals (516 ke
and 420-612 kc) received from the group
carrier generator shelf are filtered and
amplified to yield the five group carriers
and the supergroup 1 carrier (564 or 612 kc).

4-228. GROUP CARRIERS. Bandpass filter
A23 admits the 516-kc input signal, and band-
pass filters A24 through A27 select the other
four group carrier frequencies from the 420-
612 ke input signal. Each carrier goes
through an amplifier circuit that includes

two 36-db amplifier modules operating in
parallel by means of a single-frequency net-
work as described in paragraph 4-334, The
amplifier circuit has three outputs.

4-229, The main output of the amplifier
circuit is a 0.78-volt carrier signal which
is distributed to a maximum of 10 group
multiplexer and/or demultiplexer shelves.
The carrier input impedance of each shelf
is 150 ohms. Therefore, 10 shelves con-
nected to the distribution circuit yield a
load impedance of 15 ohms, which matches
the source impedance. To maintain the
0.78-volt level in the distribution circuit,
dummy load resistors can be strapped in
various combinations to compensate for
different loads. The carrier input power
to one shelf is +6 dbm, so that the total
carrier power in the main output is +16 dbm,
consumed either in the shelves or in the
dummy load.

4-230. From voltage dividers, the second
cutput circuit obtains an 87-millivolt signal
to drive the group carrier amplifier shelf
(when required), and the third circuit con-
nects an 8~millivolt signal through the recep-
tacle on the front panel to the 75-chm imped-
ance of the {ransmission test set.

4-231., SUPERGROUP 1 CARRIER. The
source of the supergroup 1 carrier is the
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0.78-volt output of the 564-kc or 612-kc
amplifier circuit. By strapping, the appli-
cable frequency is connected to the input of
the supergroup 1 carrier amplifier circuit.
This circuit consists of a multiple-frequency
paralleling network (paragraph 4-329) and
two 36-db amplifiers, and has two outputs.
The main output distributes a 0.95-volt
carrier to two supergroup 1 trays (modu-
lator and demodulator); when only one tray
is connected to the distribution circuit, a
75-ohm dummy load is strapped in. Through
a voltage divider, a second output sends a
0.13 volt signal to the supergroup carrier
amplifier shelf, when required.

4-232, ALARM CIRCUITS. The A and B
amplifier modules are monitored as
described in paragraph 4-283.

4-233., TRANSMISSION TEST SET. Through
receptacle J15 on the front panel, the dolly-
mounted transmission test set is supplied
with 48-volt dc power and system ground
connection.

4-234. GROUP CARRIER AMPLIFIER
SHELF. (See figure 4-31.)

4-235. GROUP CARRIERS. In the group
carrier amplifier shelf (pn 790-04072-01),
the five 87-millivolt group carrier frequen-
cies received from the group carrier supply
shelf are filtered and amplified to provide
five 0.78-volt group carrier distribution
circuits to a maximum of 10 group multi-
plexer and/or demultiplexer shelves. The
modules are the same used in the group car-
rier supply shelf, the only circuit differences
being that each group carrier frequency has
a separate input and only one output circuit.

4-236. SUPERGROUP 1 CARRIER. The
supergroup 1 carrier of 564 kc or 612 ke is
processed exactly as in the group carrier
supply shelf.

4-237., ALARM CIRCUITS. The alarm cir-

cuits are the same as in the group carrier
supply shelf.
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4-238. TRANSMISSION TEST SET. The
receptacle on the front panel of the group
carrier supply shelf through which the dolly-
mounted transmission test set obtains group
carriers and dc power is not duplicated on
this shelf.

4-239., SUPERGROUP CARRIER GEN-
ERATOR SHELF. (See figure
4-32.)

4-240. The 124-kc signal from the group

carrier generator shelf is admitted to the
supergroup carrier generator shelf (pn 790-
02881-01) by crystal bandpass filter A18,
which provides at least 50 db rejection to
signals 250 cps or more removed from

124 ke. In phase-changing network A1, the
signal splits into separate paths to the A
and B amplifier circuits, and the relative
phase of the two signals is shifted 120
degrees.

4-241, In pulse forming network A4, the A
and B signals are combined and a sharp
124-kec pulse is generated. From the pulse,
bandpass filters select the 9th through 23rd
odd~-harmonics as the carrier frequencies
for supergroups 3 through 10. The output
level of each carrier is 78 millivolts across
75 ohms (-11 dbm).

4-242, AMPLIFIER CIRCUIT. Each ampli-
fier circuit includes an amplifier module, an
alarm control module, and an alarm relay.
The amplifier module's second stage has a
push-pull configuration generating a square-
wave signal with a peak-to-peak amplitude of
about 8 volts. The output signal passes
through contacts of the alarm relay so that

a failed amplifier will be disconnected from
the load.

4-243. The alarm control module monitors
the input as well as the output of the ampli-
fier's second stage. Through a 124-kc
bandpass filter, a sample of the output is
rectified and turns on transistor switch Q2
to energize the alarm relay. The input is
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Figure 4-31.

Group Carrier Amplifier Shelf
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Figure 4-32,

Supergroup Carrier Generator Shelf
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monitored to detect possible failure of one

of the two transistors in the push-pull cir-
cuit. At the monitored point, the frequency
is normally 248 kc (twice the signal fre-
quency), but drops to 124 kc if one transis-
tor fails. This frequency is admitted through
a 124-kc bandpass filter, and the rectified
signal turns on transistor Q1. Through Q1,
the alarm relay coil is shorted and the relay
releases,

4-244, PULSE FORMING NETWORK. The
A and B signals are combined in a hybrid
circuit consisting of three 5-ohm resistors.
Because the signals differ in phase by 120
degrees, their combined amplitude is the
same as either signal alone; therefore, the
level won't change if one amplifier should
fail .

4-245. The square-wave voltage causes
sinusoidal current to flow through 124-kc
resonant circuit FL1 into saturable reactor
L1 and capacitor C2. The reactor is driven
into saturation by the sinusoidal current
during most of each half-cycle. When the
core is not saturated, current flows into
capacitor C2. When the core saturates,

L1 switches to low inductance, suddenly
discharging C2 and creating a sharp pulse
with large amplitude. On the next half-
cycle, a similar pulse of opposite polarity
is generated.

4-246. The shape of the output pulse, deter-
mined by the parameters of L1 and C2, is
such that odd-harmonics of 124 ke between
the 9th and 23rd all have about the same am-
plitude, which is at least 25 db higher than
the even~-harmonics in the same spectrum,
Resistors R4, R5, and R6 form a 10-db pad
that isolates the pulse generator from the
succeeding bandpass filters.

4-247, SUPERGROUP CARRIER SUPPLY
SHELF. (See figure 4-33.)
4-248, The supergroup carrier supply shelf

{pn 790-02880-01) has eight independent
amplifier circuits, one for each of the

carrier frequencies for supergroups 3
through 10. Each amplifier circuit receives
a 78-millivolt input signal from the super-
group carrier generator shelf and produces
0.95-volt and 0.23-volt output signals,

The 0.95-volt signal feeds a 37.5-ohm load
consisting of two supergroup trays (modu-
lator and demodulator); a 75-ohm dummy
load is strapped across the output when the
signal is distributed to only one tray. The
0.23-volt signal is used to drive the super-
group carrier amplifier shelf, when
required.

4-249. AMPLIFIER CIRCUIT. Each ampli-
fier circuit has two 33-db amplifier modules,
a single-frequency paralleling network (para-
graph 4-334), and an alarm relay. All the
amplifier modules are the same type, but

the paralleling networks are different for
each carrier frequency.

4-250, The amplifier module includes a
monitor circuit in which a sample of the
output signal operates a transistor switch
controlling the alarm relay. The relay is
energized when the amplifier output level is
at least +10 dbm, but releases if the level
falls below +8 dbm.

4-251, ALARM CIRCUIT. A chain circuit
through the normally-closed contacts of the
alarm relays for the A amplifiers energizes
relay K17; a similar circuit for the B ampli-
fiers energizes relay K18. These two re-
lays, in turn, control the minor and major
alarm circuits of the shelf as illustrated in
figure 4-37.

4-252, SUPERGROUP CARRIER AMPLI-
FIER SHELF. (See figure 4-34.)

4-253. The supergroup carrier amplifier
shelf (pn 790-04971-01) is divided into two
identical functional sections, each comprised
of three amplifier circuits. The amplifier
circuits can be operated independently of
each cther, or one input signal can be fed

to two or three amplifier circuits in the
same section.
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Figure 4-33. Supergroup Carrier Supply Shelf




































































































































































































































































































