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R-F OSCILLATOR
0-243/FRT-24

POWER SUPPLY
PP-454/FRT-5

TRANSMISSION LINE COUPLER CU-390/FRT-24

RADIO TRANSMITTER T-440/FRT-24

TRANSMITTER CONTROL C-1362/FRT-24

TELEPHONE SET TA-267/U

TRANSMITTER CONTROL C-1362/FRT-24

Figur 1-1. Radi Transmitting S t AN/FRT-24, Maj r Units
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SECTION 1

GENERAL DESCRIPTION

1. PURPOSE

Radio Transmitting Set AN/FRT-24, figure 1-1, is
designed for shore-to-ship, ground-to-aircraft, or
point-to-point communication application. Radio
Transmitting Set AN/FRT-24 provides a maximum
output of 1 kilowatt when operating continuous wave
radio telegraph (cw) or radiotelephone (mcw) on any
frequency within the range of 2 to 30 megacycles. The
equipment provides reliable communication for shore-
station installations under wide variations in climatic
conditions.

TA. INSTRUCTION BOOK COVERAGE

a. This instruction book covers Radio Transmitter
T-440A /FRT-24 as well as Radio Transmitter T-440/
FRT-24 which are supplied as part of Radio Trans-
mitting Set AN/FRT-24. T-440A/FRT-24 differs
from T-440/FRT-24 in that a different but inter-
changeable blower assembly is used. The new blower
assembly does not differ in general appearance from
the old blower assembly.

b. This instruction book also covers RF Oscillator
0-243A/FRT-24 as well as RF Oscillator 0-243/FRT-
24 which are supplied as part of Radio Transmitting
Set AN/FRT-24. 0-243A/FRT-24 differs from O-
243/FRT-24 in that a PWR OUTPUT potentiometer
is added to the rear panel which permits varying the
rf output voltage. However, for use with AN/FRT-24,
this potentiometer is set for maximum output.

c. Reference throughout this instruction book to
Radio Transmitter T-440/FRT-24 and RF Oscillator
0-243/FRT-24 apply equally to T-440A /FRT-24 and
0-243A /FRT-24, respectively, unless otherwise noted.

2. BASIC PRINCIPLES OF OPERATION

The operation of Radio Transmitting Set AN/FRT-
24 is based upon the principle of generating submul-
tiple of the desired output frequency, multiplying the
frequency, and amplifying the power of this signal to
produce the desired r-f carrier. This carrier is then in-
terrupted or modulated with the intelligence to be
transmitted and radiated from a suitable antenna.

A nine-channel crystal-controlled oscillator in the
r-f assembly normally supplies the excitation. How-
ever, with modifications to the equipment, one to
three frequency-shift oscillator assemblies may be in-
corporated in the r-f assembly to supply this excita-
tion. The excitation signal may also be supplied from
R-F Oscillator 0-243/FRT-24, through a connector
on a patch panel.

CHANGE 2

The r-f signal passes through a buffer stage, and
then through one or two frequency multiplier stages
where the crystal frequency is multiplied to produce
the carrier frequency. The r-f signal is amplified by
the driver amplifier which drives the power amplifier.
The power amplifier provides an r-f power output of
one-quarter, one-half, or one kilowatt on any fre-
quency between 2 and 30 inc.

Intelligence may be superimposed on the carrier by
on-off keying or amplitude modulation. On-off keying
is accomplished by interrupting the carrier in the
buffer stage. A high-level modulator is used for audio
modulation. With modifications to the equipment,
frequency-shift keying may be provided by fre-
quency-shift oscillator assemblies (these are not
furnished) in conjunction with a keyer circuit in the
exciter assembly.

Circuits are provided in the transmitter for protec-
tion against equipment damage caused by overloads.
The transmitter has interlock switches which remove
all dangerous voltages when a cabinet door is opened.
During normal operation, all high-voltage circuits are
inaccessible from the outside of the transmitter.

3. GENERAL DESCRIPTION AND LIST OF MAJOR
UNITS

a. GENERAL DESCRIPTION.—Radio Trans-
mitting Set AN/FRT-24 is composed of eight major
units (see table 1-1). Three major units, Radio Trans-
mitter T-440/FRT-24, R-F Oscillator O-243/FRT-24,
and Power Supply PP-454/FRT-5, are contained in
two cabinets which bolt together to form a single unit.
Transmission Line Coupler CU-390/FRT-24 and
Transmitter Control C-1362/FRT-24 are each housed
in an individual metal cabinet, and Telephone Set
TA-267/U resembles an ordinary telephone.

The equipment is compact and readily serviceable.
The frequency range and flexibility of operation of the
equipment is made possible by the use of beam-power
tetrodes and vacuum, tank capacitors. Beam-power
tetrodes in the r-f assembly eliminates the necessity
for high-power driver stages and unnecessarily large
power supplies.

An Autotune system accomplishes band switch-
ing and tank tuning. The Autotune system pro-
vides positioning of all tuning controls to any one
of nine preset frequencies. The maximum period

1-1
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of time required for positioning any one channel
setting of the transmitter is eight seconds.

Glass windows in the front panel of the trans-
mitter afford a continuous view of the modulator
tubes, the r-f power amplifier tube, and the high-
voltage rectifier tubes. A door on each cabinet of
the transmitter opens to the right, thereby pro-
viding access to the individual assemblies.

A dual interlock affords protection to person-
nel. When either door is opened, the primary cir-
cuits of the low- and high-voltage power sup-
plies are de-energized and the high voltage is
short-circuited to ground. The door interlocks and
the high-voltage shorting switches are provided
with manually operated locks so that the trans-
mitter can be operated with the doors open during
tests and adjustments. These locks release auto-
matically when the doors are closed.

Power control switches are conveniently located
near the center of the front panel of the right-
hand cabinet, and tuning knobs are grouped just
beneath the upper window in the same cabinet.

Seven meters across the top front of the two
cabinets and one meter behind the window of the
r-f unit afford a continuous check of voltages and
currents throughout the transmitter. Two hour
counters, located in the left-hand cabinet, record
cumulative filament-on and plate-on time.

b. LIST OF MAJOR UNITS.—Radio Trans-
mitting Set AN/FRT-24 consists of the following
major units and assemblies.

(1) Radio Transmitter T-440/FRT-24, which
contains:

(a) R-F Assembly
(b) Low-Voltage Power Supply
(¢) High-Voltage Power Supply
(d) Power Control Assembly
(e) Dial Control Assembly
(f) Modulator Assembly
(9) Power Change Assembly
(h) Service Power Supply
(7) Patch Panel Assembly
(7) Cabinet Accessories
(2) R-F Oscillator 0-243/FRT-24
(3) Power Supply PP-454/FRT-5
(4) Transmitter Control C-1362/FRT-24

(5) Transmission Line Coupler CU-390/
FRT-24

(6) Telephone Set TA-267/U

1-2
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4. DETAILED DESCRIPTION OF MAJOR UNITS
AND ASSEMBLIES

Detailed descriptions of the major units and as-
semblies which comprise Radio Transmitting Set
AN/FRT-24 are given in the following subpara-
graphs:

a. RADIO TRANSMITTER T-440/FRT-24.—
Radio Transmitter T-440/FRT-24 (see figure
1-2) operates from a 230-volt, single-phase,
50/60-cps power source. It has a maximum output
of one kilowatt when operating within the fre-
quency range of 2 to 30 mc. The transmitter is
contained within two frame-type cabinets, which
are bolted together, whose dimensions are given
in table 1-1. A detailed description of each of the
assemblies which comprise the transmitter are
given in subparagraphs (1) through (10).

(1) R-F ASSEMBLY.—The R-F Assembly
(see figure 1-3), located in the upper right-hand
section of the transmitter, rests on telescoping
roller slides. It is a self-contained assembly con-
sisting of an r-f power amplifier, an exciter, an
r-f bias supply, a keyer system, and an Autotune
system. When the assembly is pulled forward, the
high-voltage d-c power input and the r-f output
connectors, mounted on the rear of the R-F As-
sembly, are disconnected from corresponding con-
nectors mounted on the cabinet frame. Low-volt-
age input and control-circuit wiring enters the
assembly through connectors located on the bot-
tom of the assembly.

Figur 1-3. R-F Assembly

ORIGINAL



NAVSHIPS 92223(A) secti n 1
AN/FRT-24

GENERAL
DESCRIPTION

LLUVRALLLRALNY
TRV
URVRIT
TILRAE AR A
DALY RLARY AR

PO

—

e

Transmitter T-440/FRT-24

Radi

1-2.

Figur

1-3

ORIGINAL



1 Section
Paragraph 4a(2)

o

Figure 1-4. Low-Voltage Power Supply

(2) LOW-VOLTAGE POWER SUPPLY.—
The Low-voltage Power Supply (see figure 1-4)
furnishes 600 volts, dc, for the exciter, the power-
amplifier screen grid, the speech amplifier, and
the modulator screen grids. Connections are made
to various units from a screw-type terminal strip
mounted on the power supply chassis. The Low-
voltage Power Supply is located in the center of
the right-hand cabinet and is bolted to the channel
on which it rests.

N

Sxems

RECTIFIER CHASSIS
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(3) HIGH-VOLTAGE POWER SUPPLY.—
The High-voltage Power Supply (see figure 1-5)
provides 3000 volts, de, for the power amplifier
plate and the modulator plates. It consists of three
subassemblies : a plate transformer, located below
the Low-voltage Power Supply in the right-hand
cabinet; a rectifier chassis located above the Low-
voltage Power Supply and behind the Power Con-
trol Assembly ; and a filter chassis, located behind
the rectifier chassis. The plate transformer rests
on channels in the cabinet framework. The recti-
fier chassis and filter chassis bolt to channels in
their section of the cabinet.

(4) POWER CONTROL ASSEMBLY.—
The Power Control Assembly (see figure 1-6)
controls the application of a-c power to all power
supply primaries. In addition, it contains the local-
remote and emission-selector switches. All con-
nections from the Power Control Assembly are
made by means of plug-in connectors. The Power
Control Assembly is located in front of the low-
and high-voltage power supplies and directly
above the Blower Assembly.

(5) DIAL CONTROL ASSEMBLY.— The
Dial Control Assembly (see figure 1-7) contains
relays which control the Autotune system, actuate
the emission selector, and turn the transmitter on
or off, according to pulse information entering the
circuit from Transmitter Control C-1362/FRT-24.
The Dial Control Assembly is located under the
modulator, near the center of the left-hand
cabinet.

PLATE TRANSFORMER

Figure 1-5. High-V Itage Power Supply

1-4
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Figure 1-6. Power Control Assembly

(6) MODULATOR ASSEMBLY.—The Mod-
ulator Assembly (see figure 1-8) supplies audio
power to modulate the power amplifier in the R-F
Assembly. It consists of two separate chassis: an
audio chassis, which contains the speech ampli-
fier, modulator tubes, and a bias supply, and is
located in the upper section of .the left-hand cab-
inet: and the modulation transformer and filter
chassis, located directly behind the audio chassis.
High-voltage connections between the two chassis
are made from the two from standoff terminals
on the audio chassis directly to terminals on the
transformer and filter. Power-supply connections

AUDIO CHASSIS

NAVSHIPS 92223(A)
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Figure 1-7. Dial Control Assembly

to the speech amplifier are made on screw-type
terminal strips.

(7) POWER CHANGE ASSEMBLY.—The
Power Change Assembly (see figure 1-9) selects
the power output of Radio Transmitter T-440/
FRT-24, either one-quarter kilowatt, one-half
kilowatt, or one kilowatt. All connections from the
Power Change Assembly are made by means of
plug-in connectors and two binding posts. This
assembly is located in the center of the left-hand
cabinet, directly behind the Dial Control As-
sembly.

MODULATION TRANSFORMER AND
FILTER CHASSIS

Figure 1-8. Modulat r Ass mbly

ORIGINAL
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Figure 1-9. Power Change Assembly

(8) SERVICE POWER SUPPLY.— The
Service Power Supply (see figure 1-10) distri-
butes power from the a-c line to Power Supply
PP-454/FRT-5 and to R-F Oscillator 0-243/FRT-
24. It also supplies 115 volts, 60 cps, to an auxiliary
outlet. The Service Power Supply is located in the
left-hand cabinet, directly behind R-F Oscillator
0-243/FRT-24.

(9) PATCH PANEL ASSEMBLY.— The
Patch Panel Assembly (see figure 1-11) provides
a means of connecting R-F Oscillator 0-243 /FRT-
24 to the R-F Assembly. It is located near the
center of the left-hand cabinet, directly above
R-F Oscillator 0-243/FRT-24.

(10) CABINET ACCESSORIES.—Cabinet
accessories include all parts that are attached to
the transmitter frame, such as meters and inter-
lock switches. Also part of the cabinet accessories
is the Blower Assembly (see figure 1-12), located
in the bottom section of the right-hand cabinet,
directly under the Power Control Assembly.

b. R-F OSCILLATOR O0-243/FRT-24. — R-F
Oscillator 0-243/FRT-24 (see figure 1-13) is a
stabilized, variable-frequency oscillator which
derives its stability from a 100-kc crystal standard
oscillator, and utilizes a permeability tuned oscil-
lator which provides a frequency stabilized output
in the range of 2 to 4.2 mec. It is mounted on tele-
scoping slides in the left-hand cabinet in the relay
rack, below the Patch Panel Assembly. Refer to
table 1-1 for the dimensions of R-F Oscillator
0-243/FRT-24.

Figure 1-11. Patch Pan | Assembly

1-6
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Figure 1-10. Service Power Supply

¢. POWER SUPPLY PP-454/FRT-5.—Power
Supply PP-454/FRT-5 (see figure 1-14) furn-
ishes 250 volts, de, unregulated ; 150 volts, dc, reg-
ulated; and 6.3 volts, ac, filament voltage to R-F
Oscillator 0-243/FRT-24. It is mounted on tele-
scoping slides in the left-hand cabinet in the relay
rack, below R-F Oscillator 0-243/FRT-24. Its
dimensions are given in table 1-1.

d. TRANSMITTER CONTROL C-1362/FRT-
24.—Transmitter Control C-1362/FRT-24 (see
figure 1-15) functions as a remote control for
Radio Transmitter T-440/FRT-24. Two transmit-
ter control units are provided in Radio Trans-
mitting Set AN/FRT-24. The dimensions are
given in table 1-1.

e. TRANSMISSION, LINE COUPLER CU-
390/FRT-24.—Transmission Line Coupler CU-
390/FRT-24 (see figure 1-16) matches the 52-
ohm unbalanced output of the transmitter to a
600-ohm balanced antenna within the frequency

Figur 1-12. Blower Assembly
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Figure 1-13. R-F Oscillator O-243/FRT-24

range of 2 to 30 mec. It is completely encased in a
weatherproof aluminum case. Refer to table 1-1
for the dimensions.

f. TELEPHONE SET TA-267/U.—Telephone
Set TA-267/U (see figure 1-17) is a modified
hand telephone. It uses an eleven-position dial in-
stead of the ordinary ten-position dial. A jack is
provided on the front of the unit for the insertion
of a telegraph-key plug for remote keying.

5. REFERENCE DATA
a. NOMENCLATURE. — Radio Transmitting
Set AN/FRT-24,

b. CONTRACT NUMBERS AND DATES.—
NObsr 57357 dated May 9, 1952
NObsr 71341 dated July 18, 1956

¢. CONTRACTOR.—Collins Radio Company,

Cedar Rapids, Iowa.

d. COGNIZANT NAVAL INSPECTOR.—In-
spector of Naval Material, Cedar Rapids, Iowa.

e. NUMBERS OF BOXES.

f. CUBICAL CONTENTS.—See tables 1-1 and
1-3.

9. TOTAL WEIGHT.—See tables 1-1 and 1-3.

h. FREQUENCY RANGE.—2 to 30 mec.

i. NUMBER OF CHANNELS.—9.

Figure 1-15. Transmitter C ntr | C-1362/FRT-24

CHANGE 2
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Figure 1-14. Power Supply PP-454/FRT-4

j. TUNING BANDS AND FREQUENCY
RANGE.

Band Range (me)
2to3
3tod
4to 6
6to 8
8to 12

12to 16
16 to 24
24 to 30

00 IO UL WN =~

Figure 1-16. Transmission Line Coupl r
CU-390/FRT-24

Figure 1-17. Tel phone S t TA-267/U
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k. TYPE OF FREQUENCY CONTROL.—
Crystal or stabilized oscillator.

l. TYPE OF EMISSION AND MODULATION
CAPABILITY.

(1) A-1 (carrier on-off)
(2) A-3 (phone) 100%
m. KEYING SPEED.—600 words per minute
(240 dot cycles per second).
n. NOMINAL CARRIER OUTPUT.

(1) 250 wa’.t"cs, 500 watts, or 1000 watts for
A-1 emission, into a 600-ohm load, with a maxi-
mum SWR of 2 to 1.

" (2) 250 watts, 500 watts, or 1000 watts for
A-3 emission, into a 600-ohm load, with a maxi-
mum SWR of 2 to 1.

o. FREQUENCY STABILITY.
(1) With crystal oscillator, .003 %.

(2) With R-F Oscillator 0-243/FRT-24,
.004% =240 cps.

p. CRYSTALS.—Type CR-18/U.

q. DISTORTION.—Less than 5% total har-
monic distortion at 1000 cps and 90% modulation
when clipping is not used.

r. NOISE.—At least 40 db below 100 % modula-
tion.

s. POWER FACTOR OF EQUIPMENT..
(1) Starting: (High voltage off).

NAVSHIPS 92223(A) GENERAL
AN/FRT-24 DESCRIPTION
(3) Normal operation
1 KW i, KW 14 KW
CwW .895 .899 .880
(key closed)
Phone 903 905 .891
(100%) -

t. POWER SOURCE REQUIREMENTS.
(1) Voltage: 227/208 volts =10%.
(2) Frequency: 50/60 cps =5%.
(3) Number of phases: 1.
(4) Input power:
(a) Standby: 20 watts.
(b) Filaments on, cw: 900 watts.
(¢) Filaments on, phone: 1000 watts.
(d) Carrier on, cw: 3100 watts.
(e) Carrier on, phone (no modulation) :
3700 watts.
(f) Carrier on, phone (100% modula-
tion) : 4500 watts.

u. AMBIENT TEMPERATURE RANGE FOR
SATISFACTORY OPERATION.—0°C (32°F) to
50°C (122°F).

v. MAXIMUM RELATIVE HUMIDITY.—Up
to 95 %.

w. MAXIMUM ELEVATION ABOVE SEA
LEVEL.—10,000 feet.

1 KW 14, KW 14 KW
CW 948 948 948 Note
Phone  .941 941 941 FOR 50-CPS OPERATION, CAPACITOR
(2) Standby: (Key open). C404 IS CONNECTED INTO THE HIGH-
1 KW 14 KW 14 KW VOLTAGE POWER SUPPLY CIRCUIT
CW 797 798 798 AS INDICATED IN THE SCHEMATIC
Phone  .915 899 901 (SEE FIGURE 7-64).

6. EQUIPMENT SUPPLIED

TABLE 1-1. EQUIPMENT SUPPLIED

QUANTITY OVER-ALL DIMENSIONS
PER NAVY TYPE YOLUME WEIGHT
EQUIPMENT| NAME OF UNIT DESIGNATION HEIGHT WIDTH DEPTH
1 Radio Transmitter T-440/FRT-24 83 467% 31% 1500
1 R-F Oscillator 0-243/FRT-24 101342 18¥% e 16'¥e 33
1 Power Supply PR454/FRT-5 83% 19 15% 88
2 Transmitter C-1362/FRT-24 10% 21% 11 50
Control
1 Transmission CU-390/FRT-24 20% 23 20% 90
Line Coupler
2 Telephone Set TA-267/U 5% 5% % 4

Unless otherwise stated, dimensions are in inches, volume in cubic feet and weight in pounds.

1-8
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7. EQUIPMENT REQUIRED BUT NOT SUPPLIED
TABLE 1-2. EQUIPMENT REQUIRED BUT NOT SUPPLIED

S ction ]

Paragraph 7

Crystal oven

Crystal units CR-18/U Frequency Control

QUANTITY
PER NAVY TYPE REQUIRED REQUIRED
EQUIPMENT NAME OF UNIT DESIGNATION USE CHARACTERISTICS
1 Telegraph key C-W operation
1 Microphone Radiotelephone operation

8. SHIPPING DATA
TABLE 1-3. SHIPPING DATA

CONTENTS OVER-ALL DIMENSIONS
SHIPPING
e NAME DESIGNATION HEIGHT | WIDTH | DEPTH VOLUME LAl
Unless otherwise stated, dimensions are in inches, volume in cubic feet, weight in pounds.
9. ELECTRON TUBE COMPLEMENT
TABLE 1-4. ELECTRON TUBE COMPLEMENT
NUMBER OF TUBES OF TYPE INDICATED
< n
UNIT < |< o
I 2 2 BB 5
23 134 s - Nl +
< |© |© v o< |m w
BIEIY|5 < w 10O o
< < O w|©° < ol | )
v | = S | P ° 4 1] (P bt CRE-R R z
o|la|8|8(C Bl-|B|E|R ol lo|o|lalo] v |a|n
V| QISR |2 ||| S|e|(w|le|(a|=|b|S|~|Z(a ir
mim|T[7|RI>™ (K| FT]|o|o|© |[=|=|=] =] S
mle|lv{v|lv]|lv|d|lo| || ||| |]|v]|v|[w|wv [O]O [3
Radio Transmitter 212(12(1 2 1 2 (1 1 71565[4)1 31
T-440/FRT-24
R-F Oscillator 2 3 5 (2 [4 |5 6 27
0-243/FRT-24
Power Supply 3 1 2 6
PP-454/FRT-5
Transmitter Control 1 5 6
C-1362/FRT-24
Total Number of Each Type 21241211 (3(3 (2 (2|56 (2 |13 |1 |5 |2 |4 (6 |7 [11 (|6 (1 70

*Tube type 866/866A may be substituted.
tTube type 872A /872 may be substituted.
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THEORY OF OPERATION

1. INTRODUCTION

Figure 2-1 is a simplified block diagram of
Radio Transmitting Set AN/FRT-24. The set
consists of six basic units: Radio Transmitter
T-440/FRT-24, Transmission Line Coupler CU-
390/FRT-24, Transmitter Control C-1362/FRT-
24 (two supplied), Telephone Set TA-267/U (two
supplied), R-F Oscillator 0-243/FRT-24, and
Power Supply PP-454/FRT-5. discussed in para-
graphs a through f, below. Detailed block diagrams
will be included whenever the complexity of a
particular unit requires such treatment. Radio
Transmitter T-440/FRT-24 is a self-contained
unit capable of generating an r-f carrier for c-w
and phone operation within the 2 to 30-megacycle
range. The transmitter can be made to provide

frequency-shift operation (FSK) if certain cir-
cuit modifications and additional equipment are
added. The output from the power stage in the
R-F Assembly is fed through a shielded coaxial
cable to Transmission Line Coupler CU-390/FRT-
24, which can feed the antenna through a two-
wire, 600-ohm balanced transmission line.

The transmitter can be operated locally by
means of its own front-panel controls or remotely
by means of Transmitter Control C-1362/FRT-24
and Telephone Set TA-267/U. Since two of each
of the latter components are supplied, the trans-
mitter is capable of being operated from two re-
mote positions. Dial pulses as well as a keying or
an audio input signal, depending upon the type
service desired, can be originated from either the
Transmitter Control or the Telephone Set. The

RADIO TRANSMITTER T-440/FRT-24

|~|om CHANNEL
R-F (2-2.2MC) PATCH R-F ASSEMBLY 2-30 MC I | TraNsMissION TO TWO-WIRE
OSCILLATOR ! PANEL (10 CHANNELS I LINE COUPLER ——qr%%%wss%#msg
0-243/FRT-24 ASSEMBLY 9 XTALS) [™LOCAL-REMOTE CL-390/FRT-24
] | ek ! CIRCUIT
250V DG AUTOTUNE I
6.3VAC CONTROL
| DIAL
POWER | DIAL DIAL PULSES TRANSMITTER PULSES TELEPHONE
Seeiy MICROPHONE _| MODULATOR |MODULATOR| . ‘oo I CONTROL SET
PP-454/FRT-5 INPUT ~™] ASSEMBLY DISABLING ASSEMBLY C-1362/FRT-24| Aypio OR TA-267/U
[——=-LOCAL-REMOTE (2 USED) (2 USED)
—LOCAL- CIRCUIT KEYING
1 REMOTE I SIGNAL
T CIRCUIT AUDIO OR KEYING SIGNAL
o CONTROL CIRCUIT OPERATION KEY KEY
FOR POWER AND/OR
EMISSION SELECTION INPUT INPUT
POWER o
e Hv POWER [230VAC| POWER |  ,g°¢5cps ‘
u +3000V| guppLY CONTROL POWER
(3 POWER ASSEMBLY SOURCE
POSITIONS) \
LOCAL-REMOTE
CIRCUIT
115/230V AC FOR
AUTOTUNE, BIAS
+600V LV POWER | L SUPPLIES, FILAMENT \
SUPPLY CIRCUITS, ETC
| +600 VOLTS TO I
LOW-LEVEL STAGES
IoF R-F ASSEMBLY l
| 115VAC
T SERVICE BLOWER
POWER ASSEMBLY
} 230V AC LTy B64! I

—

Figur 2-1. Radio Transmitting S t AN/FRT-24, Block Diagram
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dial pulses set up relays in the Dial Control As-
sembly, which in turn select the proper circuits in
the transmitter. In accordance v ith the number of
pulses dialed, the Dial Contr:l Assembly can do
the following: operate the Autotune system to
select one of 10 frequency channels in the R-F
Assembly, operate the Power Control Assembly
to turn off the power to filament circuits or the
Low-Voltage and High-Voltage Power Supplies;
operate to effect circuits in the R-F Assembly,
Modulator Assembly, and Power Control Assem-
bly for emission selection.

In phone operation, pressing the push-to-talk
button in the Telephone Set or external micro-
phone energizes the plate power supplies, putting
the r-f carrier on the air. Speaking into the Tele-
phone Set causes the Transmitter Control to feed
an audio voltage to the Modulator Assembly. For
local operation, a microphone can be connected
directly into the input of the Modulator Assembly.
This assembly modulates the 4-600-volt and
+3000-volt, d-c voltages supplied from the Low-
Voltage and High-Voltage Power Supplies, respec-
tively, and then applies this modulated voltage
through the Power Change Assembly to the
screen grid and plate circuits of the power-ampli-
fier stage in the R-F Assembly. The Power
Change Assembly is a resistive network that is
capable of dropping the input voltage of 4600
and 43000 volts to a lower value for one-half or
one-fourth the full rated output of the transmit-
ter. If the full rated power is required, the Power
Change Assembly shunts the d-c voltages around
its resistive networks.

In c-w operation, the Modulator Assembly is
disabled. Actuating or depressing an external
telegraph key connected to the Transmitter Con-
trol or Telephone Set causes a keyer assembly to
unblock the R-F Assembly circuits, and an r-f car-
rier is provided as long as the key is in the on
position,

The R-F Assembly uses nine crystals to provide
nine fixed frequencies (channels) lying in one of
the eight bands that divide the operating-fre-
quency range of 2 to 30 mec. The frequency of the
tenth channel can be varied so that complete cov-
erage for all eight bands is possible using an ex-
ternal vfo (variable-frequency oscillator). R-F
Oscillator 0-243/FRT-24 is an extremely accurate
and stable oscillator which is capable of supplying
an input frequency of 2 to 4.2 megacycles to the
R-F Assembly through the Patch Panel Assembly
when the R-F Assembly is set to channel 10. After
the 10 channels are manually adjusted and posi-
tioned, they can be returned to these positions
automatically by the operation of the Autotune
system during local or remote operation. In local
operation, the Dial Control Assembly, Transmitter
Control, and Telephone Set are disabled, and these
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items are replaced by circuits in the transmitter
which are energized by front-panel controls that
accomplish identical functions.

a. RADIO TRANSMITTER T-440/FRT-24.—
A simplified block diagram of Radio Transmitter
T-440/FRT-24 is contained within the overall
hlock diagram of the Radio Transmitting Set,
shown in figure 2-1. The transmitter consists of
10 major items. One of these items is a Cabinet
with accessories including blower assembly B641,
which supplies air cooling to the high-power tubes
in the Modulator and R-F Assemblies. The Cab-
inet not only houses the nine other items (R-F
Assembly, Modulator Assembly, Dial Control As-
sembly, Power Control Assembly, three separate
Power Supplies, Power Change Assembly, and
Patch Panel Assembly), but also R-F Oscillator
0-243/FRT-24 and Power Supply PP-454/FRT-5.
Figure 2-2 is a detailed block diagram of the
transmitter showing the tube functions of each
major item discussed below:

The R-F Assembly is capable of generating
up to one kilowatt of r-f energy into a 52-ohm
load. The frequency range of 2 to 30 mc is devel-
oped at a lower frequency by crystal oscillator
V101. The frequency is then stepped up to the
correct operating frequency by means of fre-
quency muitiplication. Switch section S101D
operated by the Autotune system can select any
of nine different crystals (Y101 to Y109) for
operation on a frequency lying in one of the eight
frequency bands. These frequencies, which are
also known as channels, must not be confused
with the term ‘“band”. The operating frequency
range of the transmitter is divided into eight por-
tions, or bands; for example, Band 1 occupies the
range of 2 to 3 me, Band 2 occupies the range of
3 to 4 mc, etc, as shown in table 2-1. The tenth
channel position on S101D is connected to an ex-
ternal signal source provided by R-F Oscillator
0-243/FRT-24 through the Patch Panel Assembly
connectors and cabling. In this position V101 acts
as an additional buffer stage. Oscillator voltage
regulator V107 maintains a constant 4+ 150-volt
input to the plate and screen circuits of the crystal
oscillator, to ensure maximum frequency stability.
Buffer V102 acts as a decoupling device between
V101 and the following r-f stages. Grid-blocking
voltage is also supplied to V102 from keyer V201B
for r-f carrier on-off keying during c-w operation.

The output signals from V101 pass through the
untuned buffer (V102) to the input of the first
frequency multiplier (V103). If the signal origi-
nates from the internal crystals (Y101 through
Y109), V103 is used to double the signal fre-
quency. In the tenth position when a signal of 2
to 4.2 mc is fed from the external oscillator, this
stage can operate as a doubler, a tripler, or quad-
rupler depending upon the required band. For
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frequencies up to the sixth band (2—16 me), the
output of the first frequency multiplier is fed
directly by switch sections S102B and S102C to
the input of r-f driver V105. For carrier frequen-
cies above 16 me, the output is applied to the input
of the second frequency multiplier (V104), which
operates only as a frequency doubler to supply
excitation to r-f driver V105.. The output of V105
drives power amplifier V106. The driver and
power-amplifier tubes are operated as Class-C
amplifiers receiving their negative grid bias of
—50 and —150 volts, respectively, from power-
amplifier bias rectifier V113. During phone oper-
ation, the plate and screen voltages of V106 are
modulated in order to produce linear 100 percent
modulation of this stage, which uses a tetrode-
type tube.

The keyer unit employs four tubes, V201 to
V204. V201 is operated as a dual-purpose tube:
section V201A functions as an inverter to convert
positive or polar positive impulses for marking
(key down), into negative impulses to feed to the
other section, keyer V201B, during c-w operation.
Negative or polar negative impulses are fed di-
rectly to the input of V201B. Keyer V201 feeds
bias to buffer stage V102 and screen-clamper tube
V202 during the spacing periods (key-up). The
buffer stage ceases to operate, removing all signal
drive to the following r-f stages, while V202 re-
duces the screen voltage of power amplifier V106
to a lower, safe value during the periods when
there is no grid drive. V204 and V203 are voltage
regulators which maintain at a constant level the
—105 and +450 volts fed to the bias and plate
circuits, respectively, of the keyer assembly.

All tuning controls (including the 10-position
channel switch and the eight-position band
switches used in the r-f stages of the transmitter)
that are repositioned for a change in operating
frequency are coupled to Autotune motor B240
through mechanical positioning heads. The con-
trol head is capable of positioning the channel-
switch shaft to 10 positions corresponding to 10
frequency channels, whereas six single-turn heads
can position their respective eight-position
switches or tuning capacitor controls to a position
in one of the eight bands corresponding to the
frequency channel selected. The Autotune motor
is actuated through a 10-position CHANNEL
SELECTOR switch and a parallel-connected
switching arrangement located on the control
head. When a channel is selected either through
the front panel selector switch or at a remote
point through the Dial Control Assembly, the
Autotune system automatically sets up the
switches and tuning controls (seven in all) con-
nected to the appropriate r-f stages.

The exciter voltage regulator employs two volt-
age reference tubes (V108 and V109) connected
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in series between the -—150-volt and 600-volt
power, and three parallel-connected voltage-regu-
lator pentode tubes (V110, V111, and V112)
maintain a constant 300-volt voltage for operation
of the lower-level r-f stages excluding r-f driver
V105. The d-c input for crystal oscillator V101 is
dropped to 150 volts and is given additional regu-
lation by V107.

The Modulator Assembly is capable of deliver-
ing sufficient audio power output to fully modu-
late the r-f carrier generated by V106. Designed
primarily for voice communications, the modula-
tor circuit includes a speech clipper (V605), a
band-pass filter at low power level, and a low-pass
filter at high power level. The clipper allows a
high average modulation level without consequent
overmodulation and splattering. The band-pass
filter attenuates the audio signals below 350 cps
and above 3500 cps, and thus allows a readable
signal with minimum harmonic interference and
usable sideband width. The audio input voltage
from a microphone during local operation, or
from a preamplifier in Transmitter Control C-
1362/FRT-24 during remote operation, is ampli-
fied by speech amplifier V601A, and the output is
fed through band-pass filter Z601 to phase in-
verter V601B. The phase inverter, employing a
single-ended tube, provides two audio signals,
180 degrees out of phase with each other to the
input of a push-pull Class-B amplifier, audio
driver V602, which develops sufficient voltage
swing to drive modulator tubes V603 and V604.
The modulator tubes are connected as a push-pull
amplifier, and are biased Class AB, by means of
modulator bias supply V606. The speech clipper
(V605) connected to the input of the modulator
tubes receives a negative bias from V606. When
the positive-going portion of the signal exceeds
the established bias, V605 conducts, limiting the
positive-going portion of the audio signal. Limit-
ing this portion of the signal (known as positive
peak extension to be discussed later in greater
detail) increases the modulation capability of the
transmitter without producing overmodulation
in the negative direction, which is the principal
cause of splattering and interference. The output
of the modulator tube is coupled to the r-f power
amplifier plate circuit through modulation trans-
former T691, the low-pass filter network, and the
Power Change Assembly. The screen grid of the
power amplifier tube is coupled to the 600-volt
supply through reactor L602 and the Power
Change Assembly. Reactor L602 allows the screen
grid to be self-modulating. Combined plate and
screen-grid modulation is provided in order to
obtain linear modulation of the power-amplifier
tube, which has a fairly high plate resistance..

The Power Change Assembly consists of two
voltage-divider circuits in series with the +600-
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volt and 43000-volt inputs to r-f power amplifier
V106. By means of two relays operated by a
switch, the voltage divider can be shorted out or
placed into the circuit in part or entirely for full,
one-half, or one-fourth of the transmitter rated
power output of one kilowatt.

The Power Control Assembly consists of control
branches and primary circuits for applying 115
volts, ac, or 230 volts, ac, as required to all
circuits of the transmitter for operating the
power, channel, and emission-selection systems.
A local-remote switch in this unit sets up the
transmitting set for operation locally or from one
of the two remote stations. The assembly also
contains an electronic time-delay circuit (V501)
which delays application of primary power to the
Low-Voltage and High-Voltage Power Supplies
during the tube warm-up period.

The Dial Control Assembly contains relays
actuated by pulses from Transmitter Control
C-1362/FRT-24 or Telephone Set TA-267/U.
During remote operation of the transmitter these
relays are capable of actuating the control circuits
in the Power Control Assembly to turn the trans-
mitter on and off, to select the frequency channel
by operating the Autotune system, and to select
the desired type of emission.

The Low-Voltage Power Supply utilizes V301
and V302, connected as a full-wave rectifier, to
deliver 600 volts, de, to the R-F and Modulator
Assemblies. The High-Voltage Power Supply em-
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ploys V401 and V402, connected as a full-wave
rectifier, to deliver 3000 volts, dc, to the plate cir-
cuits of the modulator tubes and r-f power ampli-
fier. The Service Power Supply, consisting of an
autotransformer, is connected to the primary
power of the transmitter to supply power for
Power Supply PP-454/FRT-5 and R-F Oscillator
0-243/FRT-24.

b. TRANSMISSION LINE COUPLER CU-
390/FRT-24.—The Transmission Line Coupler
matches the unbalanced, 52-ohm coaxial cable at-
tached to the output of Radio Transmitter T-440/
FRT-24 to a two-wire, 600-ohm balanced trans-
mission line. For convenience, shielding, appear-
ance, and safety to personnel, coaxial cable is used
to transmit r-f power within the transmitter shel-
ter, whereas for outdoor transmission 600-ohm,
two-wire lines are required to match the higher-
impedance inputs of broad-band type antenna
systems. The coupler first transforms the unbal-
anced, 52-ohm output to a balanced, 52-ohm out-
put, and then steps up the impedance to approxi-
mately 600 ohms by means of artificial transmis-
sion lines and other circuit refinements.

¢. TRANSMITTER CONTROL C-1362/FRT-

24.—A block diagram of Transmitter Control
C-1362/FRT-24 is shown in figure 2-3. An audio
signal can be applied by either an external ampli-
fier or microphone to input transformer T901.
Telephone Set TA-267/U is also connected to
T901. The input signal is amplified by trans-.
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former-coupled stages V901 and V903, the input
audio and output audio amplifiers, respectively,
both of which are operated Class A push-pull. The
advantages of using transformers T901, T902,
and T903 are ease in matching balanced input and
output lines, in driving the push-pull amplifiers,
and in obtaining a pass band (100 to 5000 cps)
for voice frequencies with optimum gain. An
audio-level meter (M902) can be switched to
measure the audio level at the output of V901 or
the audio level at the output of transformer T903.
The amplified signal taken from T903 is applied
to the Modulator Assembly through a 600-ohm,
balanced line.

A bridge-type compressor circuit reduces the
gain of the amplifier whenever the audio level ex-
ceeds a preset value. This circuit includes com-
pressor rectifier V904, compressor tube V902,
interstage transformer T902, and an audio bridge.
Whenever the audio signal from V903 exceeds the
preset value of cut-off bias applied to V904, V904
conducts, and the resulting rectified voltage is
applied to the input of V902. Tube V902 then
conducts and brings the audio bridge more nearly
into balance, so that the audio-signal voltage ap-
pearing across the primary winding of T902 is
reduced, thereby lowering the over-all gain of the
amplifier as long as a signal exceeding the preset
value is maintained.

Telephone dial S903 of the Transmitter Control
and the dial on Telephone Set TA-267/U are con-
nected in parallel, so that either component can
apply ground pulses to the Dial Control Assembly,
which in turn selects the required transmitter
function. The number of pulses transmitted cor-
responds to the number dialed. By dialing certain
positions, an established group of pulses will actu-
ate the Dial Control Assembly to set the transmit-
ter to a different frequency channel or type of
emission, or to turn off its plate or filament cir-
cuits. The new frequency channel to which the
transmitter has been set will be indicated on
CHANNEL meter M901, since a voltage propor-
tional to the channel selected is fed to this meter
from the Autotune system through the center tap
of T903.

The voltage for all the circuits of the Transmit-
ter Control is supplied by power rectifier V906.
Voltage for the operation of a microphone, for
push-to-talk relay K901, and for keying is ob-
tained from taps on bleeder resistors connected
across the output of V906. During phone opera-
tion, pressing the push-to-talk switch on the
microphone or Telephone Set TA-267/U, ener-
gizes K901, which in turn applies 50 volts, de,
through its contacts to energize a similar relay in
the Modulator Assembly so that plate voltage can
be applied to the transmitter. During c-w oper-
ation, a telegraph key is shunted across the nor-
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mally open contacts of K901, so that depressing
the key applies the same 50 volts, de, to the keyer
assembly, which then turns on the r-f carrier for
on-off type keying.

d. TELEPHONE SET TA-267/U.—Except for
certain modifications the Telephone Set is similar
in function to any ordinary commercial telephone.
The circuits of the Telephone Set are connected
in parallel with those in the Transmitter Control
so that the operator can use the set to dial a new
channel, turn filament or plate power on or off, or
the type of emission, as well as to modulate or key
the transmitter. The handset contains a standard
mouth and earpiece so that the operator can mod-
ulate the transmitter after the switch on the hand
grip is pressed. The mouthpiece, which is a car-
bon-type microphone, is connected to the audio-
preamplifier circuits in the Transmitter Control,
and the handset switch, when actuated, energizes
the push-to-talk control circuits in the Transmit-
ter Control and Modulator Assembly when the
transmitter is set for PHONE operation. For
two-way operation with another transmitting lo-
cation, the earpiece can be connected to the re-
ceiver. For c-w operation, a telegraph key can be
connected to a receptacle in the base of the Tele-
phone Set to permit on-off keying of the trans-
mitter.

e. R-F OSCILLATOR 0-243/FRT-24.—A sim-
plified block diagram of R-F Oscillator 0-243/
FRT-24 is shown in figure 2-4. The R-F Oscillator
is a very stable automatic-frequency-controlled
oscillator which covers a frequency range of 2 to
4.2 mc. It employs a master oscillator and ampli-
fiers in conjunction with automatic-frequency-
control circuits and a servo motor which maintain
the output frequency from the master oscillator
constant at any selected value within its range.
The circuits that provide power to drive the trans-
mitter are master oscillator V3131, first multiplier
V3111, and final amplifier V3113. (These circuits
are marked with an orange arrow on the chassis.)
The remainder of the circuits, with the exception
of the 450-kc mixer-amplifier (V3104), comprise
the frequency-control circuits. The 450-ke mixer-
amplifier (V3104) and the 100-kc amplifier
(V3102B) are both provided with external jacks,
so that the output of either may be fed to any
external equipment requiring a frequency source
of this type.

The stability of R-F Oscillator 0-243/FRT-24
can be controlled by a 100-kc standard signal,
either external or internal. The internal signal,
when used, is generated by the 100-ke crystal
oscillator (V3101). This 100-ke standard signal
is subdivided by a frequency-divider -circuit
(V3103) to 25 ke and is then mixed, in harmonic
mixer V3105 with the 100-ke signal from V3102B,
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to produce a signal range of 9.125 to 20.125 mec,
which in turn is amplified by V3106.

The 9.125 to 20.125-mc signal from V3106 is
mixed, in the first mixer (V3107), with the fifth
harmonic (10—21 mec) produced by multipliers
V3111 and V3112 from the generated frequency
(1—1.5 mec) supplied by V3131, to produce an
intermediate frequency (if.) in the range of 876—
900 ke. This i-f signal is amplified by V3108 and
combined in the second mixer (V3109) with a 75
to 100-ke signal, which is obtained by subdividing
the 300 to 400-ke output of interpolation oscillator
V3126 by means of dividers V3114 and V3115, to
produce an 800-kc i-f signal in the output of
V3109.

The 800-ke i-f signal is amplified by V3110 and
is then subdivided to 100 kc by regenerative di-
viders V3124 and V3125. V3124 also provides bias
to the first and second mixers and amplifiers, so
that the amplitude of the 800-ke¢ input from V3110
is maintained at a constant level at all times. Any
error in the frequency of master oscillator V3131
will appear as a deviation from the 100-kc signal;
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which is used as one of the inputs to an error-cor-
recting servo system. This input signal is com-
bined, in a pair of diode mixers (V3122 and
V3123), with a signal from the 100-kc standard
(V3102B) to produce an output which, although
in the audible range, still retains the original fre-
quency-error deviation. In one of the diode mix-
ers, the 100-ke standard input signal is shifted
90 electrical degrees, in order to provide a two-
phase output. This two-phase output is fed to a
pair of d-c amplifiers (V3120 and V3121), and
thence to a pair of power amplifiers consisting of
V3116, V3117, and V3118, V3119, respectively.
The resultant two-phase output from the power
amplifiers is fed to a-f-c motor V3101, which ro-
tates a capacitor in the master-oscillator circuit,
in the proper direction to correct the master-oscil-
lator frequency. As soon as the master oscillator
is set to the correct frequency, the 100-kc signal
from V3124 matches the 100-kec signal from
V3102B, and the motor ceases to rotate. The ca-
pacitor-centering relay (K3101) applies 115 volts,
ac, to the a-f-c motor when the SET UP-OPER-
ATE switch is thrown to SET UP. This sets the
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Figure 2-4. R-F Oscillator 0-243 /FRT-24, Block Diagram
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capacitor in the master-oscillator circuit to the
center of its range to permit adjustment of the
R-F Oscillator controls.

f. POWER SUPPLY PP-454/FRT-5. — This
Power Supply contains two similar power-supply
sections, each capable of providing outputs of
4250 volts unregulated, 4150 volts regulated,
and 6.3 volts, ac. One section of the component is
used to supply -+ 250 volts and 6.3 volts, ac, to the
plate and filament circuits, respectively, of R-F Os-
cillator 0-243/FRT-24. The section that supplies
the d-c voltage is produced by two rectifier tubes
(V1001 and V1002). The filament output is taken
from a winding on rectifier transformer T1001.
The +150 volts, which is regulated by a cold-
cathode type regulator (V1005), is not required
for the operation of the R-F Oscillator. The other
section of the Power Supply, employing two recti-
fier tubes (V1003 and V1004) and voltage regu-
lator V1006, can be used to supply plate and fila-
ment power to an external FSK oscillator when
the FSK function (after certain circuit modifica-
tions are made) of the transmitter is to be en-
abled. The d-c output voltage from either supply
can be measured by means of voltmeter M1001
and switch S1003. The input power of 230 volts,
ac, from the Service Power Supply in Radio
Transmitter T-440/FRT-24 is supplied to the pri-
mary windings of rectifier transformers T1001
and T1002 of the dual-section power supply. Oper-
ation from a 115-volt, a-c source is possible when
switch 81002 is thrown to the 115V position.

SIGNAL
FROM J 0'
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2. CIRCUIT ANALYSIS

a. RADIO TRANSMITTER T-440/FRT-24.—
Radio Transmitter T-440/FRT-24 consists of an
R-F Assembly, Modulator Assembly, Dial Control
Assembly, Power Control Assembly, three separ-
ate Power Supplies, Power Change Assembly, and
Patch Panel Assembly, which are mounted in and
interconnected within a cabinet. Each is discussed
in the following paragraphs.

(1) R-F ASSEMBLY.—The R-F Assembly,
shown in figure 1-3, is divided into a crystal oscil-
lator and buffer, two multiplier stages, a driver
and power-amplifier stage, a bias supply, an ex-
citer voltage regulator, a keyer assembly, and an
Autotune electromechanical system. Each is dis-
cussed in paragraphs (a) through (&), below.

(a) CRYSTAL OSCILLATOR . AND BUF-
FER (see figure 2-5).—The -crystal-oscillator
stage, using a JAN 5654 pentode (V101), is es-
sentially an electron-coupled, Colpitts-type circuit
employing a highly selective crystal in place of a
conventional tuned circuit for generating the
transmitter frequency. The oscillator can be
set to nine different channels within ‘the fre-
quency range of 1.0 mc to 8 mc by selecting crys-
tals Y101 through Y109 with the 10-position
channel switch (S101D). Each crystal has a
trimmer capacitor (C171 through C179), which
permits slight adjustment of the resonant fre-
quency of the crystal to a more accurate setting.
The oscillator portion of the tube consists of the
cathode, control grid, and screen grid, the latter
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element serving as the anode (held at r-f ground
potential by means of bypass capacitor C104).
Therefore, the crystal is actually connected be-
tween the control and screen grids; the ratio of
signal voltage fed between the two grids to main-
tain oscillation is determined by the r-f potential
established at the cathode by capacitors C102 and
C108 acting as a voltage divider. R-F choke L101
isolates cathode bias resistor R102 by offering a
high impedance to the signal, and thus prevents
unnecessary loading that might prevent oscilla-
tion. The generated r-f is coupled to the plate by
means of the electron stream within the tube.
Since the plate is not part of the oscillator circuit,
but is effectively isolated from the circuit by
means of the grounded screen grid, variations in
plate loading that might change the output fre-
quency are avoided ; therefore, frequency stability
of the circuit is ensured.

Channel switch S101, which selects the various
oscillator-frequency channels, is positioned by
_control head 0-284 in the Autotune system, which
is controlled in local operation by CHANNEL
SELECTOR switch S243, as explained in para-
graph 2.a.(1) (k) 3., or in remote operation by a
telephone dial at the remote station, as explained
in paragraph 2. ¢. (8) of this section. In channel
positions 1 through 9, switch section S101D con-
nects the appropriate crystal to the control grid
of V101. In position 10, a signal is applied from
R-F Oscillator 0-243/FRT-24, through the r-f
Patch Panel Assembly to the 52 OHM R-F INPUT
receptacle (J101). J101 is connected by plug P731
and a 52-ohm, type RG-58/U cable to the TRANS-
MITTER INPUT connector (J721), which must
be jumpered to the MASTER OSC. OUTPUT re-
ceptable (J722) by cable assembly W721 to obtain
the output from R-F Oscillator 0-243/FRT-24, a
variable-frequency oscillator that can be set to any
desired frequency over a 2.0 to 4.2:mc range. At
position 10, the crystal oscillator (V101) is no
longer self-excited, but operates as an r-f ampli-
fier and untuned buffer stage for the incoming
signal being applied from the external oscillator
to J101 and impedance-matching and loading re-
sistors R105 through R108.

Note

SWITCH WAFERS S101A, S101B, AND
S101C HAVE BEEN REWIRED SO
THAT THEY NO LONGER HAVE A
FUNCTION SINCE THE FREQUENCY-
SHIFT-KEYING OPERATION OF THE
TRANSMITTER HAS BEEN DIS-
ABLED. THE OUTPUT FROM THE
CRYSTAL OSCILLATOR IS SUPPLIED
THROUGH THE CONTACTS OF
SWITCH WAFER S101C AND COUP-
LING CAPACITOR C105 TO THE CON-
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TROL GRID OF THE NEXT STAGE,
BUFFER V102. REGULATED 4150
VOLTS FROM VOLTAGE REGULATOR
V107 IS APPLIED THROUGH THE
CONTACTS OF SWITCH WAFER S101A
TO THE PLATE AND SCREEN CIR-
CUITS OF V101.

D-C power is applied through load resistor
R104 to the plate of V101, and through voltage-
dropping resistor R103 to the screen grid of
V101, which is by-passed for rf by capacitor
C148; this power is supplied from the oscillator
voltage regulator described in paragraph 2.a.(1)
(f). The 4300 volts from this regulator is fed
directly to the next stage, V102, and is reduced
to 4150 volts by means of voltage-dropping re-
sistor R151 in series with voltage regulator V107,
a type JAN OA2 cold-cathode or glow-discharge
tube.

The buffer stage uses a type JAN 5763 pentode
tube as a broad-band amplifier which acts as an
isolation device to permit continuous stable oper-
ation of the crystal oscillator, especially during
keying, so that loading interaction on the oscilla-
tor from succeeding r-f stages is minimized. The
control grid is resistance-coupled to the oscillator
stage by means of capacitor C105 and grid-leak
resistor R109. The control-grid bias is obtained
across R109, which is connected to ground
through contacts (3) of FSK-CW relay K201 of
the keyer assembly (as explained in paragraph
2.a. (1) (e) of this section) when in the PHONE
position. Hence, the buffer stage will operate con-
tinuously during phone operation. When relay
K201 is energized during c-w operation, however,
the bias applied to this stage from the keyer as-
sembly through contacts (3) will vary in accord-
ance with keying, and the stage will operate only
during the key-down position. The output from
V102 is impedance-coupled by means of r-f choke
1.102 and capacitor C109 to the input of the first
frequency multiplier (V102).

(b) FREQUENCY MULTIPLICATION
(see figure 2-6) .—The first frequency multiplier,
employing a JAN 5763 pentode, can double, triple,
or quadruple the original oscillator frequency ap-
plied from the buffer stage, to produce an output
frequency range of 2 to 16 mc. The multiplication
factor provided is determined by the setting of
the eight-position BAND SWITCH (S102),
which sets up the conditions of operation not only
for the first frequency multiplier, but also for the
second frequency multiplier (V104). Table 2-1
indicates the function of various sections of S102
for each position of the switch, and. the frequency
scheme for the two stages. As shown in this table,
each position of the switch corresponds to a par-
ticular range, or band, of transmitter frequencies.
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The 2 to 30-mc frequency range of the transmitter
is therefore divided into eight bands. For the first
six bands, the output frequency of 16 mc, or less,
from V103 is fed around V104 directly to the
input of r-f driver stage V105, so that the signal
from V103 determines the operating frequency
of the transmitter. In the last two positions, the
second frequency multiplier (V104), also a type
JAN 5763 tube, operates as a frequency doubler
of a gsignal within the 8 to 15-mc range supplied
from the previous stage, to produce an output
signal within the 16 to 80-mc range. This r-f sig-
nal, which is fed to V105, establishes the new
operating frequency of the transmitter.

Note

THE BAND SWITCH CONTROL IS AN
ASSEMBLY WHICH CONSISTS NOT
ONLY OF S102 (WAFERS S102A TO
S102F) BUT ALSO OF S103, S104, S105,
AND 8106 —ALL OF WHICH ARE PO-
SITIONED BY A COMMON SHAFT AT-
TACHED TO SINGLE TURN HEAD,
0-290 OF THE AUTOTUNE SYSTEM.
THE AUTOTUNE SYSTEM -IS CON-
TROLLED IN LOCAL OPERATION BY
CHANNEL SELECTOR SWITCH S243
(REFER TO PARAGRAPH 2. a. (1)
(k) 3. OF THIS SECTION), OR IN RE-
MOTE OPERATION BY A TELE-
PHONE DIAL AT THE REMOTE LOCA-
TION (REFER TO PARAGRAPH 2. c.
(8) OF THIS SECTION).

The input to the control grid of the first fre-
quency multiplier is a low-Q, parallel-resonant cir-
cuit, consisting of 1103 in parallel with the stray
circuit and tube-input capacitances. Capacitor
C110 does not perform any tuning function in the
circuit but is used as a blocking capacitor to pre-
vent grounding of the d-c grid bias produced by
R113 and R114. The parallel-resonant circuit has
a higher impedance at the upper frequencies, be-
cause it is designed to peak in the 3 to 8-mc range;
therefore, in this frequency range, its input im-
pedance, and consequently the excitation fed to
the control grid, will be greater than in the lower-
frequency range of 1 to 8 mc. As a further aid to
obtaining a more uniform excitation, and to
equalize the greater signal input at the lower
frequencies, switch wafer S102F inserts damping
resistor R112 in series with L103 to decrease the
Q of the circuit in the first four bands. The plate
circuit of V103 is shunt-fed, the d-c voltage being
applied through r-f choke L104 and the r-f output
being coupled through capacitor C113 to a tuned
circuit consisting of variable capacitor C114 and
one of the five coils (L105 through L109) selected
by switch wafers S102D and S102E. After the
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first four switch positions, variable capacitor
C114 is taken out of the circuit by the action of
S102A, in order to permit tuning the circuit to
the higher frequencies. In band 1, coils 1,108 and
L109, connected in series, are in parallel with
C114 and padder capacitor C115, so that the out-
put circuit can be tuned over a range of 2 to 3 me,
or twice the input signal of 1 to 1.5 me. Switch
wafer S102E shorts coil L107 to ground for bands
1 and 2, to prevent possible coupling of its in-
ductance through the stray circuit and switch-
contact capacitances. In position 2, S102E also
shorts out coil 1109, so that the plate circuit,
which is now tunable over a 3 to 4-mc range, still
operates as a doubler for 1.5 to 2-mec input signals.
In position 3, the 4 to 6-mc band, L108, 1.109, and
C115 are shorted to ground by S102E, and L107
is selected by S102D to form part of the tuned
doubler circuit for 2 to 3-me input signals. In the
remaining positions, S102E shorts L107, 1108,
L1109, and C115, to prevent detuning effects. Note
that in positions 4, 5, and 7, S102D places L106
into the tuned plate circuit of V103, so that the
tube can be made to function as a doubler, tripler,
or quadrupler for any output signal in the 6 to 8-
mc and 8 to 12-mc ranges. In order to prevent
erratic operation, the multiplier is never operated
as a straight-forward amplifier; that is, its out-
put circuit is never tuned to the same frequency
as the input circuit. For maximum efficiency, the
plate circuit is always tuned to the lowest possible
multiple of the input frequency. In positions 6
and 8, S102D places coil LL105 into the plate tank
circuit for tuning over the 12 to 16-mec range.

For positions 1 through 6, or band frequencies
up to 16 megacycles, the output of the first multi-
plier is fed directly to the control grid of r-f driver
V105, through the contacts of S102C and coupling
capacitor C119. For positions 7 and 8, or trans-
mitter frequencies from 16 to 30 me, S102C ap-
plies excitation, within the range of 8 to 15 me, .
from the tuned circuit of V108 to the input circuit
of V104 consisting of voltage divider C116 and
C149. The impedance of parasitic-suppressor cir-
cuit E108 is negligible in this circuit; its sole
function, like that of E107 in the plate circuit, is
to prevent spurious u-h-f oscillation. Coupling to
the grid by means of a capacitor voltage divider
not only permits a more efficient transfer of energy
but also reduces the relative amplitude of the
higher harmonics present in the r-f signal, be-
cause the impedance of the capacitors decreases
with increasing frequency. The plate of V104 is
shunt-fed by r-f coil L110, and it is coupled by
capacitor C147 to a tuned circuit consisting of
variable capacitor C114B, placed in the circuit by
S102A in positions 7 and 8, and coil L112 (16 to
24 mc) or coil L111 (24 to 830 me), placed in the
circuit by S102B in positions 7 and 8, respectively.
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Figure 2-7. R-F Driver, Simplified Schematic

In positions 1 through 6, the output circuit of
V104 is grounded by the contacts of S102B. With
no input signal applied to the stage, protective
cathode bias is supplied by R117 —a function
identical to that provided by R114 in the previous
stage.

The plate-tank circuits of the first and second
frequency multipliers are tuned to the exact fre-
quency by a two-section, ganged variable capaci-
tor (C114). The manual positioning or presetting
of capacitor C114 is controlled, from the front
panel, by means of the EXCITER TUNING con-
trol. During channel selection the capacitor can
be returned automatically to the preset position
by means of singleturn head 0-287 of the Auto-
tune system. Since the two frequency-multiplier
stages are gang-tuned, the second frequency mul-
tiplier is always operated as a doubler to ensure
that the two stages will track properly.

Note

THE R-F TUNING COILS IN THE
FIRST AND SECOND FREQUENCY
MULTIPLIER PLATE-TANK CIRCUITS
ARE FACTORY ADJUSTED, AND UN-
DER MOST CIRCUMSTANCES WILL
NOT REQUIRE READJUSTMENT.

The power for the buffer and the two frequency-
multiplier stages is obtained from the Low-Volt-
age Power Supply of the transmitter. The power

ORIGINAL

supply delivers 4600 volts to the exciter voltage-
regulator circuit, which supplies regulated + 300
volts to the plate and screen circuits of the tubes.

(¢c) R-F DRIVER (see figure 2-7).—The
r-f driver, employing a JAN 4-65A tetrode
(V105), operates at the output frequency to pro-
vide sufficient excitation to drive power amplifier
V106. The r-f driver tube is biased for Class-C
operation from a separate bias supply, and ampli-
fies the signal from either the first or second
multiplier stage depending upon the output fre-
quency selected.

The input frequency applied to the control grid
of V105 through coupling capacitor C119 and
u-h-f parasitic-suppressor circuit E161 is con-
trolled by switch contacts of S102C for the first
six bands (2 to 16 me¢) from V103, and through
switch contacts S102B for the last two bands (16
to 30 me¢) from V104. The plate circuit is shunt-
fed, the d-c voltage being applied through r-f
choke L114, and the r-f output through capacitor
C124 to a tuned circuit consisting of variable
capacitor C125 and a tapped inductor consisting
of 115, 1116, and L117. Wafer switch S103 not
only introduces a different portion of this inductor
to change the resonant frequency of the tank cir-
cuit to conform to each new band, but also shorts
out the unused portion of the tank inductor to
avoid detuning effects. For operation in the 2 to
3-mc band, the three coils are in series. On pro-

213



2 Schn
Paragraph 2a(1) (c)

gressively higher-frequency bands, L117 and ad-
ditional turns on L116 and L115 are shorted to
produce the correct inductance for the operating
frequency. All the fixed capacitors that are con-
nected to the switch are part of the neutralizing
circuit of power amplifier V106, which will be
discussed later, The plate tank circuit is tuned to
the exact frequency by a variable air dielectric
capacitor (C125). The manual positioning, or pre-
setting of C125 is controlled from the front panel
by means of the DRIVER PLATE TUNING con-
trol. During channel selection, the capacitor can
be returned automatically to the preset position
by means of singleturn head 0-286 of the Auto-
tune system. S103 is part of the BAND SWITCH
control, and is positioned together with S102,
5105, and S106 as discussed in paragraph (b)
above.

V105 is biased for class C operation with a com-
bination of grid leak bias and fixed bias. —50 volts
for protecting V105 is applied through meter
M101 and r-f choke L113. DRIVER GRID meter
M101 is a d-c milliammeter used for indicating the
grid current of V105. The plate voltage for the
stage, 4600 volts, is applied to the plate load
impedance (L114) through meter M102 and an
r-f filter, consisting of L131, C145, and C146, for
bypassing r-f currents around the meter and
power supply. DRIVER PLATE meter M102 is a
d-c milliammeter used for indicating the input
plate current to V105. The voltage to the screen
grid is dropped by the resistance composed of
R119, R120, and R121. This tube element, which
is kept at r-f ground potential by means of C120
and C122, acts as an interelectrode shield and thus
eliminates the need to neutralize the stage. As a
protective measure to prevent excessive screen
current from damaging the tube when excitation
is removed from the stage, such as during the
spacing intervals of keying the screen voltage is
reduced during these intervals by means of the
screen clamper tube (V202) operated by the keyer
unit (see paragraph 2.a. (1) (e) of this section).
Capacitors C121 and C123 connected across the
filament of V105 provide an electrical center for
tube current, and thus eliminate a-c hum.

(d) POWER AMPLIFIER (see figure 2-8).
—The power-amplifier stage, employing a JAN
4-1000A tetrode (V106) operates at the output
frequency to supply up to one kilowatt of r-f
power to the antenna system through Transmis-
sion Line Coupler CU-390/FRT-24. As explained
in paragraph 2.b. of this section, this coupler
matches the unbalanced, 52-ohm output from the
transmitter to a 600-ohm balanced line. The power
amplifier, as-shown in figure 2-7, is biased for
Class-C operation by a combination of fixed and
grid-leak bias. Voltage for the fixed bias (—150
volts) is obtained from a separate bias supply,
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and the grid-leak bias voltage is developed across
R122. In PHONE operation, the plate of the tube
is fed audio power from the modulator (see para-
graph 2.a. (2) of this section) to produce 100-
percent modulation of the r-f carrier. The screen
grid is self modulating because reactor L1602
is in series with the d-¢c power supply.

The input frequency is applied through u-h-f
parasitic-suppressor circuit E109 to the control
grid of V106, directly from the plate tank of the
r-f driver tube. The output signal from the plate
is applied to the plate tuned circuit through para-
sitic-suppressor circuit E105 and capacitor C132.
The plate is shunt-fed, the d-c voltage being ap-
plied through r-f chokes L119 and L120. Switch
5106 shorts out L120 in all bands above the third
(6 me), in order to maintain suitable r-f choke
characteristics over the entire frequency range of
the transmitter. The power-amplifier tuned cir-
cuit is formed of a pi-type, impedance-matching
network which greatly attenuates harmonics and
provides an excellent match between the high-
impedance plate circuit and a low-impedance load.
The pi network consists of C134, a variable va-
cuum-type plate-tuning capacitor, a tapped induc-
tor comprising coils L1123 to L126, and sections of
C135 and/or C136, plate load variable capacitors.
Wafer switches S104 and S106 are operated to-
gether with S102 and S103 by means of the BAND
SWITCH control discussed in paragraph 2.a. (1)
(k) of this section. S104 is an eight-position
switch which not only introduces a different
amount of inductance to change the resonant fre-
quency of the pi network to conform with each
new band, but also shorts out the unused portion
of the inductance to avoid detuning effects; an-
other portion of this switch introduces one or
more sections of C135 and/or C136, as shown in
table 2-2. These capacitor section$ are preset by

TABLE 2-2, BANDSWITCHING FUNCTIONS OF
S104 IN POWER AMPLIFIER PLATE TANK

SWITCH | BAND
POSI- (me)

FUNCTIONS OF SWITCH

TION TUNING COILS TUNING
CONNECTED CAPACITORS
CONNECTED

1 2—3 (L123, L1124, L125,
and L126

2 3—4 |L123, L124, L125,
and part of L126

3 4—6 |L123, L124, L125,
and part of 1126

4 6—8 |[L123, L124, and

C135 and C136
C135 and C136
C135 and C136
C135 and C136

L125

5 8—12 {L123, L124, and C136
part of L125

6 12—16|L123, L124, and C136

part of L125

7 16—24|L123, and L124 C136B only
8 24—30|L123 C136B only
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the P.A. LOADING control to adjust the tank
current, while C134, which resonates the plate
circuit to the exact frequency is preset by the P.A.
PLATE TUNING control. During channel selec-
tion, these controls can be returned automatically
to their preset positions by means of singleturn
heads 0-286 and 0-289, of the Autotune system.
The output or L-section of the network consists
of coils 127, L128, and L122 joined to a modified
T network which is mounted on a separate chassis
and connected between L134 and L136 to supply
additional harmonic-frequency suppression. These
networks are used to match a 52-ohm load, and
cancel the reactance of the load at the particular
output frequency. Switch S105 adjusts the induc-
tance of loading coils L127 and L128 for each
frequency band. Normally, positions 1 through 8
of this switch correspond respectively with the
eight bands previously selected by the BAND
SWITCH. Since S105 is preset separately by
means of the LOADING COIL SWITCH control
(which can then be automatically returned to this
position by singleturn head O-288 of the Autotune
system during channel selection), the switch ean
be adjusted independently to compensate for vari-
ations in load impedance. The inductance is
changed in a conventional manner, turns of L127
and L128 being shorted together as the switch
arm is advanced from position 00 to position 10.
The modified T network consists of coils L134,

NAVSHIPS 92223(A)
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L135, and L136 as the arm of the T network and
capacitors C182 through C191 forming the re-
mainder of the T network. The output is taken off
at receptacle P102 and fed through a cable as-
sembly, consisting of a 52-ohm, RG-17/U coaxial
cable and plugs J102 and J107, to Transmission
Line Coupler CU-390/FRT-24. The r-f current at
the output is measured by thermocouple TC101,
which feeds a voltage proportional to the heating
effect of this current to RF LINE CURRENT
meter M104. Coils L129 and L133 and capacitors
C137 and C166 are used for r-f blocking and by-
passing, respectively.

Although the screen grid of the power amplifier
is grounded by bypass capacitors C128, C131,
C143, and C144, enough feedback exists between
the plate and control grid, because of the high
voltages used on these tube elements, to necessi-
tate the use of capacitance-bridge neutralization,
as shown in figure 2-9. The plate-grid capacitance
(C,e), through which feedback could cause the
stage to oscillate, is neutralized by introducing by
means of capacitor C126A (C,) a voltage of equal
phase and amplitude at the opposite or bottom end
of the grid-tank inductance, formed of L115, L1186,
and/or L117. Since the voltage at one end of a
coil is 180 degrees out of phase with that at the
other end, C,. is always neutralized. The power
amplifier must be neutralized by presetting the
P.A. neutralizing adjustments, C126A and E106,

NOTE 2
(C140, Cl41,

cl42, Cl68,
clée9, Ci70)

cl26B

EI06

ci132
] (et TO
Pl
POWER SECTION
AMPLIFIER
vI06
N
(ci1268B)
NOTES:

l. Ly CONSISTS OF CORRESPONDING PORTIONS OF
LIS, LII6, AND/OR LII7 TAPPED BY SWITCH SI03
TO OBTAIN THE CORRECT INDUGTANCE FOR EACH
ONE OF EIGHT BANDS.

2. Cx IS CHANGED BY SI03 IN ACCORDANCE WITH THE
NEUTRALIZING CAPACITANCE REQUIREMENTS FOR
THE FIRST THREE BANDS;, FOR THE LAST FIVE
BANDS Cx IS OUT OF THE CIRCUIT.

3. Cgp REFERS TO PLATE-~CONTROL GRID INTER-
ELECTRODE CAPACITANCE OF VIO06.

4. Cgr REFERS TO CONTROL GRID- FILIMENT
ELEGTRODE CAPACITANGE OF VIO06.

Figur 2-9. P w r-Amplifi r N vtralizati n Circuit, Simplifi d Sch matic
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as explained in Section 7, paragraph 6.a.(6). To
insure that the tetrode is properly neutralized, the
ratio of C, to C; (the grid-return bypass capaci-
tance) must be approximately equal to C,. and
C,: (grid-to-filament capacitance). C, always in-
cludes fixed capacitor C126B and variable induc-
tor E106, which is a bolt connecting to a strap at
the bottom of the capacitor. Adjusting the length
of the bolt above the chassis neutralizes the am-
plifier on band 8 (described in Section 7, para-
graph 6.a.(6)) where the neutralization adjust-
ment is very critical. Neutralization on bands 1,
2, and 3 requires several different values of ca-
pacitance across C126B, which are placed into the
circuit by switch wafer S103. Figure 2-9 indicates
the capacitors that are substituted for C, to bal-
ance the bridge circuit for each of the three band
positions. Capacitors C169 and C141 are connected
in series, as are C170 and C140, to provide a
greater safety factor.

The direct current drawn by the grid circuit is
measured by PWR AMP GRID meter M103. The
plate voltage for the power amplifier (43000
volts) is applied through r-f choke L1121 and
meter M105. Capacitors C181 and C133 bypass
r-f currents around the meter and the power sup-
ply. P.A. PLATE meter M105 is a d-c¢ milliam-
meter used for indicating the input plate current
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to V106. The tube is protected from damage by
P.A. overload relay K102, which operates when
the tube current exceeds an allowable value (ap-
proximately 600 ma.). The manner in which this
relay operates to disable the plate-voltage circuit
is discussed more fully in paragraph 2.a.(4) (a)
of this section. R150 is a sensitivity adjustment
for controlling the current level at which the relay
will be energized, while C138 prevents a-c chatter.
C129 and C130 bypass r-f current from filament
to ground. The screen voltage (4600 volts) is
supplied through LV-TUNE-OPERATE switch
S242A, voltage-dropping resistor R157, and r-f
choke L132. When this switch is at the L'V posi-
tion for purposes of tuning and trouble-shooting,
the high voltage is disabled, as explained in para-
graph 2.a.(4) (a) 3. of this section, and the screen
voltage is disabled by K401. In the TUNE posi-
tion, contacts of this switch allow the high-voltage
circuit to be energized while the screen grid volt-
age is by the divider composed of R158 and R159.
This limits the plate current of V106 to a safe
value in tuning procedure. At the TUNE-OPER-
ATE position, contacts of this switch energize the
high-voltage circuit and short out R158 so that
the full screen voltage can be applied. The plate
and screen voltages fed from the High-Voltage
and Low-Voltage Power Supplies, respectively,
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through the Power Change Assembly can be
changed in value for operation at one-fourth or
one-half the full rated power, as described in
paragraph 2.a.(7).

(e) KEYER ASSEMBLY (see figure
2-10) .—The purpose of the keyer assembly is to set
up the transmitter circuits for phone or c-w opera-
tion. Although the FSK function of the transmit-
ter has been disabled, a brief explanation will be
given to provide an understanding of the circuits
that pertain to this function. When the transmit-
ter is on c-w operation, as selected locally by .the
PHONE-CW-FSK switch (S505), or by a tele-
phone dial at the remote station, the keyer assem-
bly will accept positive, negative, polar-positive,
or polar-negative impulses for marking during
on-off keying.

The keyer assembly uses a JAN 5814 dual-tri-
ode tube (V201), section A being operated as an
inverter and section B as a keyer, and a JAN
5763 pentode tube (V202) as a screen clamper.
The keyer circuit requires two regulated d-c op-
erating voltages, —105 and 4450 volts. The for-
mer is derived from the r-f bias supply through
a JAN OB2 voltage-regulator tube (V204). The
latter is obtained between this bias supply and the
Low-Voltage Power Supply. The + 600-volt input
from the Low-Voltage Power Supply is applied to
R220, which is connected to.the anode of a JAN
0A2 voltage-regulator tube (V203), and the
4300 volts from the exciter voltage regulator is
connected to the cathode, producing a voltage out-
put of +450 volts as measured to ground. The
total d-c voltage from the two supplies is applied
across voltage dividers: R227 to R217 (eight re-
sistors in all) and R226 to R210 (seven resistors
in all),

When the REMOTE-LOCAL switch (S504) is
in the REMOTE position with the transmitter op-
erating on c-w emission, and the POLARITY
switch (S201) is in the positive position, pesitive
voltage impulses from an external keying device
such as Transmitter Control C-1362/FRT-24 can
be fed to the control grid of inverter V201A
through a voltage divider consisting of INPUT
ADJ potentiometer R201 and resistors R202 and
R203. R201 is adjusted to produce 30 volts during
marking (key down), as measured at INPUT re-
ceptacle J201 (see paragraph 5.d.(6), Section 3).
R202 and R203 further step down the input key-
ing voltage to produce the correct voltage swing
at the control grid. INVERTER ADJ potentio-
meter R209 in the plate circuit of this tube is ad-
justed (Section 3, paragraph 5.d.(6)) to produce
zero volts as measured at INVERTER receptacle
J202 during spacing (key up). A positive mark-
ing impulse on the inverter grid will cause the
plate current to increase and the positive voltage
at the junction of R206 and R207 to decrease, ef-
fectively causing the arm of R209 to feed a nega-
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tive pulse to load resistors R221 and R223. Since
the FSK-CW relay K201 is energized during c-w
operation and since POLARITY switch S201 is in
the positive position, the negative impulse taken
from R221 and R222 is fed through contacts (2)
and (5) of K201 and grid-current-limiting resis-
tors R211 and R218, to the control grid of keyer
V201B and screen clamper V202, respectively.
The plate currents of these tubes decrease, causing
their respective load circuits to increase in a posi-
tive direction with the result that the transmitter
circuits are activated as described in the following
paragraphs, and produce an r-f carrier for the
duration of the pulse,

The CW OUT ADJ. potentiometer (R 215) in
the plate circuit of keyer V201B is adjusted dur-
ing marking (key-down) position to produce zero
volts (ground) as measured at CW receptacle
J203 (Section 3, paragraph 5.d.(6) ). During spac-
ing, the negative pulse on the control grid V201B
disappears, the plate current increases, and since
the voltage at the junction of R212 and R213 in-
creases, the voltage at the arm of R215 becomes
negative in relationship to ground. This negative
pulse is then applied to the control grid of buffer
V102, and the buffer plate current is cut off to
produce the space in on-off keying. During key-
down conditions the grid of keyer V201B becomes
negative, causing its tube current to be cut off,
with the result that the voltage on the arm of
R216 is returned to zero potential, allowing the
buffer to operate and produce the mark in on-off
keying.

During the marking position, the negative key-
ing impulse from the inverter circuit is also ap-
plied to the grid of screen clamper V202. The plate
circuit of V202 is connected to the screen grid of
r-f driver V105. Hence, the plate.current flow
through V202 is cut off, causing the normal
amount of voltage to be applied to the screen of
the r-f driver tube. However, during spaces in on-
off keying, when the clamp-tube grid voltage is
zero, the clamp-tube plate current flows. This
plate current flow causes the voltage drop across
the driver-screen dropping resistors to increase,
so that the effective screen voltage is reduced.
The tube is therefore protected from damage due
to excessive grid current during the periods when
there is no signal, because the buffer tube has
been disabled to produce a space in on-off keying.

When negative voltage impulses from an ex-
ternal keying device are available for feeding to
the keyer unit, inverter V201A is not used, and
POLARITY switch S201 must be in the negative
position. Negative impulses of the proper ampli-
tude are then fed directly to INPUT receptacle
J201 and load resistors R222 and R224 and are
distributed to the input of V201B and V202 for
keying the transmitter circuits for on-off opera-
tion, as expliined in the previous paragraphs.
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When the transmitter is set for phone or FSK
operation by the PHONE-CW-FSK switch (S505)
or by a telephone dial at a remote station, the
FSK-CW relay (K201) is de-energized. Although
the FSK function is not used, for purpose of clar-
ifying certain circuits in the keyer unit, this
function will be discussed in the following para-
graphs. When relay K201 is de-energized, its con-
tacts perform the following functions:

Contacts (1) open and enable the modulator to
operate when emission-selector switch 8505 is in
the PHONE position and the press-to-talk button
on the microphone is pressed as described in para-
graph 2.a.(2). In the FSK position, this switch
disables the modulator, whereas relay K201 is
energized in the CW position, closing contacts (1)
so that the transmitter can operate when the tele-
graph key is pressed.

Contacts (2) connect the grid of screen clamper
V202 to the —105-volt source to cut off the tube
and allow the driver screen grid to operate at its
regular voltage, since an input signal to this stage
is present whenever the plate voltage is on.

Contacts (3) place ground on the low side of
grid-leak resistor R109 of buffer stage V102, so
that this stage operates as long as plate voltage is
being applied to the transmitter.

Contacts (4) connect the keying output from
the arm of the FSK ADJ. potentiometer (R215)
to CHANNEL switch wafer S101. This switch
can be wired to the input of an FSK oscillator,
which can then swing the operating frequency of
the transmitter to conform with the keying. When
such an oscillator is used, the output is adjusted
by R215 and measured at F'S receptacle J204, the
proper voltage level at either the marking or spac-
ing position depending upon the individual re-
quirements of the FSK oscillator.

Contacts (5) connect the keyer grid to a point
of lower voltage on one of the keyer dividers, since
the keyer output-voltage swing need not be as
large when keying an FSK oscillator as when key-
ing the buffer stage during c-w operation. For a
positive-polarity input keying signal, switch S201
is set to the + position, and the lower section of
voltage divider R221 and R223 applies a signal
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to the keyer grid. For a negative-polarity input,
the switch is set to the —position and the lower
section of voltage divider R222 and R224 feeds a
signal to the keyer.

TEST KEY S241 can be used for supplying
local keying impulses for either testing the trans-
mitter or adjusting the keyer unit, as described
previously for FSK and c-w operation. 8241 is a
lever-action type switch; in the down position it
acts as a momentary switch, whereas in the up
position it locks in place to supply —105 volts
from voltage regulator V204 to the control grids
of keyer V201B and screen clamper V202. In FSK
operation, buffer V103 is operating and V202 is
continuously receiving this voltage through the
contacts of de-energized relay K201 ; for this con-
dition operating the TEST KEY will only shift
the r-f carrier. However, in c-w operation, oper-
ating the TEST KEY between center and its up
or down position, will turn the r-f carrier on and
off to conform with the on-off operation of the
buffer and screen-clamper tubes.

(f) EXCITER VOLTAGE REGULATOR
(see figure 2-11).—The exciter voltage-regulator
circuit consists of a voltage regulator made up of
three JAN 5763 pentodes (V110, V111, and
V112), connected in parallel to divide the 4 300-
volt regulated current into three equal paths (to
eliminate a bulky single tube), and a source of
reference voltage made up of two JAN OA2 cold-
cathode type reference tubes (V108 and V109).
This circuit supplies regulated 4300 volts to the
crystal-oscillator voltage-regulator tube V107, to
the screen-grid and plate circuits of buffer V102
and frequency multipliers V103 and V104, to the
cathode of voltage-regulator tube V203, and to
channel-indicating switch S240.

The +600 volts fed to the plates of the voltage
regulator (V110, V111, and V112) is dropped to
approximately 300 volts (as measured to ground)
by load resistors R155 and R156 and the bucking
voltage of the —150-volt supply. The sum of the
voltage drops between the --600-volt input and
the —150 volts from the bias supply produces a
negative signal on the control grids. This signal
will vary in accordance with power-input (4600

ouTPUT MY I+6°°V
+300V 15 EXCITER EXCITER l
REGULATED VOLTAGE VOLTAGE cie7
i REGULATOR' REGULATOR SIOF
EXCITER TUBE TUBE .
B 8 :
TUBE 5763 5 R
V4109 rR123s7 T
OA2 3300
R125 i Ri27 ’ .
EXCITER
REGULATOR 470 470
REFERENCE L L
TUBE 2 J{
V108
0A2 Ri24<7 RIS4
22K 100 K +300V
-150V. =
Figure 2-11. Exciter V Itag Regulat r, Simplified Schematic
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volts) fluctuations by a certain amount above or
below the mean voltage of 4300 volts established
by reference tubes V108 and V109, which are con-
nected in a voltage-divider circuit. The plate cur-
rents through the voltage-regulator tubes will
change causing these tubes to act as automatic
variable resistors to maintain a constant output
of +300 volts. This control voltage at the junction
of R124 and R154 becomes less negative as the
+600-volt input rises, because the voltage drop
across V108 and V109 remains constant. When
the exciter regulator grids become less negative,
the plate current increases. The voltage drop
across resistors R155 and R156 is therefore in-
creased, so that the exciter-regulator reference
voltage is reduced to the proper value. Conse-
quently, if the exciter-regulator reference de-
creases, the control voltage to the grids of V110,
V111, and V112 becomes more negative, the plate
current decreases, and the plate voltage rises to
its former value. Voltage-dropping resistor R123,
connected in series with V108 and V109, drops
the reference voltage slightly to impress the cor-
rect bias on the grids of the tubes. However, the
voltage drop across this resistor does not change
substantially with voltage variations, because
V108 and R109 are connected in series with R124,
a resistor of much higher value than R123; there-
fore, voltage variations between the negative
voltage source and the regulated 300-volt output
will appear for the most part across R124 and
consequently R154. The resistors in the control-
grid and screen-grid circuits of V110, V111, and
V112 prevent oscillations at audio frequencies or
higher. Capacitor C167 is a bypass capacitor for
shunting audio and r-f currents around the volt-
age regulator.

(9) R-F BIAS SUPPLY (see figure 2-12).
—The r-f bias supply uses a JAN 5Y3SWGTA type
tube connected as a full-wave rectifier with the
positive side grounded, to supply a negative 150-
volt output through a choke-input filter to the
voltage-divider and bleeder network, R148 and
R149. The full output voltage (—150 volts) sup-
plies bias to power amplifier V106 and the exciter
voltage-regulator voltage-divider circuit. This
voltage is also supplied through voltage-dropping

resistor R219 to voltage regulator V204, which

applies —115 volts to the keyer unit and TEST
KEY 8241 for biasing and keying purposes. A
negative 50 volts at the junction of R148 and
R149 is used for biasing r-f driver V105. A 6.3-
volt winding on bias transformer T103 supplies
filament power for crystal oscillator V101 and
buffer amplifier V102. Terminal E102 is pro-
vided for filament connections to an FSK oscil-
lator or to other external equipment which may
be incorporated into Radio Transmitting Set
AN/FRT-24.
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(k) AUTOTUNE SYSTEM.—The operat-
ing frequency within the 2 to 30-mec range for Ra-
dio Transmitter T-440/FRT-24 is determinﬁ by
the position of the CHANNEL SELECTOR switch
and the following controls (see figure 4-1) : BAND
SWITCH, EXCITER TUNING, DRIVER PLATE
TUNING, P.A. PLATE TUNING, P.A. PLATE
LOADING, LOADING COIL SWITCH. These
tuning controls and switches can be automatically
set to exact, predetermined positions by means of
the Autotune system, which can be controlled
locally at the transmitter or from a remote station
using Transmitter Control C-1362/FRT-24 and/or
Telephone Set TA-267/U. Refer to paragraph
2.a.(3) (b) of this section for a circuit description
of the Autotune using a dial-type remote control
system. The basic Autotune system shown in fig-
ure 7-24, consists of six singleturn positioning
heads, a 10-position control head, and a two-phase
a-c motor with associated chain drives and gear-
ing to rotate the control and positioning heads.
The electrical circuit for positioning the Autotune-
driven elements by controlling the operation of
motor B240 consists of the control-head circuitry,
CHANNEL SELECTOR switch S243, motor-
starting relay K240, and motor-reversing relay
K241. The six front-panel controls shown in fig-
ure 4-1 are each connected to a singleturn head.
Channel switch S101, which is used for selecting
one of nine crystals or an external r-f signal, is
connected to the shaft of the control head.

1. SINGLETURN HEADS.—Singleturn
heads 0-290 and 0-288 position bandswitches
S102, S103, S504, and S106 and the L-network
shorting switch (S105), respectively; singleturn
heads 0-237, 0-286, and 0-289 position the tuning
capacitors for the multiplier, driver, and power-
amplifier plate tanks, respectively; and singleturn
head 0-285 positions the pi-network loading capac-
itors. All singleturn heads are identical except for
a slight modification of 0-286 and 0-287 ; these two
rotate their associated shafts through 180 degrees
instead of 330 degrees. The singleturn heads can
be preset to operate the previously mentioned
switches and capacitors for 10 different frequency

v i02 v iol
Tioa s 3 3 6.3V.AC
FOR Fs OSC.
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Figure 2-12. R-F Bias Supply, Simplifi d Schematic
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FROM_AUTOTUNE
MOTOR B240-

SLIP CLUTCH
HOUSING

STOP RING DRUM
9

ROTATION STOP
10

WORM GEAR ,TO OTHER SINGLE TURN
| / HEADS

_~TO DRIVEN ELEMENT,
<~ CAPACITOR,OR SWITCH

THIS IS A REPRESENTATIVE DRAWING.

PART ARE NOT NECESSARILY DRAWN TO SCALE
FIRST DIRECTION (CCW)IS SHOWN AS SOLID
ARROW,; SECOND DIRECTION (CW) IS SHOWN AS
DASHED ARROW.

PAWL STACK
"

PAWL TOE

Figure 2-13. Singleturn Head, Mechanical Diagram

settings. For manual tuning or presetting, the
thumb screws on the control knobs are loosened.
The Autotune system must not be operated while
the thumb screws are loose or all the channel set-
tings may be lost. All locking keys must be secured
before operating the transmitter. In order to posi-
tion the singleturn heads, Autotune motor B240
drives them through chain belts and gears in the
counterclockwise direction preparatory to the fi-
nal adjustment, which occurs when the motor re-
verses rotation. (The counterclockwise direction
will be known as the first direction, and the clock-
wise direction, as the second direction throughout
the following discussion.) Figure 2-13 is a simpli-
fied diagram of typical singleturn head; it is not
an exact mechanical representation, but is ade-
quate for purposes of explanation. Figure 7-11 is
an exploded view of a singleturn head.

The portion of shaft 4 extending from the back
of the singleturn head is coupled to the circuit
element (such as wafer switch or variable capaci-
tor) being controlled, while the portion of the
shaft extending from the front of the unit is at-
tached to a knob used for manual tuning and
channel setting. Autotune motor B240 drives
worm gear 1 in the first direction so that gear 2
rotates in the direction indicated by the solid ar-
row, in figure 2-13. Gears 2 and 3 are fastened
together, and rotation of gear 2 causes rotation
of cam drum 7 through gears, 3, 5, and 6 and rat-
chet drive 8. A clutch action exists between shaft
4 and gear 2 (and 3). Stop-ring drum 9 rotates
in the first direction until rotation step 10 halts
the shaft rotation, and the clutch slips keeping the
stop-ring drum stationary. This action insures

2-22

that the stop-ring drum always starts from the
home-stop (0-degree) position in preparation for
its clockwise or second direction of rotation. Cam
drum 7 continues to rotate until the Autotune
motor reverses direction.

Cam drum 7 is composed of 10 slotted rings, the
slots of which are evenly spaced around the drum,
so that each slot corresponds to a position of seek-
ing switch S251 in the Autotune control head cir-
cuits (paragraph 2a.(1) (h)4. of this section);
ring 1 is synchronized with the first position of
S251, etc. Pawl stack 11 is composed of 10 pawls,
each of which has a heel and a toe. The pawl heels
ride on their corresponding cam-drum rings,
which keep the pawl toes in a back position, and
do not allow them to fall into the slots on stop-
ring drum 9. The pawl heels are tapered, so that
when the cam drum rotates in the first direction,
the heels fall part way into their respective slots,
but ride out of the slots as the drum continues to
rotate. In the first direction, if a pawl toe falls
into its slot, on the stop-ring drum, the cam drum
rotation will cause the pawl heel to ride out of the
cam-drum slot, thus raising the heel and disen-
gaging the toe from the stop ring. At the begin-
ning of the Autotune cycle, one of the pawl toes
is engaged in its respective stop ring, so that dur-
ing the first direction of Autotune operation, the
stop ring becomes disengaged, or cleared, in prep-
aration for the second-direction cycle. The position
of S251 in the Autotune control circuit, when it
causes Autotune motor B240 to reverse direction,
determines which cam-drum ring is positioned so
that its slot is directly beneath its respective pawl
heel.
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THE ROTATION OF THE CAM DRUM
IS IDENTICAL WITH THAT OF S251.
THE CAM DRUM ROTATES CONTIN-
UOUSLY IN THE FIRST DIRECTION
ONLY, IN A MANNER SIMILAR TO
THAT OF 8251. WHEN B240 RE-
VERSES, TO ROTATE IN THE SECOND
DIRECTION, THE CAM DRUM RE-
MAINS STATIONARY, BECAUSE RAT-
CHET DRIVE 8 IN THIS DIRECTION
TURNS WITHOUT COUPLING TO THE
CAM DRUM.

Shaft 4 can rotate in the second direction, until
rotation stop 10 is engaged, which limits the ro-
tation of shaft 4 and stop-ring drum 9 to 180 or
330 degrees (depending upon the type head being
used). The position of rotation stop 10, as ad-
justed during manufacture, determines the num-
ber of degrees of shaft travel. This means that
when the stop-ring drum is rotated, a portion of
its circumference will pass the pawl toes. The stop
rings are preadjusted so that during rotation all
of the stop-ring slots pass beneath the toes. When
a stop-ring slot moves under the pawl toe which
has been released by its corresponding pawl heel,
the toe will fall into the slot, and the stop-ring
drum and shaft 4 will be held stationary. Because
the shaft of the circuit element being controlled is
mechanically linked to shaft 4, it will be positioned
according to the setting of the stop-ring slot
which has engaged its pawl toe. Autotune motor
B240 will continue to rotate (in the second di-
rection), but the clutch will slip, and shaft 4 will
not be moved.

For the initial channel-frequency setting, a
thumb screw on the control knob is loosened about
two turns, to allow a stop ring engaged to a pawl
to slip on shaft 4. The other nine stop rings, not
retained by their pawls, maintain their relative
position to each other and the shaft, so that when
the circuit-element knob is rotated (manually),
these stop rings, the shaft, and the circuit element
are rotated. The engaged stop ring is held station-
ary, and the setting at which the control knob is
positioned becomes the new band setting for that
stop ring. When the thumb screw is tightened, all
stop rings are fastened securely to each other and
the shaft. Whenever this particular dial setting is
again required, the CHANNEL SELECTOR
switch is operated to the channel number corres-
ponding to the ring on the cam drum. The Auto-
tune motor starts and brings the cam drum into
the proper position, so that the pawl is over the
corresponding slot in the cam drum. The remain-
ing pawl heels contact the smooth portion of the
cam drum. When the Autotune control system
causes the motor to reverse, the cam drum re-
mains stationary, because of the action of ratchet
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8, and the stop-ring drum rotates until the toe of
the pawl falls into a corresponding slot in the stop-
ring drum. When this occurs, the pawl grabs and
holds shaft 4 stationary and thereby establishes
a new capacitor or bandswitch setting for the as-
sociated transmitter circuit. The slip clutch takes
up the mechanical motion from the motor, per-
mitting gears 3 and 4 to turn without changing
the position of the shaft, until the motor is turned
off by the Autotune control circuit.

Note

IF THE THUMB SCREW ON ANY CON-
TROL KNOB IS NOT SECURED BE-
FORE AUTOTUNE CYCLING, ONE OF
THE PAWL TOES MAY FALL INTO A
STOP RING AS THE PAWL HEEL
PASSES OVER ITS CAM-DRUM SLOT.
IF THAT PARTICULAR CHANNEL
HAS BEEN PRESET, THE SETTING
WILL BE CHANGED AS THE RING IS
ROTATED OUT OF POSITION.

2. AUTOTUNE ELECTRICAL SYSTEM.
The Autotune electrical system can be controlled
locally or from a remote station, to properly posi-
tion the control head and the six singleturn heads.
These heads are initially adjusted to provide 10
frequency settings, each of which corresponds to
one of the 10 positions on CHANNEL SELEC-
TOR switch S243. The Autotune electrical system
performs a complete cycle of operation each time
that the Autotune cycle is initiated, regardless of
the frequency channel selected. The following dis-
cussion covers only the local operation of the
Autotune system. For operation of the system
from a remote station using a dial-type assembly
in conjunction with the dial control located in the
transmitter, refer to paragraph 2.a.(3) (b) of this
section. Although the control circuit for initiating
Autotune operation from a remote position is
more complex, the Autotune system proper func-
tions in the same manner as in local operation. A
schematic diagram of the Autotune electrical sys-
tem is shown in figure 2-14, and two block dia-
grams showing the entire Autotune cycle for local
operation are shown in figures 2-15 and 2-16. Con-
trol head 0-284, together with its associated
switches, is the heart of the Autotune electrical
system in that it controls the operation and direc-
tion of rotation of Autotune motor B240 by ener-
gizing and de-energizing motor-starting relay
K240 and motor-reversing relay K241 at the
proper time and in the proper sequence. The elec-
trical circuit of the control head is shown enclosed
in dashed lines in figure 2-14. The sequence of op-
eration of the electrical system is as follows:

3. STARTING AUTOTUNE SYSTEM.—
When LOCAL-REMOTE switch S504 is placed
in the LOCAL position, the Autotune system is
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tact (11) of this switch is connected to the winding
of motor-starting relay K240. When S243 is turned
to a new channel, the blades of the grounded rotor

NAVSHIPS 92223(A)
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readied for operation by the completion of the cir-
cuit between ground and the rotor of CHANNEL
SELECTOR switch S243; momentary-start con-
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TURN LOCAL-REMOTE

SWITCH S504 TO LOCAL,

READIES THE AUTOTUNE
SYSTEM

MOMENTARY START

TURN CHANNEL~SELECTOR CONTACT ON 5243
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SWITCH S243 TO NEW SUPPLIES TEMPORARY
CHANNEL GROUND TO K240

ENERGIZES MOTOR
START RELAY K240

CONTACTS | AND 2
OPEN DISABLING HV AND
DIAL CONTROL CIRCUITS

GROUNDS STATIONARY

CONTACT FOR SAME 1SV AC INPUT FOR

CHANNEL ON SEEKING AUTOTUNE MOTOR B240

SWITCH S25!

CONTACTS 4 CLOSE,
FEEDING 115V THROUGH
NORMALY CLOSED
CONTACTS 3 AND 4
OF K24i

CONTACTS 3 CLOSE,
READYING COIL OF MOTOR
REVERSE RELAY K241
FOR FINAL CYCLE

POSITIONS CHANNEL
DRUMS OF SINGLE-TURN

HEADS TO NEW CHANNEL

AUTOTUNE MOTOR B240
ROTATES IN CCW
DIRECTION

AS SOON AS MOTOR
STARTS ACTUATING LEVER
MOVES(B)TO (A)ON LIMIT
SWITCH $254 TO SUPPLY

HOLDING GROUND TO K240

RATCHET DRIVE
PERMITS MOTION ONLY

LOST MOTION DRIVE
PERMITS MOTION IN

IN CW DIRECTION

CW OR CCW DIRECTION

SLIP  CLUTCH
PERMITS ONE ROTATION
OF CONTROL HEAD SHAFT

PLACES MOVING CONTACT
OF SEEKING SWITCH $25i
AT THE NEW CHANNEL
POSITION (CW DIRECTION)

AFTER FURTHER MOTOR
ROTATION ACTUATING
ACTIVATES INTERLOCK
SWITCH S253

COMPLETION OF THE I
FIRST AUTOTUNE CYCLE

Figure 2-15. Autotune System Sequence of Operation for First Direction, Block Diagram

touch the momentary-start contact (in the new
position, this contact lies between one of the slots),
and K240 is energized. Contacts (2) of this relay
close and supply a holding circuit to ground
through the normally closed contacts (2) of mot-
or-reversing relay K241, The normally-closed con-
tacts (1) of K240 open the high-voltage disabling
circuit (paragraph 2.a.(4) (a)3. of this section),
s0 that transmitter operation is suspended during
Autotune cycling. The connection to the dial dis-
abling circuit on contacts (2) is made only when
the LOCAL-REMOTE switch is in the REMOTE
position, so that channel selection by another re-
mote station is suspended during Autotune cyc-
ling. Contacts (3) close and connect the coil of
K241 to reverse-interlock switch S253, in prepara-
tion for the motor-reversing operation (second
direction). Contacts (4) close and complete the

ORIGINAL

115-volt, a-c input to Autotune motor B240. The
motor then begins to run in a counterclockwise di-
rection, driving the six singleturn heads and the
control head.

4. CONTROL-HEAD OPERATION.—A
simplified diagram of the control head is shown in
figure 2-17. Before the motor begins to run, actu-
ator lever 1 is pressed against actuator 2, so that
the contacting bar of limit switch S254 is touching
contacts (B). As soon as the motor begins to run,
as described in the previous paragraph, worm
drive 3 and worm gear 4 move control-head shaft
5 and seeking switch S251 (auto-emission selector
switch is used only in remote Autotune operation
with a dial-type unit; refer to paragraph 2.a.(3)
(b) of this section) through ratchet drive (6) for
one complete revolution before the lost-motion
coupler is engaged. This is done in order to insure
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MOTOR B240 CONTACTS 1 CLOSE,
ROTATING IN SUPPLYING HOLOING
CW DIRECTION GROUND TO K24l
{F SEEKING
SWITCH 1S
POSITIONED GROUND IS
LOST MOTION ACTUATING ARM ON NEW SUPPLIED COIL OF MOTOR
DRIVE  AND SHORTS CONTACTS CHANNEL AND THROUGH REVERSE RELAY
SLIP CLUTCH (A) OF 5253 TOGETHER RATCHET CAM CONTACTS 3 K241 1S ENERGIZED
SWITCH 5252 OF K240
1S PROPERLY
SEATING
CONTACTS 3 AND 4
118V AC INPUT TO CLOSE REVERSING gLonacIS 2
AUTOTUNE MOTOR FOLARITY OF ONE To. 9864
8240 WINDING OF THROUGH
B240 CONTACTS
OF K240
READYING
K240 FOR
TURN OFF
AFTER FURTHER MOTOR
DEENERGIZES ROTATION, ACTUATING LOST MOTION 8240
COIL OF ARM RETURNS DRIVE AND ROTATES
K240 ARMATURE TO SLIP CLUTCH N C
CONTACTS (B) OF 5254 DIRECTION
ACTUATING | SETS TUNING
DEENERGIZES DEENERGIZES ARM RETURNS PR ING. DRUKS. AND BANDSWITCH
COIL OF MOTOR ARMATURE TO OF SINGLETURN CONTROLS TO NEW
K24l B240 CONTACTS (B) HEADS TO NEW CHANNEL
OF $253 CHANNEL FOSITION

Figure 2-16. Autotune System, Sequence of Operation for Second Direction, Block Diagram

that the locating drums and shafts of the single-
turn heads are all in the home-stop (0-degree)
position.

When lost-motion coupler 7 is engaged, worm
gear 4 drives actuating lever 1 by means of slip
clutch 8. As soon as the lever pressure is removed,
the shorting bar of S254 touches contacts (A) (be-
cause of a spring-return mechanism within the
switch). Contacts (A) provide an alternate
ground to the coil of K240, in readiness for the
breaking of the holding circuit by the opening of
contacts 2 of K240 at the time relay K240 is ener-
gized. The motor continues to drive in the first di-
rection, moving the lever until it actuates switch
S253. Contacts (A) of S253 are now connected to-
gether by the contacting bar inside the switeh,
readying the motor-reversing relay (K241) ; this
relay will be energized as soon as seeking switch
S251 and cam switch S252 are in the correct posi-
tion. In the meantime, the friction clutch slips,
keeping the lever against the spring-loaded mech-
anism of S253, as well as rotating the shaft with
its associated switches S250, S251, and S252. This
rotation continues until the wiper contact of S251
reaches the grounded stationary contact (which
corresponds to the new channel). This ground is
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carried through the closed contacts of S252, S253,
and K240 to the other side of the coil of relay
K240, which then becomes energized.

Note
CAM SWITCH S252 IS SYNCHRON-
IZED WITH S251 SO THAT ITS CON-
TACTS CLOSE ONLY IN THE EXACT
CENTER OF EACH CHANNEL CON-
TACT ON S251. THIS INSURES PRE-
CISION CONTROL OF THE CHANNEL
DRUMS IN THE SINGLETURN HEADS,
WHICH IN TURN ARE SYNCHRON-
IZED WITH THE ROTATION AND
POSITION OF SEEKING SWITCH S251.

5. COMPLETION OF AUTOTUNE
CYCLE.—When motor-reversing relay K241 is
energized, contacts (1) close, supplying an addi-
tional ground for holding purposes so that the re-
lay will remain energized as soon as motor B240
reverses direction and opens S253. Contacts (3)
and (4), in closing, reverse one phase of the 115-
volt, a-c input to the motor so that the motor will
reverse its direction of rotation. Contacts (2)
open, leaving limit switch 8254 as the only re-
maining ground to motor-starting relay K240,
Operation of S254 at the end of the Autotune cycle

ORIGINAL



THEORY OF
OPERATION

will stop motor B240. When the motor rotates in a
clockwise (second) direction, the worm drive be-
gins to drive the worm gear in a counterclockwise
direction. The ratchet drive prevents the control-
head shaft from rotating in this direction, and the
lost-motion coupler moves one complete turn be-
fore it begins to drive the lever back to its original
position.
Note
NOT ONLY 8251 BUT ALSO SWITCHES
S101, S240, AND S250 MAINTAIN THE
SAME POSITION SINCE THEY ARE
ALL MOUNTED IN COMMON ON THE
CONTROL-HEAD SHAFT. S240 AND
S250 ARE USED ONLY FOR CONTROL
OF THE TRANSMITTER FUNCTION
WITH A DIAL-TYPE UNIT, AS DIS-
CUSSED IN PARAGRAPH 2..(3) OF
THIS SECTION.

During this interval the locating drums of all
the singleturn heads have sufficient time to start
from their home or zero-degree position and ro-
tate, if necessary, through their full range (180
or 330 degrees depending upon their design).
Therefore, the circuit elements are properly posi-
tioned by the time the lost-motion coupler begins
to drive the lever through the friction clutch. As
soon as the lever position is changed, the contact-
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ing bar of S253 is returned to (B), keeping relay
K240 energized by only the holding circuit of con-
tacts 1. When the lever reaches limit switch S254,
the contacting bar of this switch is forced over
from contact (A) to (B). Relay K240 is de-ener-
gized, which in turn stops motor B240 and de-en-
ergizes relay K241. The high-voltage control cir-
cuit is completed, and the transmitter begins op-
eration on the new channel that has been selected
by the Autotune system.

Note
WAFER SWITCHES S101 AND 8240
ARE IN THE SAME POSITION SINCE
THEY ARE DRIVEN IN COMMON
WITH WAFER SWITCHES S250 AND
S251.
(2) MODULATOR ASSEMBLY (see figure
2-18) —The Modulator Assembly consists of the
audio chassis and the modulation transformer and
filter chassis shown in figure 1-8. The audio chas-
sis uses six tubes, as follows: two JAN 5814 or
12AU7 duo-triodes, V601 as an audio amplifier
and phase inverter, and V602 as an audio driver;

‘two JAN 4-400 tetrodes (V603 and V604) as mod-

ulator tubes; and two duo-diode tubes, JAN
6X4W (V605) and JAN 5Y3WGTA (V606) as an
audio-peak clipper and modulator bias rectifier,
respectively. The modulation transf6xT%ler (T601)

o
(o]
O 52408

J

LOST MOTION COUPLER

SLIP CLUTCH
(DRIVES STé)P LEVER)

LIMIT SWITCH $254

NOTE
o THIS 1S A REPRESENTATIVE DRAWING,
PARTS ARE NOT NECESSARILY DRAWN
TO SCALE. FIRST DIRECTION (CW)
IS SHOWN AS SOLID ARROW:
SECOND DIRECTION (CCW)'IS SHOWN
®w AS DASHED ARROW.
O ®  Thg CONTROL HEAD IS SHOWN IN
THE FIRST DIRECTION WITH
SWITCHES $253 AND S254 MOVED
FROM THEIR NORMAL POSITIONS
(A) AND (B), RESPECTIVELY.
SWITCHES SI01, S240A,52408B,5250,
S251, AND S252 CANNOT ROTATE
IN THE SECOND DIRECTION DUE
TO THE ACTION OF ITEM 6.

Figur 2-17. Control H ad, M chanical Diagram
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and the low-pass filter (L691, C691, and C692),
which feed audio power to the power amplifier
V106 during phone operation, are contained on a
separate chassis; the low-pass filter isolates the
power amplifier from any high-order harmonics
that might be generated in the modulator itself.

When the transmitter is placed in phone opera-
tion locally by emission-selection switch S505 or
by a telephone dial at a remote station, the modu-
lator disabling relays (K601 and K604) are de-
energized, so that the modulator circuits can oper-
ate properly. When LOCAL-REMOTE switch
S505 (discussed in paragraph 2.a.(3) (a) of this
section) is set to the LOCAL position, local-re-
mote input switching relay K602 is energized.
Contacts (1) and (2) of this relay connect the in-
put signal from an external amplifier through a
600-ohm twin-conductor cable to the primary
winding (terminals 1 and 5) of input transformer
T601. Contacts (3) remove the ground on coupl-
ing capacitor C611 and place a ground on terminal
(3).of T601 so that a carbon-type microphone con-
nected to MICROPHONE JACK J601 can feed a
signal through C611 and contacts (1) to one-half
of the primary winding (terminals 3 and 5) of
T601. Since the microphone input is less than that
of an external audio amplifier, only half of the
transformer winding is used in order to double
the step-up ratio of T601, thereby doubling the in-
put voltage to V601A. Contacts (3) also place a
ground on the CT lead to channel-indicating
switch S240 so that the portion of this circuit as-
sociated with Transmitter Control C-1362/FRT-
24 is disabled, as described in paragraph 2.c.(8)
of this section. Contacts (4) are in parallel with
contacts (1) of J601 so that, in the LOCAL posi-
tion, inserting a microphone plug into J601 de-en-
ergizes push-to-talk relay K603, and thereby dis-
ables the plate-voltage interlock circuit, as
described in paragraph 2.a.(4) (a) 3., of this sec-
tion. Operating the push-to-talk switch on the
microphone energizes K603 and the plate interlock
circuit so that plate voltage is applied to all the
transmitter circuits. In the REMOTE position,
the remote key line connected through normally
closed contacts (4) and (1) of K602 and K604,
respectively, can energize K603 when the push-to-
talk switch of the microphone at a remote station
is pressed. Note that contacts (4) and (5) can ap-
ply 50 volts to the coil of K603 from the modulator
bias supply during local operation and from the
voltage supply in Transmitter Control C-1362/
FRT-24 during remote operation.

Voltages of 4.5 volts for the microphone and 50
volts for push-to-talk relay K603 are taken off a
voltage-divider circuit consisting of resistors
R627, R628, R623, and R629 connected to the mod-
ulator bias supply. Capacitor C6138 shunts audio
signals around this supply. The modulator bias
supply consists of V606 connected as a full-wave
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rectifier with the positive side grounded to supply
a negative voltage of —105 volts through a choke-
input filter to the above mentioned voltage-divider
circuit, and three adjustment potentiometers:
CLIPPER ADJ R625, RIGHT MOD BIAS ADJ
R624, and LEFT MOD BIAS ADJ R626. A posi-
tive bias of 9.5 volts is supplied to the cathode of
inverter V601B through a decoupling circuit con-
sisting of R622, C612, and bias resistor R605A.
A 6.3-volt winding on bias transformer T602 sup-
plies filament power for all the tubes in the as-
sembly except V603 and V604, which receive fila-
ment power through the 5-volt winding of modu-
lator filament transformer T603.

The audio voltage developed across the second-
ary winding of T601 is adjusted to the proper level
by GAIN CONTROL R601 and is applied to the
grid of input amplifier V601A. C601 is an r-f by-
pass capacitor; C602 connected across bias resis-
tor R602 functions as an audio bypass to prevent
attenuation of the audio signal (degenerative feed-
back) by R602. The plate circuit is resistance-
coupled to the other section of the tube, inverter
V601B, through band-pass filter Z601. Z601 at-
tenuates input frequencies below 300 cps and
above 3500 cps, to increase the effectiveness of the
modulator tubes and at the same time to confine
the carrier sidebands to the narrowest possible
limits consistent with good speech intelligibility.
V601B acts as a phase splitter in order that a
single-ended tube may be used to operate into the
push-pull audio driver (V602). The signal at the
plate of V601, which is resistance-coupled to tri-
ode section V602A, is 180 degrees out of phase to
the signal at the cathode of V601, which is resis-
tance-coupled to triode section V602B. Resistor
R609 is used as a voltage-dropping resistor in the
grid circuit of V602B to equalize the voltage fed
from the cathode so that this signal, although out
of phase with the plate signal, will be of equal
amplitude to maintain circuit balance. The triode
sections of V602 are biased for Class-B operation
by means of common cathode resistor R611; C607
is a bypass capacitor, which offers a low imped-
ance to audio signals. The push-pull output of the
r-f driver is resistance-coupled to the modulator,
which uses two tubes (V603 and V604), also op-
erated as a push-pull amplifier.

The. modulator tubes are biased for Class-AB,
operation by means of R624 and R626 so that
practically no power is required from V602. Since
modulation of an r-f carrier greater than 100 per-
cent in the negative direction produces distortion
and spurious sidebands, a speech clipper (V605)
in the modulator grid circuit is used to provide
extended positive-peak modulation. In voice
waveforms, especially those of the male voice, the
amplitude excursion in one direction from the av-
erage energy axis may be two or three times that
in the other, although the average energy for both
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sides may be far from exceeding the modulation
capability of the transmitter., Amplitude excur-
sion causing overmodulation in the downward di-
rection (when the r-f carrier generated by the
power amplifier is sharply cut off by modulator
output) is objectionable since it generates har-
monics and splatter sidebands rather than over-
modulation in the upward direction (the r-f car-
rier is increased by the addition of audio power).
When a positive-going portion of the signal on the
plates of V605 exceeds the negative bias estab-
lished by CLIPPER ADJ R625 on the cathode,
the tube conducts and effectively removes the ex-
cessive peak excursions, Note that it is the positive
portion of the grid signal that produces the lowest
positive output from the modulator plate current,
which in turn is fed through the secondary of
modulation transformer T691 to produce modu-
lation in the downward direction for the r-f car-
rier. This clipping action generates high-fre-
quency audio harmonics in the modulator grid cir-
cuit. A low-pass filter in the modulator, consisting
of (691, L691, and C692, attenuates harmonics
above 4000 cps that might otherwise be introduced
into the r-f power-amplifier plate circuit and gen-
erate sidebands extending farther than 4 ke on
either side of the transmitter operating frequency.

Since r-f power amplifier V106 is a tetrode, it
is not only necessary to modulate the plate but
the screen-grid circuit as well in order to obtain
linear audio swing in the carrier as the audio-
frequency output from the secondary of T691
causes the input voltage to the plate to vary be-
tween zero and twice (more than twice in the case
of signals having extended positive-peak modu-
lation) the +3000-volt input voltage. Choke L602,
connected between the 4+ 600-volt input and the
screen grids of the modulator tubes, modulates the
power-amplifier screen grid connected to the other
end of this choke at the same time that the power-
amplifier plate circuit is being modulated. This
+ 600-volt feed is also used to supply power to the

- plate and screen circuits of the lower-level stage

(V601A and V601B), which is decoupled by ca-
pacitor C603 which shunts to ground the audio
generated by the screen grid of the modulator. In
the case of the plate circuits to r-f driver V602,
decoupling is not necessary since the push-pull
circuit balances out the audio component super-
imposed on the 4600-volt feed line.

For CW or FSK operation, modulator disabling
relay K601 is energized. Contacts (1) on the relay
short-circuit the modulation-transformer second-
ary and feed 43000 volts through. the low-pass
filter to the r-f power-amplifier plate circuit. Con-
tacts (2) disconnect the +600-volt input to the
modulator low-level stages and the screen grids
of the modulator tubes; choke L602 is short-cir-
cuited and the 4600 volts is fed directly to the
r-f power-amplifier screen grids.. Contacts (3)
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disable the primary circuit of modulator filament
transformer T603. Push-to-talk disabling relay
K604 is also energized ; contacts (1) of this relay
maintain a short across contacts of push-to-talk
relay K603 so that the plate-voltage interlock cir-
cuit can be enabled and plate voltage applied to
all the transmitter circuits by a new set of condi-
tions required for ¢c-w and FSK operation. Al-
though contacts (2) open the remote key line in
this position, these contacts do not perform any
real function except to insure that K603 will not
be energized while the LOCAL-REMOTE switch
is in the REMOTE position.

(3) DIAL CONTROL ASSEMBLY.—The
Dial Control Assembly shown in figure 1-7, is used
with Transmitter Control C-1362/FRT-24 and/or
Telephone Set TA-267/U for remote control opera-
tion of the transmitter.When the telephone dial on
one of these two components is operated to turn
the transmitter on or off, or to select a new fre-
quency or a different type of emission, the proper
number of ground pulses for the action desired are
transmitted to the Dial Control Assembly, which
by a sequence of events discussed below, operates
the Autotune system or the Power Control circuits
to achieve the desired result. The Dial Control As-
sembly consists of a chassis upon which are
mounted one stepping-type relay, eight telephone-
type relays, and a d-c power supply for the relays.
The, LOCAL-REMOTE switch (S504) on the
Power Control Assembly must be operated to the
REMOTE position before the transmitter can be
controlled from a remote station. In order to un-
derstand the operation of the Dial Control As-
sembly for automatic channel selection, it is es-
sential that the theory of operation of the Auto-
tune system discussed in paragraph 2.a.(1) (k) of
this section be thoroughly understood. Figure 2-19
is a simplified schematic of the Dial Control As-
sembly and its associated circuits. Figures 2-20
and 2-21 are block diagrams showing the sequence
of operation of the dial control during channel and
power selection respectively.

(a) LOCAL-REMOTE SWITCHING.—The
LOCAL-REMOTE switch (S504), located on the
Power Control Assembly, connects the dial control
to the Autotune and power control circuits when
this switch is placed in the REMOTE position.
Ground-pulse information from a dial input to
stepping relay K801 in conjunction with pulsing
relay K802 effects the operation of relays K803
through K809 for the control of these circuits. In
the LOCAL position of the switch, the same cir-
cuits are disconnected from the dial control, so
that the same operation can be initiated by means
of the transmitter front-panel controls. However,
before the transmitter can be handled exclusively
from a remote station, the required frequency
channel should be preset and the PRIMARY CIR-
CUIT BREAKER switch CB501 should be on.
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S504 is a six-deck, wafer-type switch on a common
shaft, the decks being numbered alphabetically
S504A to S504F. S504A is the deck nearest the
driver or knob end, as shown in figure 2-22. All
decks except S504F consist of three single-pole,
double-throw switch sections, each of which is
designated with the suffix 1, 2, or 3. S504F con-
sists of two double-pole, double-throw switch sec-
tions, each of which is designated with the suffix
1 or 2. Altogether the LOCAL-REMOTE switch
contains 17 switch sections; the function of each
switch section for either one of its two positions is
given below.

Note

FOR FURTHER EXPLANATION OF
THE FUNCTIONS OF S504 IN THE LO-
CAL POSITION, REFER TO PARA-
GRAPHS 2.¢.(1) (h) AND 2.a.(4) OF
THIS SECTION FOR LOCAL OPERA-
TION OF THE AUTOTUNE SYSTEM
AND POWER CONTROL CIRCUIT,
RESPECTIVELY.

S504A-1: In the LOCAL position, this section
readies PHONE-CW-FSK switch S505 so it can
be used to select different types of emission. In the
REMOTE position, it breaks this circuit and in-
troduces an alternate circuit in which c-w and
FSK relays K808 and K809 of the Dial Control
Assembly can select the different types of emis-
sion.

S504A-2: In the LOCAL position, this section
permits FILAMENT switch S503 to energize the
filament circuits; in the REMOTE position, it
breaks this circuit and introduces an alternate cir-
cuit in which filament relay K806 of the Dial Con-
trol Assembly can turn on the filament circuits.

S504A-3: In the LOCAL position, this section
energizes local-remote switching relay K602, to
permit local audio feed; in the REMOTE position,
this relay is de-energized, to permit audio feed
from the remote station.

S504B-1: In the LOCAL position, this section
permits PLATE switch S503 to energize the plate
circuits after a suitable time delay. In the RE-
MOTE position, it breaks this circuit and intro-
duces an alternate circuit in which plate delay
relay K805 of the Dial Control Assembly can turn
on the low-voltage and high-voltage plate circuits
after a suitable time delay.

S504B-2: In the LOCAL position, this section
supplies ground to the rotor of CHANNEL SE-
LECTOR switch S243 so that the Autotune sys-
tem can be cycled to a new frequency by changing
the setting of this front-panel control. Also, in the
LOCAL position, this switch section disables the
functioning of the Dial Control Assembly by open-
ing the holding circuit to the relays of that unit.
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In the REMOTE position, it ungrounds the rotor
so that the Dial Control Assembly, when set into
operation by a remote dial unit, can cycle the Auto-
tune system to a new frequency.

S504B-3: This switch section performs no
function but is wired to receptacle J502 to be used
as a spare.

S504C-1: In the LOCAL position, this section
connects coil of motor-starting relay K240 to the
momentary start contact of S243 so that Autotune
motor B240 may be energized as soon as CHAN-
NEL SELECTOR switch S243 is turned. In the
REMOTE position, it disables this circuit so that
only the Dial Control Assembly can turn on the
Autotune system.

S504C-2: In the LOCAL position, this section
disconnects the dial-pulse input from pulsing relay
K802 of the Dial Control Assembly. In the RE-
MOTE position, this relay is reconnected to the
dial input, in readiness for energization on the
basis of ground-pulse information.

S504C-3: In the LOCAL position, this section
disconnects the key line of the remote station from
the keyer unit in the R-F Assembly. In the RE-
MOTE position, it completes this circuit so that
the transmitter can be turned on from a remote
station.

S504D-1: This section has no function in the
LOCAL position; in the REMOTE positions, it
supplies 100 volts dc to ter<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>