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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 (mew) on any 
frequency withiQ the range of 2 to 30 megacycles. The 
equipment provides reliable communication for shore
station installations under wide variations in climatic 
conditions. 

1 A. INSTRUCTION BOOK COVERAGE 

a. This instruction book covers Radio Transmitter 
T-440A/FRT-24 as well a� 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 0-
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-?ff 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 Oscilla�or 0-243/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 
T A-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 th� high
voltage rectifier tubes. A door on each ca.b1net of 
the transmitter opens ·to the rtght, thereby pro. 
viding acces� 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 

(c) High-Voltage Power Supply 

(d) Power Control Assembly 

(e) Dial Control Assembly 

(/) Modulator Assembly 

(g) Power Change Assembly 

(h) Service Power Supply 

( i) Patch Panel Assembly 

( j) 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 T A-267 /U 

1-2 

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 me. 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-ha.nd 
section of the transmitter, rests on telescoping 
roller slides. It is a self-contained assembly con
�isting 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-e 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 J -3. R-F Assembly 
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Figure l-4. Low-Voltage Power Supply 

(2)  LOW-VOLTAGE POWER SUPPLY.
The Low-voltage Power Supply (see figure 1-4) 
furnishes 600 volts, de , 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. 

FILTER CHASSIS 

(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
r emote 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. 

RECTIFIER CHASSIS PLATE TRANSFORMER 

Figure r -5. High-V ltage Power Supply 
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Figure J -6. Power Control Assembly 

(6) MODULATOR ASSE MBLY.-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 

Figure J -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 J -8. Modulat r Ass mbly 
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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-ha•nd cabinet, 
directly under the Pow�r Control Assembly. 

b. R-F OSCILLATOR 0-243/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 me. 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 1-1 l. Patch Pan I Assembly 

1-6 

Figure l-1 0. Service Power Supply 

c. POWER SUPPLY PP-454/FRT-5.-Power 
Supply PP-454/FRT-5 (see figure 1-14) furn
ishes 250 volts, de, unregulated; 150 volts, de, 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 GU-
390/FRT-24.-Transrriission 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- J 2. Blower Assembly 
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Figure J - J 3. R-F Oscillator 0-243/FRT-24 

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

f. TELEPHONE SET TA-267 /D.-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 

c. CONTRACTOR.-Collins Radio Company, 
Cedar Rapids, Iowa. 

d. COGNIZANT NAVAL I NSPECTOR.-In
spector of Naval Material, Cedar Rapids, Iowa. 

e. NUMBERS OF BOXES. 
f .  CUBICAL CONTENTS.-See tables 1-1  and 

1-3. 
g. TOTAL WEIGHT.-See tables 1-1  and 1-3 .  
h.  FREQUENCY RANGE.-2 to 30  me. 

i. NUMBER OF CHANNELS.-9. 

Figure 7-75. Transmitter C ntr I C-7362/FRT-24 

CHANGE 2 

Figure J-14. Power Supply PP-454/FRT-4 

j. TUNING BANDS AND FREQUENCY 
RANGE. 

Band 
1 
2 
3 
4 
5 
6 
7 
8 

Range (me) 
2 to 3 
3 to 4 
4 to 6 
6 to 8 
8 to 12 

12 to 16 
16 to 24 
24 to 30 

Figure 7-76. Transmission Line Coupl r 
CU-390/FRT-24 

Figure 7-17. Tel phoneS 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/'o 

m. KEYI NG SPEED.-600 words per minute 
( 240 dot cycles per second J • 

n. NOMINAL CARRIER OUTPUT .. 
( 1) 250 watts, 500 watts, or 1000 watts fot 

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 'ir ± 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). 

1 KW Yz KW 
cw .948 .948 
Phone .941 .941 

(2) Standby: (Key open). 

cw 
Phone 

1 KW Y2 KW 
.797 .798 
.915 .899 

6. EQUIPMENT SUPPLIED 

14, KW 
.948 
.941 

1;4 KW 
.798 
. 901 

(3)  Normal operation 
1 KW Y2 KW 1,4 KW 

cw .895 .899 .880 
(key closed ) 

Phone .903 .905 .891 
( 100 )?, ) . 

t. POWER SOURCE REQUIREMENTS. 
( 1) Voltage: 230/208 volts ± 10 % . 

(2)  Frequency: 50/60 cps ±57r·. 
(3 )  Number of phases: 1. 
( 4) Input power: 

(a) Standby: 20 watts . 
(b) Filaments on, cw : 900 watts. 
(c) Filaments on, phone: 1000 watts. 
(d) Carrier on, .cw: 3100 watts. 
(e) Carrier on, phone (no modulation ) : 

3700 watts. 
(/) Carrier on, phone (1007o 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. 

Note 

FOR 50-CPS OPERATION, CAPACITOR 
C404 IS CONNECTED INTO THE H IGH
VOLTAGE POWER SUPPLY CIRCUIT 
AS INDICATED IN THE SCHEMATIC 
(SEE FIGURE 7-64 ) . 

TABLE 1-1. EQUIPMENT SUPPLIE D 

QUANTITY OVER-ALL DIMENSIONS 
PER NAVY TYPE VOLUME WEIGHT EQUIPMENT NAME OF UNIT DESIGNATION HEIGHT WIDTH DEPTH 

1 Radio Transmitter T-440/FRT-24 83 46% 31%. 1500 

1 R-F Oscillator 0-243/FRT-24 101%z 18o/ie 161o/ie 33 

1 Power Supply PP-454/FRT-5 8%. 19 15% 88 

2 Transmitter C-1362/FRT-24 10% 21% 11 50 
Control 

1 Transmission CU-390/FRT-24 20% 23 20 "4 90 
Line Coupler 

2 Telephone Set TA-267 /U 5% 5% 7% 4 

Unless otherwise stated, dimensions are in inches, volume in cubic feet and weight in pounds. 
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7. EQUIPMENT REQUIRED BUT NOT SUPPLIED 

TABLE 1-2. EQUIPMENT REQUIRED BUT NOT SUPPLIED 

QUANTITY 
PER NAVY TYPE REQUIRED 

EQUIPMENT NAME OF UNIT DESIGNATION USE 

1 Telegraph key C-W operation 

1 Microphone Radiotelephone operation 

Crystal oven 

Crystal units CR-18/U Frequency Control 

8. SHIPPING DATA 

TABLE 1-3. SHIPPING DATA 

SHIPPING 
CONTENTS OVER-ALL DIMENSIONS 

BOX 
NAME DESIGNATION HEIGHT WIDTH DEPTH 

VOLUME 

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

9. ELECTRON TUBE COMPLEMENT 

TABLE 1-4. ELECTRON TUBE COMPLEMENT 

S ction 1 
Paragraph 7 

REQUIRED 
CHARACTERISTICS 

WEIGHT 

NUMBER OF TUBES OF TYPE INDICATED 

UNIT 

* +-
00 � 
� Ct:) � � 
Ct:) � 

Radio Transmitter 2 2 
T-440/FRT-24 

R-F Oscillator 
0-243/FRT-24 

Power .Supply 
PP-454/FRT-5 

Transmitter Control 
C-1362/FRT-24 

Total �umber of Each Type 2 2 

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

1. INTRODUCTION 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. 

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 

The transmitter can be operated locally by 
means of its own front-panel conlrols 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 

R-F 
OSCILLATOR 

0-243/FRT-24 f4-

250V DC 
6,3VAC 

POWER 
SUPPLY 

PP-454/FRT- 5 

2-0 

RADIO TRANSMITTER T-440/FRT-24 

!�CHANNEL ------ -- -- --� 
(2-+.2 MCl 

PATCH R-FASSEMBLY 2-30 MC l 
I PANEL C 10 CHANN ELS I TRANSMISSION TO TWO-WIRE 

LINE COUPLER r--soO-OHM BALAN CED 

I ASSEMBLY � 9 XTALS) f---LOCAL-REMOTE I CU-390/FRT-24 TRANSMISSION LINE 
+3000V CIR CUIT 

I 
AUTOTUNE I CONTROL I I D IAL -

DIAL 
DIAL PULSES TRANSMITTER �P""""U�L=SE=S---1 

I MICROPHON� MODULATOR �ODULATOR I CONTROL 
INPUT - ASSEMBLY DISABLING 

CONTROL C-1362/FRT-24 ASSEMBLY -LOCAL-REMOTE ! (2 USED) 
�___,___,,---...J-+����fE L----r---....J CIRCUIT 

CIRCUIT AUDIO OR KEYING SIGNAL I f 
+600V 

+ 3000V 

POWER 
CHANGE f-- HV POWER 230VAC 

i3 ���ER � SUPPLY �� 
POSITIONS) 

CONTROL CIRCUIT OPERATION KEY 
FOR POWER AND/OR I INPUT EMISSION SELECTION 

,..........JL----...., 
POWER 230V 

I CONTROL � I flJ 60 C
.
P

. 
S 

POWER ASSEMBLY SOURCE I 
LOCALjREMOTE 

CIRCUIT 

115/230 V AC FOR 
AUTOTUNE, BIAS +600V LV POWER 

SUPPLY 
� SUPPLIES, FILAMENT 

CIRCUITS, ETC 

I +600 VOLTS TO 

I
LOW- LEVEL STAGES 
OF R-F ASSEMBLY 

I 

: 
I 

115VAC 

230V AC 

SERVICE 
POWER 

SUPPLY 

BLOWER 
ASSEMBLY 

8641 

L _______________ J 

Figur 2-l. Radio Transmitting S t AN/FRT-24, Bloclc 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 'i ith the number of 
pulses dialed, the Dial Contrd 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 mic·ro
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 + 600-volt and 
+3000-volt, d-e 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 +600 
and + 3000 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-e 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 me. 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 

ORIGINAL 

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 
: llock 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 
Oi-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 me is devel
oped at a lower frequency by crystal oscillator 
Vl.Ol. The frequency is then stepped up to the 
correct operating frequency by means of fre
quency multiplication. 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 me, 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 + 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 Vl02 from keyer V201B 
for r-f carrier on-off keying during c-w operation. 

The output signals from VlOl pass through the 
untuned buffer (V102) to the input of the first 
frequency multiplier (V103). If the signal origi
nates from the internal crystals (YlOl through 
Y109), V103 is used to double the signal fre
quency. In the tenth position when a signal of 2 
to 4.2 me is fed from the external oscillator, this 
stage can operate as a doubler, a triplet, or quad
ropier depending upon the required band. For 

2·1 



2 S ction 
Paragraph 1 a 

NAVSHIPS 92223(A) 
AN/ FRT-24 

THEORY OF 
OPERATION 

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 impuls�s 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 p ositioning heads. The con
trol head is capable of positioning the channel
switch shaft to 10 positions corresponding to 1 0  
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 1 0-position CHANNE L 
SE LE CTOR 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
uected to the appropriate r-f stages. 

The exciter voltage regulator employs two volt
age reference tubes (Vl08 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) 
m aintain a constant 300-volt voltage for operation 
of the lower-level r-f stages excluding r-f driver 
V105. The d-e 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 1 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 
9btain linear modulation of the power-amplifier 
tube, which has a fairly high plate resistance .. 

The Power Change Assembly c onsists of two 
voltage-divider circuits in series with the + 600-
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volt and +3000-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 Assembiy 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-

600- 0 HM 
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Lt 

EXTERNAL 
AUDIO AMPL 

AM 

. J MICROPHONE 
OR TELEPHONE 
SET TA- 2 6 7/ U  

T 901 
I NPUT � TRANS-

FORMER 
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I N P U T  

f--� AUD I O  r-----.o AUDIO AMPL B R I DGE 
12AT7WA 

f+ I70V I f+ 245 v 

BRI D G E  
BALAN CING 

+ 93V VOLTAGE 

V 9 0 2  

ploys V 401 and V 402, connected as a full-wave 
rectifier, to deliver 3000 volts, de, 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/ 
FR T -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. 

c. 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 T A-267 /U is also connected to 
T90 1 .  The input signal is amplified by trans- . 
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Figure 2-3. Transmit# r Contr I C-1362/FRT-24, Block Diagram 
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