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Paragraph 1c

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,

ORIGINAL



THEORY OF
OPERATION

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.
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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

2-12

NAVSHIPS 92223(A)
AN/FRT-24

THEORY OF
OPERATION

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-
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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,

2-14

NAVSHIPS 92223(A)
AN/FRT-24

THEORY OF
OPERATION

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.
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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{
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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
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Figure 2-12. R-F Bias Supply, Simplifi d Schematic
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