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CHAPTER 1

INTRODUCTION

Section |.

1. Scope

a. This manual contains a description, detailed
theory of operation, and instructions for field main-
tenance and repair of Receiver-Transmitters RT-
70/GRC and RT-70A/GRC (fig. 1). In addition,
a chapter on the disassembly and the repacking of
the equipment for shipment or limited storage is
included. Instructions for installation, operation,
and organizational maintenance of this equipment
are contained in TM 11-284, Radio Sets AN/
GRC-3, -4, -5, -6, -7, and -8.

b. Official nomenclature followed by (*) is used to
indicate all models of the equipment covered in this
manual. Thus, Receiver-Transmitter RT-70(*)/
GRC represents both Receiver-Transmitter RT-

Section Il.

3. Purpose

a. Receiver-Transmitter RT-70(*)/GRC (fig. 1)
is a small, lightweight radio set, less power supply
and accessory equipments, designed for use in port-
able, ground, or vehicular installations. When
suitably powered, the set provides two-way, push-
to-talk, frequency-modulated (FM) communication
with similar portable, ground, or mobile equipments
over a 1-mile range.

b. The frequency coverage of Receiver-Trans-
mitter RT-70(*)/GRC is indicated in the frequency
spectrum chart (fig. 2). For comparison, the fre-
quency coverage of other radio equipments with
which it may be used, is given in the chart. For
example, the chart shows that a considerable over-
lap exists between Receiver-Transmitter RT-68/
GRC and Receiver-Transmitter RT-70(*)/GRC.
Receiver-Transmitter RT-70(*)/GRC provides con-
tinuous tuning throughout the frequency range of
47 to 58.4 megacycles (mc).

4. System Application

a. Receiver-Transmitter RT-70(*)/GRC may be
used as a component of a portable field set such as
Radio Set AN/PRC-16 (fig. 3), as part of a vehicular

AGO 10104A

GENERAL

70/GRC and Receiver-Transmitter RT-70A/GRC,
and Handset H-33(*)/PT represents Handset
H-33A/PT, Handset H-33B/PT, Handset H-33C/
PT, Handset H-33D/PT and Handset H-33E/PT.

2. Forms and Records

a. Unsatisfactory Equipment Reports. Fill out
and forward DA Form 468 (Unsatisfactory Equip-
ment Report) to Commanding Officer, Signal Equip-
ment Support Agency, Fort Monmouth, N. J., as
prescribed in AR 700-38.

b. Damaged or Improper Shipment. Fill out and
forward DD Form 6 (Report of Damaged or Im
proper Shipment) as prescribed in AR 700-58.

DESCRIPTION AND DATA

installation such as Radio Set AN/VRC-7 (fig. 4),
or as part of systems such as Radio Sets AN/GRC-3
through —-8. The normal range of the receiver-
transmitter is about 1 mile. Under favorable con-
ditions of terrain, this range may be increased.

b. To use Receiver-Transmitter RT-70(*)/GRC
in an operating installation, it is necessary to pro-
vide a suitable source of power (listed below). In
addition, control, audio, and output connections
must be provided along with an antenna assembly.
The microphone input and the receiver audio output
circuits are brought out to connectors on the front
panel. Since these connections may be made to
any audio equipment having the proper impedance
and power handling capacity, a high degree of
flexibility exists. For example, the audio circuits
may be completed by direct connection to the front
panel or extended through an amplifier (AF Ampli-
fier AM-65/GRC) and a mounting (Mounting
MT-300/GR) to a microphone and headset, a
microphone and loudspeaker, or to a telephone line.
The power circuits are also brought out to a connec-
tor on the front panel, making it possible to connect
the set to any power source capable of providing 90
volts for the plates and screens of the tubes, and 6.3
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volts for the filaments, microphone, and the control
relay. The power source may be a set of dry bat-
teries (housed in Case CY-590/GRC) or a vibrator
type power supply unit (Power Supply PP-448/GR,
PP-281/GRC, or PP-282/GRC) housed in AF
Amplifier AM-65/GRC and operating from the
vehicular storage battery (6, 12, or 24 volts, respec-
tively). Typical working installations are described
briefly in ¢ through e below.

¢. Figure 3 shows the manner in which Receiver-
Transmitter RT-70(*)/GRC is associated with the
other components necessary to complete a portable
field installation, such as Radio Set AN/PRC-16.

(1) The additional components necessary to
complete Radio Set AN/PRC-16 include a
set of dry batteries (90 volts and 7.5
volts) housed in a battery box, Case CY-
590/GRC, a microphone with push-to-
talk switch, a headset (both audio acces-
sories must be equipped with 10-pin Con-
nector U-77/U), an antenna, and a mount-
ing plate. Power Cable Assembly CX-
1209/U joins the control and power input
circuits of the receiver-transmitter to the
wiring and batteries in Case CY-590/GRC.

(2) A microphone switch, and a control relay
within the receiver-transmitter control,
reception and transmission. A sidetone
circuit routes a portion of the microphone
audio energy to the audio circuits of the
receiver for monitoring purposes.

d. The combination of Receiver-Transmitter RT-
70(*)/GRC, AF Amplifier AM-65/GRC, Control
Box C-375/VRC, Power Supply PP-448/GR,
PP-281/GRC, or PP-282/GRC, and suitable
mountings, cables, audio accessories, and other in-
stallation components may be used in the radio in-
stallation known as Radio Set AN/VRC-7. Figure
4 is a functional block diagram of this set. In this
arrangement, the amplifier provides for monitoring
the receiver output of Receiver-Transmitter RT-70-
(*)/GRC, and interphone channel between control
stations, monitoring of the interphone channel, and
all operating potentials for its own circuits and for
those of the receiver-transmitter.

Note. The amplifier portion of AF Amplifier AM-65/GRC
provides three input and three output circuits. One of the
input circuits is for connection to the receiver output of one
receiver-transmitter (Receiver-Transmitter RT-70(*)/GRC
or set 2), another is for connection to the interphone or con-
trol station microphones, and the third is for connection to
the receiver output of another receiver-transmitter (set 1).
Set 1 (either Receiver-Transmitter RT-66/GRC, RT-
67/GRC, or RT-68/GRC) is not used in Radio Set AN/
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VRC-7. One of the three output circuits carries the ampli-
fied speech signals from set 2 and from the microphones
(set 2 + interphone output), the other speech signals from
set 1 and from the microphones, and the third signals from
both receivers and from the microphones (set 1 + set 2 -+
interphone output). A mixing circuit within the amplifier
makes this path arrangement possible.

e. The combination of Receiver-Transmitter RT-
70(*)/GRC and AF Amplifier AM-65/GRC may be
used in conjunction with a longer range receiver-
transmitter and possibly an auxiliary receiver in
any one of the more complex system installations,
Radio Sets AN/GRC-3 through -8.

f. The major components which are normally as-
sociated with Receiver-Transmitter RT-70(*)/GRC
are described in separate manuals. The mannerin
which Receiver-Transmitter RT-70(*)/GRC is used
as part of a complete installation in a communication
network is described in the technical manual for the
particular radio set.

5. Technical Characteristics

a. Overall Equipment.
Frequency range.________ 47 to 58.4 me
Type of signals trans- Fm voice
mitted and received.
Type of tuning. .. ... __ Continuous
Number of present de- 2
tented channels.

Channel spacing_________ 100 ke
Number of channels______ 115
Reliable communication 1 mile
range.
Type of operation________ Push-to-talk
Type of control __________ Local or remote
Power requirements______ 90 volts at 80 ma for plates and
screens.

6.3 volts at 360 ma for filaments.
6.3 volts at 160 ma for relay
(transmit only).
The above voltages obtainable
either from dry batteries in
Case CY-590/GRC or from
vibrator type Power Supply
PP-448/GR, Power Supply PP-
281/GRC, or Power Supply
PP-282/GRC and 6-, 12-, or
24-volt storage battery, re-
spectively, through AF Ampli-
fier AM-65/GRC.
Antenna requirements. . ._Common whip type antenna 50-
ohm impedance.
b. Transmitler Circuil.
Power output..__._______ 500 mw.
Maximum modulation =20 ke at 1,000 cps with .25-volt

frequency deviation. input.
Frequency range_ - ... Continuously variable 47 to 58.4
me.
Type of operational con- Push-to-talk transmitter normally
trol in standby condition.
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Power input require-

ments:
Plate and screen. . ... 90 volts 80 ma.
Filament_._.__.__.._. 6.3 volts 360 ma.
Relay_.._._.._......6.3 volts 160 ma.
Transmitter audio input 150 ohms at 1,000 cps.
impedance.

Transmitter audio input level 0.25 volt rms at 1,000 cps.
¢. Receiver Circuil.

Type of receiver circuit...Double-conversion  superhetero-
dyne.

First intermediate fre- 15 mc.

quency.

Second intermediate fre- 1.4 me.

quency.

Type of operational con- Receiver normally in standby

trol. condition and silenced by squelch
action. Turned on by signals
having a minimum level deter-
mined by setting of SQUELCH
control.

Sensitivity _ _____________ 25-db signal-to-noise ratio at 1.0
microvolt with 15-kc deviation
at 1,000 cps.

Bandwidth:

6dbdown..________ 80 ke
20 db down........_120 ke.
40dbdown.._.____. Not over 180 ke.
Audio power output.._.... 75 mw maximum for +15-ke de-

viation at 1,000 cps.
Audio power output con- Continuously variable by means
trol. of panel-mounted “VOLUME
control.

Audio output impedance. _600 chms.

Noise suppression sensi- 14 microvolt, approximately.

tivity (squelch).

Squelch control . _________ Continuously  variable, panel-
mounted SQUELCH control
adjusts squelch sensitivity.
OFF position of control dis-
ables squelch circuit.

Power input requirements:

Plate and screen_______ 90 volts 80 ma.
Filament___.__.._____.__. 6.3 volts 360 ma.
d. Calibration.
Calibrate frequencies. . _ .. At each me from 47 through 58 me.
Built-in calibrate oscil- 1 me.
lator (crystal-con-
trolled).
Built-in oscillator (crys- 1.4 me.

tal-controlled).
Accuracy of calibrate 0.01 per cent, approximately.
oscillator.

6. Description of Receiver-Transmitter RT-
70(*) /GRC

a. Receiver-Transmitter RT-70(*)/GRC is a
combination double-conversion type superhetero-
dyne receiver and FM transmitter with common
antenna circuit. It is designed for the reception
and transmission of FM voice signals within the con-
tinuously variable tuning range of 47 to 58.4 me.

AGO 10104A

b. A front view of Receiver-Transmitter RT-
70(*)/GRC is shown in figure 1. The unit is a com-
pact, lightweight panel-and-chassis assembly with
outer cover. All operating controls, cable connec-
tors, and indicators are mounted on the front panel
and are immediately accessible. A hole on the top
of the outer cover gives access to the antenna trim-
mer capacitor. This hole is covered with a water-
tight cap. Snap catches are provided on the outer
cover so that the unit can be mounted on AF Am-
plifier AM-65/GRC when it is used in a vehicular
installation. The chassis may be removed by turn-
ing the Dzus fasteners on the front panel one-fourth
turn to the left and sliding off the cover from the
rear. The dimensions of the entire unit are 127§
inches by 714 inches by 514 inches. The weight of
the complete unit with outer cover is 1634 pounds.

c. Figures 5 through 8 show Receiver-Trans-
mitter RT-70(*)/GRC removed from the case.
The panel-and-chassis assembly consists of a front
panel, a radio-frequency (RF) chassis, and an inter-
mediate-frequency (IF) chassis. The RF chassis
mounts the high-frequency (HF) components of
both the transmitting and receiving circuits. The
receiver IF components and the audio components
of both the transmitter and receiver are mounted on
the IF chassis. Both chassis are attached to pro-
jections at the rear of the front panel with screws
and are arranged so that all internal tuning adjust-
ment controls, tubes, and other plug-in parts are
accessible without further disassembly of the unit.
An important feature of the assembly is that a com-
plete chassis can be substituted if either the RF or
IF chassis of the set is defective.

(1) Front panel. The -cast-aluminum front
panel mounts all operating controls and
connectors (fig. 1) and the dial-drive and
detent mechanism (fig. 42). The dial-
drive assembly, mounted on the rear of
the front panel, couples mechanically to
the shaft of RF tuning gang capacitor C10,
mounted on the component side of the RF
chassis. A set of allen wrenches is mounted
in a bracket at the rear of the panel (fig.
42).

(2) RF chassis (figs. 6, 45, 46, and 47). The
RF chassis is located on the right side of
the panel-and-chassis assembly. It
mounts the audio and RF components of
the transmitter and HF portion of the re-
ceiver, variable 32- to 43.4-mc oscillator
V2, and calibrate oscillator V7, including

7
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Figure 5. Receiver-Transmitter RT-70(*)/GRC, case removed, lop view of panel-and-chassis assembly.
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Figure 6. Receiver-Transmitter RT-70(*) /GRC, case removed, view of RF chassis, right sight of panel-and-cl.assis assembly).

gang tuning capacitor C10, crystals, and and 44) mounts the components of the re-
associated parts. A tube puller and a ceiver IF amplifier, squelch, and audio cir-
circuit label are provided on the RF cuits. The receiver-transmitter control
chassis. relay and TANK-VEH-FIELD switch
(3) IF chassis. The IF chassis (figs. 7, 43, S101 are also mounted on the IF chassis.
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Figure 7.
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Receiver-Transmitter RT-70(*)/GRC, case removed, view of IF chassis, left side of panel-and-chassis assembly.
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Receiver-Transmatter RT-70(*)/GRC, case removed, bottom view of panel-and-chassis assembly.
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Controls, Instruments, and Connectors

All operating controls and external connectors
are on the front panel of the receiver-transmitter.
Antenna tuning adjustment capacitor C41 (fig. 5)
is accessible from the top of the outer cover when

the cap is removed.

The location of panel controls

and connectors is shown in figure 9. The following
chart lists the controls and connectors and indicates

the function of each.

In addition to the controls,

connectors, and other items mounted on the panel,
TANK-VEH-FIELD switch S101 is provided on the

IF chassis inside the unit.

This switch is set during

initial installation to the position corresponding to
the type of service to which the receiver-transmitter

is to be put.

Control or connector

Function

TENTH-MCS tuning
knob.

MCSdial ._......___

LOCK detent levers. _

Lamp (E201)..____..

SQUELCH control
(R202 and S201).

12

Calibrated in tenths of an me.
Rotation of this knob tunes the
receiver-transmitter over the fre-
quency range of 47 to 58.4 mc.

Calibrated in mc from 47 through 58.
One complete rotation of tuning
knob changes dial setting by 1 mec.
Frequency indication between mec
markings obtainable from setting
of TENTH-MCS tuning knob.
Tuning frequency of set is sum of
nearest lower dial number plus
calibration marking on knob.

Two levers, one on each side of the
dial lamp. Each serves (inde-
pendently of the other) to actuate
a detent mechanism to detent or
preset the dial-drive mechanism
at any position within the tuning

range.
A pilot light above tuning knob
which  illuminates calibration

markings of knob and dial.

This switch and potentiometer as-
sembly serves to adjust the degree
of the receiver squelch or noise
quieting. In the maximum coun-
terclockwise direction of rotation
of the knob, the switch is turned
off and the squelch (or receiver
noise quieting circuit) is disabled,
providing no receiver quieting.
In the clockwise direction of rota-
tion, increasingly stronger signals
are required to disable the squelch
and restore the receiver audio
amplifier circuits to normal oper-
ation. For any setting of the pot-
entiometer, a particular signal
strength is determined, below

Control or connector

Function

VOLUME (R204)--..

ANT ADJ-DIAL
LIGHT (ON-OFF)-
CAL switch (8202).

which the receiver audio circuits
are inoperative and above which
signals may be heard.

This potentiometer serves to adjust
the audio output of the receiver.

This four-position, wafer type switch
has the functions tabulated below:

Pousition Function

ANT ADJ Turns on calibrate os-
cillator V7, provided
the receiver-trans-
mitter is in the re-
ceiving condition.

The calibrate oscillator
cannot be turned on
when the receiver-
transmitter is in the
transmitting condi-
tion. The -calibrate
oscillator feeds into
the receiver RF stage,
a crystal-controlled
source of RF test
signal for alining the
receiver-transmitter
antenna circuit.
Turns on dial il-
luminating LAMP
E201 on the front
panel.

Turns on dial illumi-
nating lamp E201.

DIAL
LIGHT
ON

DIAL

LIGHT
OFF

Turns off the dial il-
luminating lamp. (A
load equalizing re-
sistor is substituted
for the lamp when
internal TANK-
VEH-FIELD switch
S101 is in the TANK
or VEH position.)

Turns on calibrate os-
cillator V7 and 1.4-
mc beat oscillator
(part of V106) to
provide a standard
test frequency and a
crystal-controlled
comparison fre-
quency, respectively,
for the purpose of
alining the receiver
tuned circuits and for
checking the calibra-
tion of receiver-trans-
mitter main oscillator
V2. The two sig-
nals combine in the
receiver-discrimi-

CAL

AGO 10104A
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Control or connector Function Control or connector Function
Position Function Position Function
nator circuit to pro- ADJ-DIAL
duce a zero voltage or LIGHT (ON-
zero beat note as an OFF)-CAL
indication of proper switch 8202 is
alinement, or a meas- in the DIAL
urable voltage and LIGHT OFF
an audible beat note position.
as an indication of (2) It places a dummy
improper receiver cal- load across the
ibration and aline- 90-volt  supply
ment. Turns on dial circuit when the
illuminating lamp receiver-trans-
E201. mitter is in the
ANT connector | This is a small coaxial connector receiving condi-
(J201). located in the top right-hand cor- tionand thescreen
ner of panel. Serves to connect supply circuit is
the lead from the common re- disconnected from
ceiver and transmitter antenna to certain transmit-
the antenna circuit inside the set. ter tubes. Main-
Antenna tuning ad- | This is a screwdriver adjusted trim- tains a constant
justment (C41). mer capacitor which is made drain on the 90-
accessible when the cap at the volt supply.
top of the outer case is removed. VEH Used when the receiver-

Antenna base holder_ _

AUDIO
(J202).

connector

TANK-VEH-FIELD

It serves to tune the common
antenna circuits.

Two holes, at right angles to each
other, permit attaching antenna
Mounting MT-652/GR with Dzus
type fasteners in either one of two
positions.

This 10-pin multiconnector with
male compression type contacts
provides for connecting head-
phones, microphone, and micro-
phone push-to-talk button to the
receiver output and the trans-
mitter audio input circuits, re-
spectively. A through connection
is also provided between a pin on
this connector and the POWER
connector for an external power
control circuit.

TANK Used when the receiver-

transmitter is in an in-
stallation involving AF
Amplifier AM-65/GRC
and one of the vibrator
power supplies. In this
position, the switch per-
forms the following func-
tions:

(1) It equalizes the
filament supply
drain.

(2) It equalizes the
90-volt  supply
drain.

(3) It reduces the level
of sidetone fed
from the trans-
mitter micro-
phone circuit to
the receiver audio

switch S101. transmitter is in an circuits.

installation involving AF FIELD Used when the receiver-
Amplifier AM—65/GRC, transmitter is in a port-
one or more monitoring able installation in which
positions through the the amplifier is not used.
amplifier and Control Power is derived from a
Box C-375/VRC, and set of dry batteries (Case
the use of Power Supply CY-590/GRC) and no
PP-281/GRC, PP-282/ monitoring or interphone
GRC, or PP-448/GR. , positions are involved.
In this position, the In this position, the
switch performs the fol- switch performs the fol-
lowing functions: lowing functions:

(1) It substitutes a (1) The dummy loads
dummy load are disconnected.
across the fila- (2) The level of side-
ment supply in tone to the re-
place of the dial ceiver audio cir-

) light, when ANT cuits is reduced.
AGO 10104A 13
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Figure 9. Receiver- Transmilter RT-70(*)/GRC, panel controls and connectors.

8. Additional Equipment Required

The following materials are not supplied as part
of Receiver-Transmitter RT-70(*)/GRC, but are
required for its installation and operation: a micro-
phone and headset, or a handset with push-to-talk
button; an antenna with mounfing components
and hardware; a source of 90-volt plate and screen
power and a source of 6-volt filament and relay
power; suitable control boxes and mounting facili-
ties; connecting cables; and a set of spare parts.
The number and type of components necessary to
complete a working installation differs from one in-
stallation to another, depending on the nature of the
system in which the receiver-transmitter is used.
The materials normally supplied for two typical in-
stallations are detailed in a and b below.

. a. Portable Installation (Radio Set AN/PRC-16).
For a portable installation, such as Radio Set
AN/PRC-16, the following materials normally are
supplied:

(1)
@)

Receiver-Transmitter RT-70(*)/GRC.
Case CY-590/GRC, including the re-
quired set of dry batteries (90 volts and
7.5 volts).

Mounting MT-673/UR.

Mounting MT-652/GR.

Mast Section AB-22/GR.

Mast Section AB-24/GR.

Power Cable Assembly CX-1209/U.

3)
(4)
(5)
(6)
(7)
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(8) Handset with push-to-talk button—Hand-

set H-33(*)/PT.

(9) TM 11-282, Radio Set AN/FRC-15.

b. Vehicular Installation (Radio Set AN/VRC-7).
For a vehicular installation, such as Radio Set
AN/VRC-7, the following materials normally are
supplied:

(1) Receiver-Transmitter RT-70(*)/GRC.

(2) Interphone amplifier with suitable vibra-
tor type power supply—AF Amplifier
AM-65/GRC and one PP-448/GR, PP-
281/GRC, or PP-282/GRC.

Vibrator type power supply. One of
Power Supply PP-448/GR, PP-281/GRC,
or PP-282/GRC, depending on whether
the storage battery voltage is 6, 12, or 24
volts, respectively. (The power supply
is housed in a compartment of AF Ampli-
fier AM-65/GRC, (2) above.)

(4) Mounting MT-300/GR.

(5) Vehicular antenna components, as follows:

(a) Mast Base AB-15/GR.

(b) Mast Section AB-22/GR.

(¢) Mast Section AB-24/GR.

(6) Interphone operation control unit—Con-
trol Box C-375/VRC
(7) Remote control equipment—Control Group

AN/GRA-6, including Local Control C-

434/GRC and Remote Control C-433/

GRC (optional).

3)
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(8) Rf Cable Assembly CG-530/U (4 ft.,

2 in. long).

(9) Special Purpose Cable WM—46/U.
(10) Special Purpose Cable Assembly CX-

1213/U.

(11) Connector and bondnut (Appleton Elec-
tric No. 61007 and BL-50) or equal.

(12) Adapter UG-273/U.

(13) Adapter UG-306/U.

(14) Bag CW-206/GR.

(15) Case CY-684/GR.

(16) TM 11-285, Radio Set AN/VRC-T7.

Note. The above lists are intended for illustrative
purposes only. Detailed information on parts and
additional equipments supplied for a particular
installation is given in the technical manual for the
particular system.

9. Running Spare Parts and Tools

a. Running Spare Parts. The following running
spare parts are supplied with each Receiver-Trans-
mitter RT-70(*)/GRC.

1 GH-1992-1 lamp incandescent or Mazda 331.
1 type 3B4 tube.

6 type 3Q4 tubes.

2 type 3A5 tubes.

2 type 114 tubes.

10 type 1U4 tubes.

2 type 1R5 tubes.

1 type 185 tube.

1 type 1AE4 tube.

b. Tools. The following tools are supplied with
each Receiver-Transmitter RT-70(*)/GRC.

(1) Allen wrench No. 6 and No. 10 (fig. 5).
(2) Tube puller (fig. 6).

10. Differences in Models

a. The following changes have been made in all
models of Receiver-Transmitter RT-70(*)/GRC
except those with serial numbers from 1 through 747
on Order No. 18651-Phila—49.

(1) The value of resistor R2 is changed from
470,000 onms to 270,000 ohms and, in-
stead of being connected across Cl, is
connected between pin 3 of V1 and terminal
4 of T2.

(2) The value of resistor R3 is changed from
27,000 ohms to 82,000 ohms.

(3) Resistor R35, 3,300 ohms, is added be-
tween terminal 4 of T2 and ground.

(4) The value of resistor R140 is changed from
470,000 ohms to 220,000 ohms.
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b. In all models except those with serial numbers
from 1 through 4122 on Orders No. 18651-Phila—49
and 1759-Phila-51, 6371 through 7158 on Order No.
16832-Phila-51, and 14232 through 14325 on Order
No. 16822-Phila-51, capacitor C159, .01 micro-
farad (uf) is added across terminal 4 of T101 and
ground.

¢. In models of Receiver-Transmitter RT-70/
GRC with serial numbers 1 through 888 on Order
No. 2884-Phila-52, C161 (3,000 micromicrofarads
(upf)) is added across C106.

d. Receiver-Transmitter RT-70A/GRC, on Or-
ders No. 2884-Phila-52 (serial numbers 889 throug}
4700), No. 2908-Phila-52 (serial numbers 1 through
12927), No. 2918-Phila-52 (serial numbers 1
through 16077),. and No. 2925-Phila-52 (serial
numbers 1 through 12800), differs from Receiver-
Transmitter RT-70/GRC in the following respects:

(1) The filament circuits are rearranged to
insure uniform distribution of the proper
filament voltage across each tube filament
(fig. 33).

(2) Receiver-Transmitter RT-70A/GRC uses
a 3A5 twin triode for first audio amplifier
and beat oscillator stage V106, in place of
the 1R5 pentagrid converter used in Re-
ceiver-Transmitter =~ RT-70/GRC. The
circuits of V106 are modified (fig. 54).

(3) To accommodate the change in tube type
indicated in (2) above, the filament cir-
cuits of V106, V108, V4, and V2, in the
same series-parallel filament string, are
modified (fig. 33).

(4) The value of capacitor C47 is changed
from .5 puf to 2 puf.

(5) The value of capacitor C109 is changed
from 30 uuf =10 percent to 39 uuf +£5
percent.

(6) Capacitor C161 (3,000 uuf) is added across
C106.

11. Modifications of Equipment

The modification work orders listed in a through ¢
below give changes or modifications of the compo-
nents or circuits of Receiver-Transmitter RT-70/
GRC. Equipment on which these modification
work orders have been performed may differ in
circuitry or parts from the equipment described in
this manual.

a. MWO Sig 11-290-1, Modification of Receiver-
Transmitter RT-70/GRC to Provide a Tube Guard
for Protection of Tubes V106, V107, and V108.
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b. MWO Sig 11-290-2, Modification of Receiver-
Transmitter RT-70/GRC to Provide Improved-
Type Spring-Locking Clips on R-F Coils.

¢. MWO Sig 11-290-3, Modification of Receiver-
Transmitter RT-70/GRC to Prevent Audio Feed-
back.

d. MWO Sig 11-290-4; Modification of Receiver-
Transmitter RT-70/GRC to Replace the Existing
9-Pin Amphenol Connector J203 with an Improved
Connector.

16

e. MWO Sig 11-290-5, Modification of Receiver-
Transmitter RT-70/GRC to Prevent Erratic Limit-
ing Action in the Receiver.

f. MWO 8ig 11-290-6, Modification of Receiver-
Transmitter RT-70/GRC to Increase the Ampli-
tude of the Beat Note of the Crystal Calibrator.

g. MWO Sig 11-290-7, Modification of Receiver-
Transmitter RT-70/GRC to Provide the Same
Operational Characteristics as Receiver-Transmitter
RT-70A/GRC.
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CHAPTER 2

THEORY OF RECEIVER-TRANSMITTER RT-70(*)/GRC

12. Block Diagram
(fig. 10)

6. General. The signal path of the receiver-
transmitter is shown in the functional block dia-
gram (fig. 10). A complete schematic diagram of
the equipment is shown in figures 53 and 54. The
block diagram shows that the equipment consists
of a separate transmitter circuit and a separate re-
ceiver circuit. The two circuits are associated with
each other through a common antenna circuit, a
common 32- to 43.4-mc oscillator, V2, and a common
tuning control. Normally, the receiver is operative
while the transmitter is in a standby or inoperative
condition. When the microphone button is oper-
ated, the receiver is effectively turned off and the
transmitter is turned on. This function is ac-
complished by a relay control circuit also indicated
on the block diagram. The frequency range of the
transmitter and of the receiver is from 47 to 58.4
me. This range corresponds to 115 channels of 100
ke each.

b. Transmitter Signal Path. The function of the
transmitter is to convert speech signals from an
external microphone, amplifier, telephone line, or
other audio-frequency (AF) source into FM RF
signals. This is accomplished by causing the AF
signals to shift the frequency of a locally generated
carrier frequency which is then transmitted over
the air. Voice signals from the external micro-
phone, amplifier, or telephone line are amplified by
microphone amplifier stage V1 to the proper value
for modulation (pars. 18 and 19). Audio voltages
are applied to the modulator to vary the frequency
generated by variable oscillator V2 (par. 20) in
accordance with the amplitude and frequency of
the audio signal. The outputs of 32- to 43.4-me
oscillator V2 and 15-mc transmitter oscillator V3
(par. 22) are combined in mixer stage V4 (par. 23).
The desired sum frequency at the output of the
transmitter mixer is selected by a tuned circuit
and is applied to transmitter driver stage V5 (par.
24). The signal is amplified again and is applied to
transmitter power amplifier stage V6 (par. 25).
The amplified output is then routed through a
tuned antenna circuit to the antenna (par. 26). No
antenna switching is provided since the receiver
is inoperative when the transmitter is energized.
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c. Receiver Circuits. The function of the receiver
is to accept FM carrier signals and to convert them
by a double-conversion process and by means of an
FM discriminator into the originally transmitted
audio signals. The audio signals then are applied
to an external headset, the earpiece of a handset,
and audio amplifier, a telephone line, or some other
suitable AF receiving device. Carrier signals from
the antenna are applied through the common an-
tenna circuit to first RF amplifier stage V8 (par.
27), the output of which is tuned by a section of the
variable gang capacitor. The amplified output of
this stage and the output of common variable os-
cillator V2 (b above) is applied to mixer stage V9
(par. 28) which produces sum and difference fre-
quencies. The difference frequency is selected by
the tuning circuit of the mixer and is routed as a
band of frequencies centered about 15 mc to a three-
stage IF amplifier (V10, V11, and V101) (par. 29).
The 15-mc output of V101, in conjunction with the
second harmonic of the 6.8-mc oscillator (part of
V102), is combined in the receiver second mixer
portion of V102 (par. 30) to produce a second IF
centered about 1.4 me. This signal is amplified
again in a three-stage amplifier limiter (V103, V104,
and V105) (par. 31). The first stage (V103) is a
conventional 1.4-mc IF amplifier. The second and
third stages (V104 and V105) have the additional
function of limiting (or eliminating) any amplitude
variations of the signal. Such amplitude variations
represent noise or interference and are, therefore,
undesirable. In addition, the proper functioning
of discriminator T107, which follows second limiter
V105, requires that the level of the applied signal
be fairly uniform for variations in the level of the in-
coming signal. The output of the second limiter
stage is applied to discriminator circuit T107 which
functions to demodulate the audio signal from the
incoming carrier signal (par. 32). The discriminator
converts variations from the center frequency of
the incoming signal into audio signals. These
audio signals appearing at the output of the dis-
criminator are amplified in two-stage audio amplifier
V106 and V108 (pars. 33 and 34) and are applied
to the receiver output terminals of the panel-
mounted AUDIO and POWER connectors. The
panel-mounted VOLUME control is located elec-
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trically between the output of the first and the input
of the second audio amplifier stages.

d. Sidetone. A portion of the audio signal ap-
plied to the transmitter is routed over a special

in the earpiece of the handset or in the headset of
the operator (par. 37). This sidetone signal is use-
ful because it permits monitoring the transmission
and it imparts a natural effect in the earpiece of the

path, called a sidetone path, to the receiver audio  handset. Without sidetone, the circuit would seem
circuits where it is amplified and becomes audible  dea
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Figure 10. Receiver-Transmitter RT-70/GRC, functional block diagram.
13. Transmitter Carrier Frequency and Re-  One path applies the oscillator output to receiver

ceiver IF Generation

As shown in figure 10, three oscillators serve to
produce the transmitting carrier frequency and the
receiver intermediate frequencies. These are 32- to
43.4-mc oscillator V2, 15-mc transmitter oscillator
V3 (15-me output), and the fixed second if 6.8-mc
oscillator (13.6-mc¢ output) which uses (part of
V102).

a. 32- to 43.4-mc Oscillator V2. Variable self-
excited common oscillator V2 is tunable over its
frequency range of 32 to 43.4 mc by gang tuning
capacitor C10A. The frequency generated by this
oscillator is always 15 mc below the receiver-trans-
mitter operating frequency. This means that for
any setting of the tuning capacitor, the variable os-
cillator frequency is 15 mc below the ultimate de-
sired transmitting frequency, and 15 mc below the
frequency to which the receiver is tuned. The out-
put of the variable oscillator is fed over two paths.

first mixer V9 where, during reception of a signal,
the first IF of 15 mc is produced. The other path
applies the output of the oscillator to transmitter
mixer V4. There the variable oscillator frequency
combines with the output of 15-me¢ transmitter
oscillator V3 to produce a sum frequency which is
the desired transmitter carrier frequency. During
transmission, the output of the variable oscillator
is frequency-modulated by the voice signals enter-
ing the transmitter circuits from the microphone or
other audio device.

b. 16-mc Transmitter Oscillator V3. Fixed-fre-
quency crystal-controlled oscillator V3 produces a
frequency of 7.5 mec. The second harmonic of this
frequency (15 mc) is selected and applied to trans-
mitter mixer V4 together with the output of varia-
ble common oscillator V2. The resultant sum fre-
quency is the desired transmission frequency.

¢. 18.6-mc Oscillator V102. A portion of tube
V102 is used in a fixed-frequency crystal-controlled
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oscillator circuit producing a frequency of 6.8 me.
The second harmonic of this frequency fed to the
receiver second mixer (another portion of V102),
beats with the first IF (15 mc), producing the second
IF (1.4 mc).

14. Receiver-Transmitter Common Circvit
Elements
(figs. 53 and 54)

In addition to common 32- to 43.4-mc variable
oscillator V2 (par. 20) the elements described below
are also common to the receiver and to the trans-
mitter.

a. Tuning Elements. The receiver and trans-
mitter are always tuned to the same operating fre-
quency. Selection of the desired operating fre-
quency is accomplished by the continuously varia-
ble tuning control on the front panel. Varying this
control varies gang tuning capacitor C10, the five
sections of which are associated with the tuned
receiver-transmitter rf stages as tabulated below-
The chart also shows the trimmer capacitors as-
sociated with each variable tuned circuit.

Receiver-Transmitter RT-70(*)GRC RF Circuits

| Section ca-

Stage or circuit Capacitor | pacity range Trimmer
32- to 43.4-mc os-| C10A 14 to 77 | C4 (3-15 puuf)
cillator V2 uuf and tracking
plates.*
Transmitter mixer | C10B 11 to 36 | C27 (3-12).
V4 upf
Transmitter driver | C10C 11 to 36 | C34 (3-12).
V5
Transmitter power | C100 | 11 to 36 | C41 (3-15).
amplifier V6 and
antenna circuit.
Transmitter neu- |._._.___| ___.__.__ C35 (.3-3.0).
tralizer circuit.
Receiver RF stage | C10E 11 to 36 | C56 (3-12)
Vs
Calibrate oscillator |________|____.__.___ C48 (3-12).
V7

* The slotted tracking adjustment plates (fig. 6), mounted at the rear
of the gang capacitor, serve to straighten out the oscillator tuning capacity
versus dial rotation curve (i.e. calibration). Adjustment is made b;
bending the segment corresponding to the particular mc setting of the disz
For adjustment details, see paragraph 74e.

b. Antenna Circuit. Since the transmitting fre-
quency is always the same as the receiving frequency,
and only the transmitter or the receiver is on at any
one time, a common antenna circuit is used. Gang
capacitor C10D and trimmer capacitor C41 tune
the antenna circuit to resonance at the operating
frequency.

¢. Control Circuits. In effect, the receiver-trans-
mit control circuit applies full power to either the
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transmitter when relay O 101 in the control circuit
is energized or to the receiver when the control relay
is deenergized (par. 36). Relay O 101 is energized
when ground return to the relay is made, and is
deenergized when ground return is broken. Ap-
plication or removal of ground return may be ac-
complished either by the push-to-talk function of a
microphone directly or through a sequence of other
external relays, depending on the arrangement of
the system in which the receiver-transmitter is used.

15. Modulation

The 32- to 43.4-mc oscillator frequency is modu-
lated by varying the inductance of coil L2B con-
nected in series with oscillator tuning coil L3 (fig.
13). The inductance of this small modulating coil
is changed by varying the permeability of the iron
dust, core upon which it is wound. To accomplish
this, the coil is placed in the magnetic field of larger
AF coil L2A, which is energized by the microphone
amplifier when the operator talks into the carbon
microphone connected to the receiver-transmitter.
The iron dust core is also magnetically biased by a
permanent magnet to provide a proper center
operating point. Modulation is represented by a
shift of about £15 ke in the frequency generated by
variable oscillator V2, and ultimately by a shift in
the overall carrier frequency.

16. Squelch Circuit

It is characteristic of very sensitive receivers that
in the absence of a received signal a rushing noise
is heard in the receiver phones or loudspeaker.
The noise is the result of thermal agitation in the
vacuum tubes and receiver components and of ex-
ternal electrical disturbances. A squelch circuit is,
therefore, used to suppress this annoying noise dur-
ing no-signal intervals. In Receiver-Transmitter
RT-70(*)/GRC, the squelch circuit consists of a
carrier-switched 30-kc (approximately) oscillator
followed electrically by a diode rectifier. Both the
oscillator and diode rectifier are in the same enve-
lope of multipurpose tube V107. When the re-
ceiver is in a squelched condition and no signal is
being received, the squelch circuit is operative and
biases the audio amplifier to cutoff. When a sig-
nal is received which has the proper signal strength,
the squelch is disabled and the audio amplifier is
restored to normal operation. Squelch action is
adjustable by means of panel-mounted SQUELCH
control R202. The OFF position of this control
operates switch S201 and disables the squelch for
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test purposes or for reception of weak or fading sig-
nals. The squelch circuit is described in greater
detail in paragraph 35.

17. Calibrating and Test Circuit

A calibrating circuit associated with the receiver
includes 1-mec crystal-controlled oscillator V7, the
output of which is very rich in harmonics, and a
1.4-mc oscillator derived from a portion of first
audio amplifier tube V106 and ANT ADJ-DIAL
LIGHT (ON-OFF)-CAL test switch S202.

a. Calibrate Oscillator. A signal for use in cali-
brating the receiver at frequency settings of the
dial which are multiples of 1 mc is generated by
crystal oscillator V7 (par. 38). This oscillator is
coupled to the input of first RF amplifier tube V8
of the receiver. When the test switch is in either
the ANT ADJ or in the CAL position, the oscillator
is turned on and generates a frequency of 1 me.
The harmonics of this signal are selected by the
tuned circuits of the receiver, the particular har-
monic selected depending on the frequency to which
the receiver is tuned.

b. Beat Oscillator. When the test switch is in
the CAL position, first audio amplifier stage V106
functions as a combined 1.4-mc crystal oscillator
and an audio amplifier (par. 39). The output of
this oscillator is connected at & point ahead of the
discriminator rectifiers. Since the frequency gen-
erated by this oscillator is the same as that to which
the 1.4-mc if amplifier is tuned, a zero beat is ob-
tained at the output of the discriminator when a
1.4-mc signal enters the discriminator. An audio
beat note is obtained when the incoming signal to
the RF stage is not a multiple of 1 me, thereby caus-
ing the signal at the discriminator input to be dif-
ferent than 1.4 mec. This AF beat enables the
operator to make precise frequency adjustments.

c. Use. If either the 13.6-mc oscillator or the
32- to 43.4-mc oscillator is off frequency, the signal
entering the discriminator circuit will not be 1.4
mec and, therefore, an audible beat note will be
heard. However, as long as the oscillators are all
on frequency, a zero beat note will be obtained.
The calibrate oscillator alone can be used to check
the tuning of the antenna circuit at every megacycle
point, since proper alinement will cause quieting
of the noise in the receiver. The combination of
the beat oscillator and the calibrate oscillator may
be used to check the following (par. 40):

(1) The calibrate oscillator (V7).
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(2) The receiver 13.6-mc oscillator (part of
V102).

(3) The tuning of common 32- to 43.4-mc
oscillator V2.

(4) The tuning of the overall receiver.

18. Microphone Input Circuit
(fig. 11)

a. Two parallel input connections for the audio
signal and control circuit of the microphone, or
another source of audio modulation to be trans-
mitted, are provided. One input connection is at
terminals C and E (ground) of AUDIO connector
J202, and the other at terminals C and D (ground)
of POWER connector J203. The microphone cir-
cuit of Receiver-Transmitter RT-70(*)/GRC ex-
tends over terminals 2 of chassis connectors P201
and J1 to the 150-ohm primary winding (terminals
6 and 7) of microphone transformer T1. The
ground return path for the audio signals is completed
over terminals 4 of J1 and P 201 and terminals 4
of P202 and J101, through dual capacitor C157.

b. Direct-current (dc) voltage for energizing the
carbon button of the microphone is applied from an
external 6-volt dc source (filament supply) to
terminals F and D (ground) of J203. The 6-volt
microphone supply circuit extends from terminal F
of J203, through terminals 13 of P202 and J101,
through the normally open contacts 2 and 3 of
control relay O 101, over terminals 15 of J101,
P202, P201, and J1, and through voltage-dropping
resistor R1 to terminal 7 of the primary winding of
T1. The microphone supply voltage is filtered by
capacitor C157B and C157A.

¢. Contacts 2 and 3 of relay O 101 close and apply
microphone energizing voltage when the microphone
push-to-talk button is closed or when, through some
other external circuit arrangement, ground return
for the coil of relay O 101 is completed (par. 36).

d. The signal voltage developed across winding
6-7 of T1 is induced into secondary winding 1-2-3
of that transformer for application to the microphone
amplifier (par. 19). The portion of the signal de-
veloped across winding 1-2 of T1 is routed over the
sidetone circuit to the receiver audio amplifier
stages. The sidetone circuit is described in para-
graph 37.

19. Transmitter Microphone Amplifler V1
(figs. 11 and 12)
The transmitter microphone amplifier uses a tube
type 3Q4 pentode, V1, in a conventional class A
audio amplifier circuit. The purpose of this stage
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is to raise the level of the speech signals to the
proper value for modulating the transmitter.

a. Preemphasis Circusit. The high impedance
secondary winding 1-2-3 of microphone transformer
T1 is connected to the grid of V1 through a shaping
circuit consisting of capacitor C1 and resistors R2
and R3 (R2 not used in Receiver-Transmitter
RT-70A/GRC). The shaping circuit accentuates
the higher audio frequencies to provide preemphasis
during transmission. This arrangement is used to
increase the carrier frequency deviation per audio
input volt for the higher audio frequencies, so that
at the receiving end the signal-plus-noise to noise
ratio will be effectively increased.

Notes.

1. In all models except those with serial numbers from 1
through 747 in Order No. 18651-Phila-49 (fig. 11), resistor
R2, 470,000 ohms, is removed and resistor R2, 270,000 ohms,
is connected between terminal 4 of transformer T2 and pin 3
of tube V1; the value of resistor R3 is increased from 27,000
ohms to 82,000 ohms; capacitor C2 is removed; and an addi-
tional resistor, R35, is connected across pins 4 and 6 of T2.
The removal of R2 from the grid circuit and C2 from the
plate circuit increases the high-frequency preemphasis pro-
vided by this stage. The addition of R35 across 4 and 6 of
T2 broadens the frequency response of the amplifier. The
connection of the new R2 from pin 4 of T2 to pin 3 of V1
provides a negative feedback circuit to R3 and the grid of V1.
This circuit decreases the distortion and broadens the re-
sponse of the amplifier.

2. In all models except those with serial numbers from 1
through 747 on Order No. 18651-Phila-49 (fig. 12), the value
of resistor R140 is changed from 470,000 ohms to 220,000
ohms, and the value of resistor R138 is changed from 150,000
ohms to 56,000 ohms. When switch S101 (TANK-VEH-
FIELD) is at either VEH or FIELD, these two resistors form
a voltage divider for that portion of the audio voltage which
is developed across pins 1 and 2 of T1. The values of the
two resistors are changed to reduce the sidetone signal by
developing a smaller audio voltage across R138 than that
obtained with the former values. When switch 8101 is at
TANK, the full voltage across pins 1 and 2 of T1 is applied
to the sidetone circuit.

b. Plate Load Impedance. The plate load im-
pedance of V1 consists of primary winding 1-2-3 of
output transformer T2 shunted by capacitor C2.
The parallel resonant plate load tends to shape the
frequency response of the amplifier and to peak it
at approximately 2,000 cycles.

c. Plate and Screen Supply Circuits. The plate
(pins 2 and 6 tied internally) and the screen grid
(pin 4) of tube V1 obtain their operating potentials
from the external 90-volt supply. The plate sup-
ply circuit extends from pin J of J203, through de-
coupling resistor R205, through pins 7 of chassis
connector P201 and J1, and through winding of
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1-2-3 of T2. The screen supply circuit extends
from pin J of J203 through R205, pins 11 of P202
and J101, over normally open contacts 8-9 of relay
O 101, pins 1 of J101 and P202, and pins 5 of P201
and J1. When O 101 is energized, contacts 8-9
close and complete the above circuit. When relay
O 101 is not energized, the screen circuit is open and
normally closed contact pair 5-4 places current
compensating resistor R136 across the 90-volt sup-
ply. Ground return for this resistor is provided
when switch S101 is in either the TANK or VEH
position. For a detailed description of the plate
and screen supply circuits, see paragraph 41. Fora
detailed description of the control circuits, see para-
graph 36.

d. Bias. Bias for the tube is provided by the
voltage drop across the filament of V6.

e. Filament Circuits. Filament voltage for V1
is obtained from the 6-volt filament supply con-
nected to terminal F of J203. In Receiver-Trans-
mitter RT-70A/GRC, the filament supply circuit
for V1 extends from pin F of J203, through pins 13
of connectors P202 and J101, and over normally
open contacts 2-3 of relay O 101, contacts 15 of
J101 and P202, P201, and J1 (fig. 33). The circuit
continues through filament voltage-dropping re-
sistor R40 and isolating choke L1 to pin 7 of V1.
The other side of the filament connects to the fila-
ments of other transmitter tubes. Filament voltage
is applied when relay O 101 becomes energized and
closes and contacts 2 and 3. When the transmitter
is in standby condition, these relay contacts are
open and no filament voltage is applied to V1. The
filament circuits of the receiver-transmitter are
described in paragraph 42. For control circuit
details see paragraph 36.

20. Common 32- to 43.4-mc Oscillator V2
(fig. 13)

The self-excited 32- to 43.4-mc oscillator uses a
type 3A5 twin-triode tube, V2, in a Colpitts circuit.
To obtain maximum transconductance, the two
triode sections of the tube are connected in parallel
by joining the two plates, pins 2 and 6, and the two
grids, pins 3 and 5.

a. Tuned Circuit. The oscillator is tuned to
resonance by the parallel resonant circuit composed
of series inductors L3 and L2B and by Cl0A, a
section of the receiver-transmitter main tuning
capacitor. The parallel group of capacitors C5,
C6, C7, and C9, connected in series with the varia-
ble capacitor section, provides the series padding






