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HF COMMUNICATION

GENERAL

Two High Frequency (HF) radio systems are used to transmit and receive

voice communications. They are used primarily for long range communica-
tions outside the range of other systems. Long range communication is pos-
sible since this system is not limited by line~of-gight characteristics. This
system not only provides the conventional Amplitude Modulation (AM) method

of voice communications but also the more recent Single Sideband (SSB) method.
This too enhances the longer range capability of the system.

AIRCRAFT INSTALLATION

Each system consists of a Model 6187T-2 transceiver, a Model 180 R-4A an-
tenna coupler, a 309A-1A coupler accessory unit, a 452A-1A lightning ar-
restor relay unit, a Model 714E-2A Control Panel, and one rod type fixed
antenna shared by both systems.

. The transceivers are in the center avionics equipment rack. Th2 control

. vanels are on the cerier console; tae coupler accesscry uni.; are in the verti-
cal stabilizer base; and the lightning arrestor reiay unit and antenna coupiers
are in the horizontal stabilizer bullet. The antenna is mouated in the forward
bullet fairing of the empennage.

Primary power necessary for system operation is 2S-volt D-C power and 3-
phase AC, 208 volts,phases-to-phase. Four circuit breakers for each system
are on the avionics circuit breaker panel. System No. 1 is supplied from the
A-C avionics and main D-C avionics No. 1 busses. No. 2 HF is supplied in an
identical manner from the No. 2 busses.

Keying interlock between the two HF systems is provided by relays in the cou-
pler accessory units and the lightning arrestor relay unit. The interlock

circuits prevent both transceivers from being keyed simultaneously, and pro-
vide the necessary switching to enable one antenna to be used by both systems.
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SYSTEM OPERATION (only one system is discussed)

The function, or mode of operation is selected by a four-position rotary switch.
In the "USB" position, the system operates using SSB with carrier suppression.
Only the Upper Sideband (USB) is transmitted. The next position is also"USB.
LSB need not be labeled on the control panel since this mode is disabled in the
aircraft wiring.

In'kM"operation, the carrier and upper sideband are transmitted. This is also
SSB operation, but the carrier is also transmitted. When the switch is in the
"OFF'" posgition, the equipment is deenergized.

The frequency selected may
be read directly from the

control panel. Frequency is MH2 1 KHz
determined by dialing the four -\-SELECTon SELECTOR
frequency knobs until the de- s \

sired operating frequency
appears in the panel window.
The antenna tuning system
automatically tunes the an-
tenna for each transmitter
frequency in order to obtain
maximum power transfer
from the transmitter to the
antenna.
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In order to transmit and re-
ceive from an HF system,
the desired system must be
selected on the interphcne CONTROL PANZL

control panel rotary selector.

If reception only is desired, the

HF mixer switch should be

turned on. The volume level of the HF audio should be coutrolled by the inter-
pnone volume controis only.

SELECTOR
SELECTOR

The transmitter can be keyed by pressing tne microphone button on the headset
cord or on the control wheel. Audio signals will be supplied from the micro-
phone to the transmitter. RF energy from the transmitter is applied to the
tuning system and antenna. Sidetone audio will be heard in the headphones during
transmission. When the microphone button is released, the antenna is connected
to the receiwver input. Received signals are amplified, detected, and then routed
to the interphone system. Best received signal to noise ratio is adjusted by the
RF sensitivity control.
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When each new frequency is selected and the transmitter is first keyed, the
antenna tuning system will tune. The tuning cycle is indicated to the operator

FREQUENCY
SELECTION
AND
ANTENNA —
CONTROL CONTROL > e
PANEL ——————4 TRANSCEIVER _ TUNING e
—————| SYSTEM =
‘ COUPLER AND
HEADSET| XEY MicC ACCESSORY UNIT
Aupio | (prT) AUD 10
o |NTERPHONE
CONTROL PANEL/
MIC

o I°‘J HEADPHONES

MIC BUTTON

SYSTEM BLOCK DIAGRAM

by a 1 KHz tone in the headphones. The average tuning time of the tuning system

is five seconds. When tuning is complete, the tone will ceaze. Keying the
transmitter the second time will provide full power transmission. This operation
is known as "Radio Silence' meaning that the {ransmitter is not on the air for
tuning purposes until the transmitter is first keyed. This reduces needless traos-
missions that cause interference when new receive frequencies are selected. I
the system fails to tune in 75 seconds, a thermal cutcut will disable the tuning
cycle and prevent transmission. After allowing ccoling time, 3 28w freguency
must be selected and the mic button pressed in order 0 inidare the suzing ovnle
again,

During receive operation, the antenna is connected directly to ar amplifier in the
accessory unit, bvpassing the tuning circuits ir the coupler used during iuninz
and transmit operations. The amplifier output is supglied to the receiver.
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SPECIFICATIONS

COLLINS 618T-2

CHARACTERISTIC

LIS

SPECIFICATION

Altitude range

Power requirements

Frequency range
Frequency channels
Frequeney stability

Time required to change
channels

Transmit Characteristics.

RF power output

RF output impedance

Audio input impedance
Audio-frequency response

Distortion

Pressure equivalent of 30,000 feet with
externally supplied cooling air.

115 volts (line to neutral), 3-phase, 400 Hz.
1000 watts 115 volts, 400 Hz. single phase.

160 watts, 27.5 volts, DC, 120watts
2.000 to 29.999 MHz

28,000,

0.8 part per million per month.

8 seconds average (independent of
external antenna tuner).

SSB: 400 watts pep. - db,

AM: 125 watts carrier = 1 dh,
CW: (23 waitts, iccked Revw = 1 di.
52 ohms.

39 ohms uniaianced arnd 500 chms
balanced.

5 db peak-to-valley ratic from 2300 to
3000 Hz.

S8B: Third-order distortion products
down at least 30 db,

AM: Less than 20 percent at 80 percent
modulation witia 1000 Hz.
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SPECIFICATIONS (Continued)

COLLINS 618T-2

.. CHARACTERISTIC SPECIFICATION

Receive Characteristics.
Sensitivity SSB: 1 microvolt for 10 db S+N/N ratio.

AM: 3 microvolts modulated 30 percent
1000 Hz for a 6 db S+N/N ratio.

Selectivity SSB: 2.85 KHz, 6 db down.
6.0 KHz, 60 db down.

AM: 5.5 KHz, 6 db down.
= - 14.0 KHz, minimum, 60 db down.

AGC characteristic Maximum variation of audio putput is 6
db for input signals from 10 to 100,000
microvolts. No overload below l-volt
gsignal input.

{ IF and image rejection §0 db, minimum.
Audio output power 100 milliwatts into 300 ohm load.
i ! , R
' Audio distortion ' Less than 10 percent with [UJ0=-micro-
volt input, modulated &0 percent at
1000 Hz.
Addlo=irequency resgonse 5 o prax-to-valler radio from 3060 to :
! g :
i 300G Hz.
Image rejection 60 db minimum below desired frequency

relative to 5 microvolt input.
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MODULE

FUNCTION

.. Al
A2
A3
A4
A5
A6
AT

A9
AlO
All
Al2
Al2Al

Al2A2

Frequency divider

RF oscillator

IF translator
Kilohertz-frequency stabilizer
Low-voltage power supply
Electronic control amplifier

3 phase AC high-voltage power supply
AM/audio amplifier-
Megahertz-frequency stabilizer
Power amplifier

RF translator

Autopositioner (submodule)

Variable-frequency oscillator (VFO
submodule)
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BLOCK DIAGRAM THEORY OF OPERATION

SINGLE SIDEBAND CONCEPT

The need for SSB communication systems has arisen because commercial and
military services need the long-range propagation characteristics obtainable

in the high frequency band. Since HF spectrum space is limited, the beat possible
use of available frequencies requires communication systems with minimum band-
width. An AM signal is composed of three parts: an RF carrier frequency, upper
sideband, and lower sideband. All of the audio (Voice) information is contained in
each sideband. Each sideband merely duplicates the information of the other. The
carrier contains no information. If one sideband and the carrier are eliminated, a
SSB signal results. The SSB signal is half the bandwidth of an AM signal. A SSB
signal therefore requirea only half the spectrum space for transmission of infor-
mation.

The principal advantages of SSB are high energy carrier elimination and narrow.
frequency bandwidth. A SSB transmitter provides full rated power output in one
sideband while an AM transmitter provides one~-fourth of its rated power in each

of two sidebands. A SSB transmitter with much less power than an AM transmitter
will give equal performance. For the advantages of SSB communication to be fully
realized, attention must be given to frequency stability, filter selectivity, and low
distortion linear power amplification.

The maximum frequency error which can be tolerated in an SSB system used for
voice communication is approximately 100 Hertz (Hz). Noticeable distortion occurs
at 50 Hz or greater. Another consideration in airborne SSB equipment is Doppler
shift, due to relative motion between transmitter and receiver. At an operating
frequency of 20 MHz when tranamitting from a modern jet aircraft to ground, the
frequency shift is approximately 20 Hz. This represents approximately one-half
the frequency error at whicn noticeable digtortion occurs, placing :dditional re-
strictions on the maximum ailowabie frequency error of the SSB equipment.

To enable SSB equipment to meset frequency and atability requirements, it is
necessary to use a stable master oscillator, by which other variable frequency
oscillators are stabilized. This t8 accomplighed by comparing their output
frequency with a frequency derived from the master oscillator.

In SSB transceivers, the gignal bandwidth must be narrow to reject interference
and the unwanted sideband. The filter used, therefore, must have a vary narrow
and flat bandpass. These filter requirements are met by mechanical filters
which operate at a frequency cf 500 KHz. These filters provide a much higher
Quality (Q) than is possible in LC circuits.

Because the SSB signal is a translated audio spectrum, it must be amplified
linearly like an audio signal in order to prevent excessive distortion. In addition,
linear amplification essentially eliminates the gemeration of harmonics, thereby

L)
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preventing adjacent channel interference. Class C RF amplifiers, like those used
to amplify AM signals, therefore, cannot be used in SSB transmissions. The RF
amplifiers and drivers are usually pentode vacuum tube stages operating class A.

The SSB signal is generated in the HF communication system by a filter-type SSB
generator, consisting of a balanced modulator and a very selective bandpass filter.
The output amplitude of the balanced modulator depends on the audio input amplitude.
When there is no audio input, the balanced modulator has no output.

501KHz USB AMMVWAMAAWY

499KHz LSB AMVWWWWY U o
MW
501KHz USB
PLUS
499KHz LSB
AUDIO l . MECHAN I CAL
SIGNAL BALANCED FILTER
L
1KHz MODULATOR 500-503KHz
BANDPASS
IF SIGNAL ‘gfc;
SO0KHz~ CARR.| ER
' REINSERT

Using a 500 KHz signal as the carrier frequency and a 1000 Hz audio tone as inputs,
the output of the balanced modulator consists of the upper and lower sidebands,
one on each gide of 500 KHz,just as in an AM modulator. Unlike an AM modulator
output however, the balanced modulator contains no appreciable amount of the 500
KHz carrier component. Thus, the carrier has been suppressed.

The double-sideband, suppressed-carrier signal (501 KHz and 499 KHz) from the
balanced modulator is fed to an upper sideband (USB) mechanical filter. The
bandwidth of the filter is 3 KHz; wide enough to pass only the modulating spectrum.
Therefore, only the upper sideband will be passed (501 KHz). Note that the SSB
signal is a sine wave, constant in amplitude, when a single-tone audio signal is
used for modulation. This SSB signal is displaced ‘rom its original carrier
frequency by an amount equal to the frequency of the modulatiny audio signal.

This modulated signal is heterodyned in several mixers until the selected trans-
mitter frequency has been developed.

To recover the audio signal at the receiver, the SSB signal must be mixed wita

a carrier frequency which is generated at the receiver. The mixer that performs
this demodulation is called a product detector. In the example given, combining
501 KHz with 500 KHz (carrier signal) in the product detector produces a difference
frequency of 1 KHz, which is the audio signal.
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Remember that in the transmitter, the carrier is suppressed and the sideband is
transmitted. In the receiver, the sideband is received and the carrier reinserted.

TRANSCEIVER GENERAL

The transceiver is the major unit of the system. The unit is composed of 11 plug-
in modules, including an interchangeable internal high voltage power supply. The
Model 618T-2 uses a 3-phase, A-C high voltage power supply.

MODULES

1he functions of the modules
are summarized below.

MODULE Al. The frequency
divide module transforms a
100 KHz signal from the RF
oscillator module to a 10 KHz
pulse and a 1 KHz spectrum
which is centered at 550 KHz.
These outputs are used for
VFO frequency stabilization
in the kilohertz frequency
stabilizer module. A 1 KHz
cal tone is also provided.

MODULE A2. The radio frequency oscillator module couniains the & Miiz RF ¢3-
cillator, which is the stable master oscillator of the system. This osciliater is
used to produce three output signals: a 500 KHz signal 0 the IF traasiaor for
communications, a 500 KHz signal to tne Megahertz (LiMz) {requen~v s:aniizer
to be usecd in stavilizaticn of the HF and (7.5 MHz c=aolliaters, and o 1.0 Ko
signal to the frequency divide module,

MODULE A3. The IF translator receives the microphone audio from AM. audio
module and a 30 ¥Hz signal from the RX cscillator module and zenerates a 500
KHz SSB or AM signai in the transmii mode. Thiz modile 2is¢ conwains SE3 77
amplifiers and a product detector which are used in the SSB receive mode.

MODULE A4. In the KHz frequency stabilizer, the VFO [requency is phase-
locked in | KHz steps with the RF oscillator reference frequency from the fre-
quency divide module. This action of trie KHz frequency stabilizer provides a

D-C tuning voltage for tuning the voltage-sensitive capacitors in the VFO tuned
circuits.

MODULE A5. The low voltage power supply contains a transient blanker circuit
which protects transistors in the transceiver from line voltage surges, an 18-

volt voltage regulator which provides transistor supply voltage, and a rectifier
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filter which produces 130 volts DC from a 115-volt, 400 Hz input. Voltage inputs
are 28 volts, DC, and 115 volts, AC.
Rxﬂ;

v
ERL. A-9 AM A-3 A-12 , A-11 X
IF
\F RF TRANSLATOR
L POWER AMPL
- *"P/‘U:":R TRANSLATOR OSCILLATORS —— e — ]
fb—"“ L : MODULE VFO 1 17.5 [ HFO D1SC jMOTOR
L 1KHz 1 ,
TONE SO0KHZ vVFO
CONT l
A-2 ~ A-10 A-6
. ELECTRONIC
RF 0OSC FREQ = KHz rreQ MHz rFreq CONTROL
MODULE MODULE | STABILIZER STABILIZER| | aMPLIFIER
' 1KHz ‘
SPECTRUM
500KHz
REG 18v OC 130v oc 1500v oc<——1 r—-*ZBOV oc
¢ [A-s I A-7
Cov HI1GH
VOLTAGE VOLTAGE
27v DC i POWER . POWER ——— 400v DC
- SUPPLY SYPPLY
: L =
28v' oc 39 ac

618T-2 MODULE BLOCK DI AGRAM

o

MODULE A6. Tnae electronic contro! amplifier receives an error signai {rom the
power amplifier phase discriminator. This signal is amplified and applied to a
servo motor. The motor drives a variable inductor used ia turing the power
amplifier's output network.

MODULE A7T. The high voitage power supndiv sudniied voocuun tube filzmen:
voitages, 260 volts, DC for the tubes in tne BT ranslator moecile, Sel vouls,
DC for the power amplifier module, and TGC control voliages. Voliage 1nput
is 3-phase AC, 208 volts, phase-to-phase.

MODULE AY. The Al audio moduie provides audio amplirication o the mirrs-
phone signal in transmit mode in both AM and SSB operation. In the AM receive
mode, the module provides AM/IF amplification and audio amplification. In the
SSB receive mode, audio amplification is provided.

MODULE Al0. The megahertz frequency stabilizer module stabilizes the fre-
guency of the 17.5 MHz and HF oscillators in the RF translator by phase lock-
ing them to the 500 KHz reference signal derived from the RF oscillator.

MODULE All. The power amplifier module amplifies the selected operated fre-
quency to 400 watts PEP in the SSB mode or 125 watts carrier power in the AM
mode.
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MODULE Al2. The RF translator contains the VFO and 17.5 MHz and HF oscil-
lators with their associated transmit and receive mixers. These circuits are
used in translating the 500 KHz modulated IF signal to the selected operating
frequency in the transmit mode and translating the received RF signal into the
500 KHz IF signal in the receive mode.

Color coded test points located on the modules permit general troubleshooting
without removing modules from the chassis. Each module is equipped with plug~-
in connectors and can be quickly removed since there are no mechanical linkages
between any of the modules. Many of the potentiometer adjustments are also
accessible without removing modules from the unit. Headset and microphone
jacks, meter, and meter selector switch are located on the front panel. Four
meter selector switch positions are used to check power supply voltages and
power amplifier plate current. A fifth position, "CAL TONE", is used to com~-
pare the frequency of the Model 618T-2 with WWV. A 400 Hz blower is also
located on the front panel to provide forced=-air cooling.

TRANSMITTER BLOCK DIAGRAM

The amplified microphone signal from the interphone system is fed into the AM/
audio module {(A9) where it is amplified through three audio amplifiers. The
amplifiers provide a sidetone output for monitoring the audio.- This differs from
most radio communication equipment in that sidetone is usually developed in the
transmitter output stagze, or santenna circuits, and indicates that the transmitier
is radiating power. Developing a sidetone signal in the anienna circuits of the
transceiver is 1ot possibie due to the characteristic3 of SSB meodulaiica. Toore-
fors, a portion of the power amp.ifier oufput signal is rectified and used w0 ener-
gize 3 relay in the sidetcne circuits. The closed contacts of tne relay cougpie ¢t
sidetone signal to the interpione sysiem. Withou: suffici by
the power ampnlifier, the relay remains deenergized and 1o side:on EASURAY
rearsd In the oper ’t\*‘s seadser. T incirwctiy orevides doLnelll L LTanoniities

Jurcul,.

)vJ ’}"
r

amplified MIC audio from the AM/audio mcduls is fed to a balanced modu-
lator in the IT translaior module where it 15 combined with 2 500 K¥H:z signa:

’3

*as

oonn the X7 oscillater, Taez halancer micqu.dlol dn SUL L3 liw LITes anl LA er
sidenands with no apprecianlzs 302 iz carrier signa..
The *wo siaebands are fed to e Autcmatic Load Control (ALC) IF amvelifier. T2

Sadn of :he amplifier (5 controlied by a feedback gignal from the grid of the power
amplifier. If the grid ¢f the power amplifier is overdriven, it wiili draw gric
current and produce a regative voltage which is fed back to the ALC zmxplifier.
The gain of the ALC istxcrepy reduced lowering the drive ‘o the power amplifier.
The power amplifier bias voltage is used also as B+ for the ALC amoblifier thus

assuring no PA grid signal without bias.
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The two sideband signals are further amplified by a second IF amplifier and fed
through a mechanical filter tuned to the Upper Sideband (USB) or Lower Sideband

(LSB) depending on the mode selected on the control panel (disregard LSB which
is disabled in the aircraft wiring).

I|=F TRANSLATOR MODULE

am/aupto | ALC  BIAS
MODULE | i
‘ uss
D_ AUD1IO ! BALANCED ALl;Ig. (-F
AMPLS MODULATOR — AMPL o
l CONTROL i
5 500KHz FROM RF 0OSC
SIDETONE IbOO)—L >
IKHz
— —
TO RF
TRANSLATOR
MODULE
AUDIO TO I F TRANSLATION SCHEME

TRANSMIT)

When the transceiver is operated in the AM mode, the upper sideband is passed
and a 500 KHz carrier from the RF oscillator module is reinserted at the filter
output producing an amplitude-modulated RF envelope.

The signal is amplified further by a third IF amplifier. The gain of this ampli-
Iier (3 controiled b feedbacx signals from the power amplifier, This is ac-
coraplished by a D-C ampiifier, If excessive RF power amplifier plate-voltage-
swing occurs, the Automatic Drive Controi (ADC) will reduce the gain of the
third IF amplifier (Q4). ADC voltage is developed by rectifying a portion of the
amplifier plate signai. If excessive .ower ampilifier plate current flows, the
Transmiiter Gain Control (TGC; wiil also reduce the gain of the third IF ampli-
fier. These feedback steps are taken to insure that the power amplifier will
have a linear output.

The output of the IF translator is sent to the RF translator module where it is
transiated into the selected operating frequency. This is accomplished by com-
bining the IF signal with the signal of three oscillators.

The output of the RF translator is fed to the RF amplifier and then to the driver.

The signal output is fed to the power amplifier module where it is amplified to
400 watts, PEP in SSB mode, or 125 watts of carrier power in the AM mode.
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The power amplifier has an output network which is automatically tuned as new
operating frequencies are selected. A band switch motor, controlled by the

1 MHz bandchange mechanism of the RF translator, provides coarse tining by
switching LC elements. These elements are switches in eight steps, or tands,
to encompass the frequency range of the gystem.
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A servo loop, composed of a phase discriminator, a servo amplifier, and an A-C
motor, provides fine tuning. The discriminator compares the phase of the RF
current in the tuned network to the phase of the PA grid signal voltage and pro-
duces a D-C error signal. This error signal is applied to the Electronic Control
Amplifier (ECA), converted to an A-C signal, amplified, and applied to an A-C
motor. The motor drives a variable inductor, fine tuning the power amplifier
output network. This provides resonance in the output of the power amplifier.
The output network couples the signal from the power amplifier to the antenna,
providing a 1000-ohm load for the power amplifier. The antenna coupler matches
the input impedance of the antenna (which varies with frequency) to the output
impedance of the transmitter.

RECEIVING

The received signal is coupled from the antenna to the same RF amplifier used in
the transmit mode. The output is applied to the receive mixers. The tuned cir-
cuits of the receive mixers are the same circuits that tune the transmit mixers,
and the injection signals come from the same oscillators used in the transmit
mode, however, the process is now reversed. The RF translator takes a re-
ceived RF signal and translates it to a 500 KHz IF signal. The input frequency

of the receive mixers is the same as the transmit mixer output frequency. Each
succeeding™mixer therefore produces a new frequency until a 500 KHz IF signal
is developed at the receive IF mixer output.

The IF signal is fed to both the IF translator module A3 (SSB IF), and the AM/
audio module A9 (AMIF). -

In SSB mode, the IF signal is injected into the same IF circuits used in trans-
mitting. The ALC and balanced modulator circuits are not used. ‘

VRF TRANSLATOR MODULE "7 AM. AUDIOC MODULE
—d

i
|
[
RF 7-30 MHz e B RHZL L _J -
AMPLS M FiL- ampLs|PIOETECTH I
i 5 | ‘TER i AM 1T 1
L! * O 43 e jo RV i o Y el | | 1aUD10
| |[AMPLS
RCVr—(\O- : 3 KHz . Proo | [*°°)
HF 9 FiL- TECT
M I XER : TER AMPLS ETECT. I l
+ ] INTERPHONE
FROM FROM FROM ||t TRANSLATOR 500 KHz | sYsSTem
| FROM RF 0SC |
HF osc__ 17.5 Mz osc  vFO | _moowte _ T Pt

iIF TRANSLATOR MODULE
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The IF output is fed to a product detector, where a 500 KHz signal from the RF
oscillator is mixed with the IF signal (injecting a carrier). The detector pro-

duces a difference frequency, which is the audio signal. This signal is supplied
to the AM/audio module where it is amplified and sent to the interphone system.

In the AM mode, the IF signal developed by the RF translator is applied to the
AMIF strip in the AM/audio module. The signal is then coupled to a mechanical
filter. The filter has a bandpass of 6 KHz to pass both upper and lower sidebands.
The filter output is amplified by three IF amplifiers. The signal is then applied
to a diode detector, amplified, and coupled to the interphone system.

FREQUENCY GENERATION

Generating the selected operating frequency is accomplished by heterodyning
signals from four oscillators. '

The RF oscillator, located in the RF oscillator module, generates a constant
frequency, 3 MHz signal, which is reduced to 500 KHz by regenerative dividers.
This is the first signal in the frequency generating process.

The 17.5 MHz osc;illator in the RF translator module also genérates only one
signal, 17.5 MHz and is used at operating frequencies below 7 MHz.

The two remaining oscillators, also located in the RF translator module, are -
variable frequency oscillatorg. The HF oscillator varies [rom 3.5 through 13
MHz in 500 KHz steps, and is tuned by a band switch motor controlied from the

1 MHz frequency control knob on the control panel. The Variable-Frequency
Oscillator (VFO) varies from 3500 through 2501 in I KHz steps and is tuned by the
autopositioner whicn is supplied tuning information by the 102 Kz, 0 ¥Hz, and

! KHz frequency control knobs on the ccrtroi panel,

When an operating frequency of 5. 000 MEz is selected on the conixol pazn=i, ne
following signals are generated. A 500 KHz signal from the RF csciiator module
is modulated in the IF translator module. From the IF translator, th: mocdulated
500 KHz signal is sent t¢ the RF translatcr rmodule where it is mixed with the
VFO output in the IF mixer. The VFO output in this case is 3.5 NiHz (the VFO
frequency = 3500 KHz ~ last three digits in coatrcl panel window, 3.5 MHz - . xxx).
The mixer output s therefore the difference frequency (3.5 MHz minus 0.5 MHE=z
equals 3 MHz). Since the selected operating frequency is below 7 MHz, the out-
put of the low frequency mixer is applied to the 17.5 MHz mixer. The signal is
mixed with the output of the 17.5 MHz oscillator. The difference frequency, 17.5
MHz minus 3 MHz, equals 14.5 MHz. This signal is applied to the HF mixer.

In the HF mixer, the 14.5 MHz is mixed with the output of the HF oscillator. With
a control panel frequency setting of 5 MHz the output of the HF oscillator is 9.5
MHz. Combining 9.5 MHz with 14.5 MHz results in a 5 MHz signal, completing
the frequency generating process. The selected operating frequency is then

i
.
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generated and is ready to be amplified by RF amplifier, driver, and power amp-
lifier and radiated by the antenna. When the control panel MHz knob setting is 7 or
above,the HF oscillator output is 3 MHz plus the MHz knob setting. When the setting

is 6 or less,the setting must be subtracted from 14.5 MHz to find the oscillator out-
put.

MECHANICAL TUNING

The MHz frequency selector on the control panel controls a band switch motor in
the RT translator. This motor, with the associated ganged switches, changes the
LC tuning elements which coarse tune the HF oscillator, mixer, RF amplifier,
and driver stages.

The autopositioner (an automatic electrical positioning device) tunes the VFO by
mechanically driving a variable inductor in the VFO tank circuit. The mechani-
cal action of the autopositioner also tunes a 2-3 MHz variable IF strip in the out-
put circuit of the IF mixer. Fine tuning for the RF amplifier and driver stages
is also provided as the autopositioner varies reactive elements in the tuned cir-
cuits of these stages.

An electrical control system is part of each autopositioner. This control consists
of 100 KHz, 10 KHz, and 1 KHz control switches in the control panel, and electri-
cally similar seeking switches that are driven by the autopositioner shaft in the

RF translator module. The control system is the open circuit seeking type. When-
ever the control switches and seeking switches are not set to the same electrical
position, the autopositioner is energized and drives.

voL. vi D 4=-17



. VFO ouTPuT=3.5 MHz - B

. VIF=3.0 Mz - B

N

NN
7,1

FREQUENCY RULES

e

.3\“

. A12 BAND PASS FILTER SIGNAL=14.5 MHz + B (NOT USED WHEN A 1S 7 OR ABOVE)
. HF OSCILLATOR ouTPUT= A + 3 MHz (wHEN A 1s 7 OR ABOVE)

. HF 0SCILLATOR outPuT = 14.5 MHz - A (WHEN A 1S 6 OR BELOW)

= A+ 3 MHz

. HF OSCILLATOR INPUT= ————— (WwHEN A IS 14 OR ABOVE. O HERWISE

2
INPUT AND OQUTPUT FREQUENCIES ARE EQUAL)

1 KHzZ SPECTRUM FREQUENCY LAST DIGIT=D (THIS ANSWER MUST BE IN THE RANGE
, oF 546-555 KHz)
DIGIT OSCILLATOR OUTPUT LAST DIGIT=D (THIS ANSWER MUST BE IN THE RANGE
oF 296-305 KHz)

. A4 KEYED OSC!LLATCR SPECTRUM CENTER FREQUENCY= 4.05 MHz - C

or (4.05 MHz - C) -0.01 MHz wHeEN D :s 6 cr ABsove

A4 1ST MIXER OUTPUT SPECTRUM ZZINTZR FRIQUENCY = 0.55 MH:z + Z OR
(0.55 MHz - 0.01 MHz) + D WwHEN D .5 6 OR ABOVE

A4 2ND MIXER OUTPUT SPECTRUM CENTER FREQUENCY = O3.250 MHz (w<en D 15 S
OR BELOW) OR 260 MHz -0.01 wHEN D 1S 6 OR ABOVE

. A4 2ND MIXER OUTPUT SPECTRUM CENTER FREQUENCY = 0.250 MHz (wHeN D 1s 5

OR BELOW) oR 260 MHz -0.01 WHEN D 1S 6 OR ABOVE

FREQUENCY SCHEME
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AUTOPOSITIONER CYCLE OF OPERATION

When the frequency selector switch is changed, a ground for the relay is provided
by the control system. Energizing the relay l:‘ts the pawl out of the stopwheel
notch and closes the ground circuit of the motor. The motor drives the autopo-
gitioner shaft and seeking switches. When the seeking switches reach a point
corresponding to the new position of the frequency selector switch, the relay cir-
cuit is opened and the pawl drops into a stopwheel notch, stopping shaft rotation.
The motor circuit opens and the motor coasts to a stop, dissipating kinetic energy
in the slip clutch.

The output shaft of the autopositioner is mechanically coupled to a variabie induc-
tor in the tuned circuit of the VFO. Ten turns of the output shaft tunes the VFO
through the 1 MHz frequency range 2501 to 3500 KHz.

There are three seeking switches in the autopositioner system: the 100 KHz, 10
KHz, and 1 KHz seeking switches. For the selected VFO frequency to be set up,
all three seeking switches must be properly positioned. Since eacn of the three
switches has ten positions, there are 1000 possible switch combinations, or
shaft positions.

... CONTROL WIRES
TO CONTROL PANEL

STOP WwHEEL

TUNING - (Z

INPEN CHRCULT

SEZIKING SwlTIm = H
MIT IR - SRR i
CCNTRZL™ .
CCNTACTs!’J |
°
)
27.8v ¢
SIMPLIFIED AUTOPOS!I TIiIiCNER SYSTEM

The 100 KHz seeking switch is geared to the output shaft of the autopositioner so
that it is moved one positicn for each rotation (100 KHz) of the output shatt. The
10 KHz seeking switch anc stopwheel are coupled to the output shaft. The stop-
wheel has ten notches, making each notch position 10 KHz apart in frequency. The
100 KHz and 10 KHz seeking switches are both driven by the same motor.
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The 1 KHz seeking switch is driven by a separate motor. This motor also drives
a gear and cam arrangement which turns the output shaft to ten intermediate
positions between each notch on the stopwheel. Each of the ten positions is a 1
KHz step. These ten positions, together with the 100 notch positions furnished
by the ten rotations of stop wheel, give the required 1000 positions.

The autopositioner mechanically tunes the VFO to within 2 KHz of the selected
operating frequency. In addition, precision resistive dividers which are ganged
to the seeking switches in the autopositioner submodule furnish voltage infor-
mation to the KHz frequency stabilizer module. Within this module, stabilizing
circuits will phase lock the VFO at the correct 1 KHz frequency point.

FREQUENCY STABILIZATION

The extremely high frequency stability required by the transceiver is obtained by
using a crystal-controlled master oscillator in the RF oscillator module. This
master oscillator is used to stabilize all other oscillators in the frequency gen-
erating process.

The-oscillators in the RF translator module, which are used to develop operating
frequencies, are phase-locked to the master oscillator. This is accomplished by
the KHz frequency stabilizer and the MHz frequency stabilizer. The KHz frequency
stabilizer locks the VFO to the master oscillator. The 17.5 MHz oscillator and

the HF oscillator are controlled by the MHz frequency stabilizer, again phase-
locking to the master oscillator which is the frequency standard cf the system.

The operating frequency is therefore as stable as the crystal oscillator, which is
accurate to within 0.8 part per million per month. ‘

p f SExERN 1 !
ToMP =COMP ? H woClXED .VE‘4|TTER LOCXED
C CRYSTal 3MHz | 3SCILLATOR | S500KHz S50CKHZz; osciLLATOR
| CRYSTAL a2 3 . "] FOLLOWER +— @ 777 [~
! JSCILLATOR +6 o7 el
' G1. 62,03 ! 34 1 o8
: 100 KHzy
i 0
i 1SOLATION p—T— ISOLATION T ISOLATION
O MEGANERTZ
! o) 3
| amPL 06 B amPL Q5 FREQUENCY awpL Q@
»STABILIZER MODULE
SCOKHz
# TO IF TRANSLATOR —®TO FREQUENCY
500 KHz2 MODULE . DIVIDER

MOOULE

RF OSCILLATOR MODULE (A2)
BLOCK DIAGRAM
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RF OSCILLATOR MODULE

The master oscillator is a 3 MHz crystal controlled oscillator. The 3 MHz
output of the master oscillator is applied to a 500 KHz locked oscillator.
Output of the 500 KHz locked oscillator is applied to two 500 KHz isolation
amplifiers and through an emitter follower to a 100 KHz locked oscillator.

An output is taken from the first 500 KHz amplifier for use by the megahertz
frequeney stabilizer module. Output of the second 500 KHz amplifier is routed
to the IF translator module. The output of the 100 KHz locked oscillator is
amplified and applied to the frequency divide module.

FREQUENCY DIVIDE MODULE

This module transforms the 100 KHz sine wave input into a 10 KHz pulse and a
1 KHz spectrum centered at 550 KHz. These signals are used in the kilohertz
frequency stabilizer module to phase lock the VFO to a signal developed from
the RF oscillator.

The 10 KHz pulse is developed as follows: The 100 KHz input is reduced to
50 KHz by a lccked oscillator. A second locked oscillator divides the 50 XHz
by five to produce a 10 KHz output. A portion of this 10 KHz sine wave is
differentiated to produce a 10 KHz pulse. This pulse is used to trigger a
blocking oscillator whose output provides the 10 KHz pulse which is coupled
to the KHz frequency stabilizer.

100KHz 10KH4z PRF +
LOCKED ‘ =0 LOCKED 10 LOCKED 8LOCK ING
csc +2 %Hz osc =5 [ Khz = osc =2 B os¢
r——————— !
i 10 KHz|PRF
To KHz
5 KHz ] J1 FREQUENCY
1 KHz —#=STABILIZER
SPECTRUM|
| sa 5 KHz | Juncrion 1 KH T |
UARING ] z.| JuncTiON | KEYED OScC
I e Kl e M e W
_l ) ] -
4
550KHz
1 KHZ TONE TO AM 4#—— 1KHz
17/AUDIO MODULE J3 SPECTRUM
FREQUENCY DIVIDE MODULE (A1)
SIMPLIFIED BLOCK DI AGRAM
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The remaining 10 KHz sine wave is reduced to 5 KHz by a divide-by~two locked
oscillator. This 5 KHz is converted to a square wave in a saturated amplifier.
The square wave is used as the input signal to a unijunction transistor divide-
by-five stage, producing a 1 KHz pulse. The | KHz pulse is used to trigger

a monostable multivibrator. The multivibrator output keys an oscillator on
and off at 1 KHz rate. The frequency of the oscillator is 550 KHz. The
oscillator output is therefore a 1 KHz spectrum-centered at 550 KHz. This
spectrum is sent to the kilohertz frequency stabilizer module along with the

10 KHz pulse to be used in stabilizing the RF translator VFO.

The“VFO frequency is varied in 1 KHz steps. To keep the VFO frequency as
stable as the RF oscillator frequency, it is necessary to reduce the RF
oscillator cutput to a 1 KHz spectrum so that the two signals can be phase-locked.

A spectrum of frequencies is simply many frequencies spaced at equal intervals
over a frequency range. A short rectangular wave with a repetition rate of 1
KHz for example, is composed of a series of sine waves (harmonics) with fre-
quencies, each spaced exactly ! KHz apart, of 2 KHz, 3 KHz, 4 KHz, 5 KHz, etc.
The amplitude of these harmonics (spectrum points) decreases as the frequencies
get farther away from the fundamental.

In some insStances, it is desirable to use spectrum points that are so far from
the fundamental that their amplitude is too small to be useful. Suppose the

1 KHz spectrum points around 550 KHz (550th harmonic) were needed. It is
possible to increase the amplitude of the spectrum points around 550 KHz by
using a rectangular 1| KHz pulse to key a free-running osciliator tuned o
oscillate at approximately 550 KHz. It is not necessary for the free-running
frequency of the keyed oscillator to he exactly £50 KHz. The 330th harmonric
of the 1| KHz rectangular wave will force the osciilater to lock exactiy at 350
KHz. The free-running osciilator frequency cces nct appear in the srectrum.
It merely determines the frequency anout which the amplitide =

points wiil be greatest. The amplitudge of the spactrum solnls Zecvensss

farther from 350 KHz.

It is important to remember that each spectrur: ‘requency (or harmonic; is as
s:able ang exact as the original | KHz boeving fregency whicn iz dereinped
from the RT osciliator. The frequeacy of the EI csclilator would have to vary
by 3 KHz to produce a | Hz change in the 1 KHz keving pulse, which shows that
the RF oscillator is the determining factor in the stabiiity of the selected
operating frequency.

KILOHERTZ FREQUENCY STABILIZER MODULE
A voltage-sensitive capacitor in the tuned circuit of the VFO fine tunes the VFO

according to the D-C tuning voltage developed by the kilohertz frequency
stabilizer frequency and phase discriminators.
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The inputs to the phase discriminator are two 250 KHz IF signals. One is the
VFO frequency that has been heterodyned to 250 KHz (signal IF). The other is

the RF oscillator frequency that has been heterodyned to 250 KHz (reference IF).

546-555 KHz 250 KHz 250 KHz

. 250 KHz S IGNAL
VFO INPUT O » FIRST —L Secowno — FILTER |- o oo
_ MIXER MIXER 8 KHz BW ]
2501-3500 KHz Z
3050-4050 KHz—1 A __295-305 KHz ‘J
. KEYED DIGIT
10 KHz o— 1“0::(:‘: —> sc osc
PULSE FROM ::2 P::\ss; i
FREQ -—MODULE . c
o—10 KHz anp 100 3
KHz DC CONT FROM —296-305 KHz
1 KHz oc o—AUTQPO3ITIONER 250 KHz 250 KHz
CONT FROM
AUTOPOS I T | ONER REF ‘ 250 KHz I REF IF
o—1 KHz SPECTRUM—B oo [ FILTER b L ¢
FROM FREQ — 0.8KH2z BW

MODULE

DC CONTROL TO VFO #4—

KXHz FREQUENCY STABILIZER MODULE (A4)
SIMPLIFIED BLOCK DI AGRAM

The phase discriminator output is a D-C error signal. This error signal 'pulls"”

the VFO frequency, by tuning the voitage sensitive tuning capacitors in the VFO
tuned circuits, until the two signals are phase locked.

To develop the 250 KHz signal, the VFO signal is mixed with a spectrum
of frequencies 10 KHz apart which is centered approximately 550 KHz higher in
frequency than the VFQ. As the VFO is varied from 3390 to 250. KHz, the
center of the 10 KHz specirum moves from 4059 to 3050 KHz. This 12 KHz
spectrum is derived from the 10 KHz pulse, Irom the frequency divide miicals,
from which a multivibrator produces a raciangular puise 10 Kev an Czcii.aior,
The free-running frequency oi the keyed oscillater is approximately 539 Kiz
higher than the VFO. The keyed oscillator is tuned by a D-C voltage apvlied
to a voltage-sensitive capacitor. The tuning voltage is varied cv the guio-
positioner as the 10 KHz and 10 KHz frequency coaircl knobs on the control
panel are varied. A regulated D-C voltage is applied to a precision resistance
bridge which serves as the source cof tuning voltage for the keyed oscillater.
Rotary switches, driven by the autopositioner, select different voltage points
on the bridge as the selected operating frequency is varied. 100 D-C voltages
are possible to tune the keyed oscillator to any one of 100 possible operating
frequencies between 3.05 and 4.05 MHz. The operating frequency of the keyed
oscillator can be determined by subtracting the 100 KHz and 10 KHz knob digits
on the control panel from 4.05 MHz. (KO = 4.05 MHz - 0. XX0).
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In the example previously used, when an operating frequency of 5, 000 MHz is

selected on the control panel, the VFO frequency is 3500 KHz and the keyed
oscillator spectrum is centered at 4050 KHz.

Mixing the VFO output and the keyed oscillator signals produces a spectrum
output from the first mixer containing frequencies spaced 10 KHz apart and
centered around 550 KHz. This signal is combined in a second mixer with a
signal from a free-running digit oscillator. The digit oscillator output is

a single frequency which is varied by the 1 KHz frequency control knob on the
control panel.

The digit oscillator is also tuned by a voltage-sensitive capacitor. The tuning
voltage is derived from another precision resistive divider in the autopositioner.

The oscillator generates ten signals which are 1 KHz apart, from 296 to 305 KHz.

The last digit on the control panel always matches the last digit of digit oscillator
frequency within its range. With 5.000 MHz selected on the control panel, the
digit oscillator output frsquency is 300 KHz. The 550 KHz gspectrum from the
first mixer is combined with this signal in the second mixer. The mixer output
is another spectrum of frequencies spaced 10 KHz apart but centered around 250
KHz. This signal is passed through a mechanical filter. The filter has a band
pass of 8 XHz to insure that the 250 KHz spectrum point will be passed, and
spectrum points 10 KHz away will not pass since the filter bandwidth extends

only 4 KHz on each gide of 250 KHz.

Variations of the signal IF frequency result frcm VFO frequency changes.

After amplification by IF amplifiers, the 250 KHz signal is supplied to the
frequency discriminator. The frequency discrimirator output pulls the VFO
signa., bringing the signa. IT frequeacy closer to 250 KHz and within the capture
range of the phase discriminator. The VFO is pulled to witnin = 200 Hz of the
2xact frequsacy by the frzquency cizcrimizaer,

T oaroviia a rslerezce T osignal foT ihe phase disorimminatcrs, the l HiEz
spectrum centared at 550 Kz frem the frequency divide module is mixed with
the dlg oscillator cutput of 300 KHz ir the reference mixer. The mixer output
3ot '(H: spectrum cexterad ground 280 XHz. This signal is passed through a
crystal fliter whica was a sandwidia o v.t LIz, The mixer oulpur frequency of
250 XHz is passed, but spectrum points | XHz away do not pass since the
fil

o)
ter bandwidth extends only 450 Hz on either side of 250 XHz.

The digit osciilator does require stabilization. Any digit oscillator error is
cancelled since the oscillator output is common to both the reference IF and
the signal IF. Howzaver, the digit oscillator must not vary more than 2200
Hertz from its proper frequency for the signal [F to function properly. If these

limits are exceeded, the frequency discriminator will see the error and correct
the VFO erroneously.
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There are now two 250 KHz IF signals to be applied to the phase discriminator.
These signals are the reference IF developed from the RF oscillator signal and
the signal IF developed from the VFO signal. The 250 KHz signal IF is first
applied to the frequency discriminator. If a large frequency error exists, the
D-C error signal developed by the frequency discriminator tunes the VFO,
bringing the signal IF frequency within range of the phase discriminator. The
phase discriminator control voltage overrides the frequency discriminator
control-voltage to phase-lock the VFO to the RF oscillator signal.

The HF oscillator and the 17.5 MHz oscillator also have voltage-sensitive
capacitors in their tuned circuits. The tuning voltage for the capacitors comes
from a diode detector. The signal into-the diode detector is a combination of
three 1 MHz IF signals obtained by mixing the oscillator outputs with a 500 KHz
spectrum. This spectrum is dérived from a 500 KHz signal from the RF
oscillator module. The amplitude of the sum of these three 1| MHz signals is
proportional to the phase error of the oscillator. Since each oscillator has
similar control circuit, stabilization of only the 17.5 MHz oscillator is des-
cribed here.

DEVELOPING THE 500 KHz SPECTRUM. A square wave is developed from the
500 KHz signal from the RF oscillator. A differentiating network produces a
pulse from the square wave. This pulse is used to trigger a spectrum generator.
A ringing circuit in the output of the spectrum generator produces a 500 MHz
spectrum centered at approximately 7 MHz and extending from 500 KHz to 25 MHz
and beyond.

When this spectrum is mixed with the 17.5 MHz oscillator output, the mixer
output will contain a 1 MHz signal derived from the | MHz spectrum frequency
(2nd harmonic) of the input spectrum. Since the spectrum extends from 0.5
to 25 MHz, a second ! MHz IF signal is obtained by mixing the oscillator
frequency (17.5 MHz) with the 16.5 MHz spectrum frequency. The third i MHz
IF results from mixing the oscillator frequency (7.5 MHz) with the 153.5 MHz
spectrum frequency. If the oscillator frequency varies from 17.5 MHz the
frequency of the second and third IF signals change by the same amount.

If, for example, the ogcillator frequency increases by 200 Hz, mixing the
oscillator output with the 16.5 MHz spectrum point will produce an IF signal
of 1.0002 MHz. Mixing the oscillator output with the 18.5 MHz spectrum
point results in an IF signal of 0.9998 MHz.

Combining the first IF signal (1 MHz) with the two developed by mixing will
result in a varying amplitude signal which is somewhat similar to amglitude
modulation. The output of the diode detector will therefore vary, causing the
frequency of the 17.5 MHz oscillator to vary because the detector output tunes
the voltage sensitive capacitor in the oscillator tuned circuit. The oscillator
frequency will tend to swing back and forth above and below its lock-in frequency.
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This action will occur regardless of whether the oscillator frequency increases
or decreases, since spectrum frequencies above and below the oscillator
frequency result in one IF signal increasing in frequency as the other decreases.

17.5 MHz fFROM O——— MIXER }—» 1 MHz DETECTUR}—@—= DC
17.5 MHz osc |F_AMPLS CONTROL TO
“o0 A —TEver ] 17.osscuuz
. DIFFER- DETECTOR .
SPECTRUM (OETECTOR,
KHZz — ’Q‘m’,‘,:_"“—utuﬂnm E““
FROM NETWORK FTEvVEC |
RF 0OSC ‘ LDETECTOR
1 MHz
8.5-16 MHz FROM HF 0SC O——f MIXER - _ .. |9 DETECTOR |[—@——»DC
CONTROL TO

HF 0SC

MEGAHERTZ FREQUENCY STABILIZER MODULE
(A10)SIMPLIFIED BLUCK D1 4GR&M

When the oscillator is on frequency (phase-locked), the three signals are all

1 MHz. The vector sum is therefore a constant-amplitude signal, producing a
steady D-C voltage as the detector output, keeping the oscillator tuning and
frequency constant. However this example is exagerated for simplicity. The

term "phase-locked' implies the oscillator cannot drift even in degrees.

When the 17.5 MHz oscillator is exactly on frequency (phase locked) the three
IF signals are as shown with the mixed signals i80 degrees out of phase.

,ﬁ\‘ Ia) A +Tv

fvo) 2c
P
! !

MIXED SIGNALS
CANCEL

ov

CONSTANT LEVEL
RESULTS FRCM

/
1 MHz=17.5-186.5

1 MHz FROM
1 MHZ FROM SPECTRUM SPECTRUM
i F S 1 GNALS DETECTOR
OUTPUT

When the oscillator drifts a few degrees in one direction the mixed signals
add to the spectrum ! MHz signal causing the detector output to increase,
providing correction to the oscillator. Opposite oscillator drift causes the
composite IF signal to reduce in amplitude reducing the detector output pro-
viding correction to the oscillator.
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A unijunction transistor is placed across the output of the detector. If the
detector output exceeds a certain value (this will occur when the oscillator has
a very large frequency error), the transistor conducts, shorting the detector
output to zero. This permits the detector output to build up again, resulting
in a sawtooth recycle voltage at a frequency of approximately 2 KHz until the

~ oscillator locks in.
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The recycle voltage insures that the oscillator will sweep across its lock=-in
point during periods of oscillator unlock.

ANTENNA TUNING SYSTEM

The antenna coupler and accessory unit form an antenna tuning system to auto-
matically tune the tail-cap-type antenna for each operating frequency. The
tuning system cancels antenna reactance and matches the impedance of the
antenna to the transmitter. The system selects the proper capacitive or in-
ductive reactance necessary to cancel the capacitive or inductive reacdtance of
the antenna. This changes (tunes) the electrical length of the antenna until

it appears resistive. When the reactive components have been cancelled, the
system then matches (loads) the antenna impedance to the output impedance of
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the transmitter. When system No. l is keyed, a ground is applied to the coil

of a keying relay in the coupler accessory unit No. 1. The relay coil is supplied
28-volt, D-C power through contacts of the deenergized interlock relay in
coupler accessory unit No. 2. Contacts of the keying relay supply 28-volt,

D-C power to transmit relay No. Il in the lightning arrestor unit. The transmit
relay contacts connect the transmitter RF signal from system No. 1 to the
antenna. The relay also completes the coil circuit of the interlock relay in the
antenna accessory unit No. 1. Contacts of the interlock relay open the key line
of system No. 2 to prevent simultaneous keying of the systems.

The interlock relay contacts also open the coil circuits of the No. 1 and No. 2
receive relays in the lightning arrestor relay unit. The receive relays dis-
connect the antenna from the receivers and ground both receiver inputs. This
prevents the high-level transmitter RF energy from entering the receiver
circuits. When the key line ground is removed, the relays of accessory unit

No. | deenergize and power is applied to the receive relays in the lightning
arrestor relay unit. The relays energize to remove the ground from the
receivers and connect the antenna. This permits simultaneous use of the
receivers. The interlock circuits for system No. 2 operate in a similar manner,
using the relays of accessory unit No. 2.
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