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1. The Radio Set AN/GEC 106 is a HF (898B) receiver-transmitter which operates on any

one of 28,000 selectively tuned channels, spaced at 1 kc/s increments in the 2 to 29.999
Mc/s frequency range. Vernier tuning (i 500 kc/s about any 1 kc/s increment) allows the
recsiver to be tuned to any frequency in the cperating frequency range, ensuring compatibil-
ity with exieting AM and radio-teletype terminsl equipment that do not have the same
accuracy and stability.

2. The radio set 1s used for reception and transmission of upper sideband (USE) volce,
UBB compatible AM end OW signals in slmplex operation over & 50 mile range. Conventi
double mideband, AM signale can be received but not transmitted. Frequency shift-keyed
(FEE) and marrow frequency shift-keyed (NSK) signals can be received and transmitted using
the eppropriate radioc teletype terminal equipment and primary power sourcs.

3. The AN/GRG 106 is primarily intended for uee as a mobile radio 1ink (using a whip
antenna), however, it may be used as a fixed mobile statlon using a doublet antenns to
extend the effective range of coperation.

L. The esquipment consiste of three major assembliest
&, Receiver-Transmitter, Redic, ET-662/GRC
b. Amplifier, Radic Freguency, AM=3349/GRC-106
¢. Mounting, MT-3140/GRG-106.

BEIEF ELROTEICAL DESORIPTION

Trunemtiasion

5. B8BBt Voice signals developed in the microphone are applied to the transmitter section
af the RT-662/GRC where they are amplified and modulste the 1.75 Me/s carrier in & balanced
modulator to projuce & double sideband signal with a suppressed carrler, The signal is
filtered to allow only the USB portion (between 300 and 3,500 c/e above the original
carrier)to pass., The USB signal is amplified further and translated, by & triple conversion
process, to the desired BF operating frequency.

[y Thie RF eignal is applied to the power amplifier portiom of the AM-3349/GHC 106
.where the level is raised to LOO W PEP. The signal is then applied to the antenna coupler
which matches either the 15 foot wWhip, or the doublet antenna, to the power amplifier to
eneure efficient transfer of power with linsar operation.

T+ Compatible AM: The voice signals are developed and transmitted in the same manner
as for 888 with one exXception. Before the triple conversion process, the local carrier is
reinserted inteo the Bignal, resulting in an USE BF cutput signel with a reduced carrier,

8. CW: In CW operation each time the key is preesed, a 2 ko/m generator is turned om in
the transmitter, This 2 ke/s signal is used to modulate the local carrier and the resulting
1.75 Mc/s IF signel is filtered and translated in the same manner as for SSB operation., The
tranemitted FF 1s always 2 kc/s above the selected front panel freguency.

9. F8E:; In PSK operation, a coded signal is applied to the RT-662/0RC (transmitter
section) by the teletypewriter terminel equipment. The frequency of the coded signals will
depend on the type of TTY terminal equipment used (MARK and SPFACE frequencles must fall
within the audio passband of 300 ¢/s to 3.5 kefs). The two audio tones produced are proc-
essed and transmitted in the same manner as S8B eignals, The resultant EF ocutput provides
two OW eignals (USB) at the following freguencies:

a., Frequency as selected on the front panel plus MARE freguency.

b. PFreguency as selected on the front panel plus SPAGE freguency.
10, NSE: The NSK coperation is identical to PSE working except that the difference between
the MARE and SPACE fregquencies 15 much less i.e. narrow band, nominally 85 ¢/s. By using
suitable VF Telegraph equipment & greater number of channels are avallable for simultanscus

:operation in the audio pass band (300 ¢/ to 3.5 ke/s) than is poseible in the FPSE cperation.
N8K eignale are transmitted on the upper sideband only.

Tasue 1, 31 Mor 67 Page 5
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114 S8B: The SSB signals appearing at the antenna are applied, via the AM-3349/GRC 106

to_the receiver section of the RT-662/GRC where they ars amplified and convertsd to a

1.75 Mc/s IF by a triple hetrodyne process, The signal is then democdulated by inserting
both it and the 1.75 Me/s ocutput, into a product detector, Tha resultant awdio signals are
then amplified. Two outputse are available, 10 oW and 2W, for monitori ng.

12, Compatible AM1 Compatible AM (USB and carrier) signals are procesassd in the sane
menner as for SSB signals.

13. Conventional Double sideband AM: Conventional double sideband AM signals are
converted to 1.75 Mc/s IF in the same manner as SSB eignals. With the RT-662/GRC tuned to
the exact carrier frequency of the received Bignal, the lower sideband (LSB) portion of the
sigmal is suppressed by a erystal filter. The remalning USB portion is applied to a
product detector along with the 1.75 Mc/s locel carrier to accomplish the necessary demodul-
at:l.?:;. iTh:e resulting auvdio signals are then amplified to & 10 oW and a 2W level for
monitoring,

14, Ci: The CW signale are processed in the same menner as 3S8B signals except that a
frequency of 1,752 Me/s (1 5 Ec/s depending on setting of BFO contrel) is inserted into the
product detection instead of the 1,75 Mc/e local carrier. Thie allows the cperator to
adjust the audio CW ton= or to reduce co-channsl CW interference by nulling cut the
unvwanted signal,

15, FEK and NEE:{ The FOK and NSE signals are procesasd in the same manner as S8B
-8lgnals, The receiver output signals are applied to the radic teletype terminal equipment
where they are convertesd for the teletypewriter printout,

. BRIEF MECHANIOAL DESORIPTION

‘General
16. There sre two methods of mounting the AN/GRC 106.

8, When used in a 1/l ton vehicle ths RT-562/GRC and the AM-3349/0R0-106 are stack
meunted on a MT-31L0/GRC-106,

b. When used in a tracked vehicle the RT-662/BRC and the AM=-3349/GRC-106 are
secured to separate MT-3140/GRC-106 and mounted side by side.

17 The transmit-receiver relay, in the AM-3349/GRC 106, permits the same antenna to be
used for both transmission and recaption.

Beceilver-Tranamitter BT-662/GR0

18, The RT-£62/0RG is a self-contained modular constructed receiver, low level
transmitter, ccnsisting of eleven plug-in modules, six sub-mssemblies, a chassis and a
front panel houeed in s water-proof case,

19. The equipment has a self-contained power supply conelsting of a de to de converter,
and a8 20 V voltage regulator, to produce the required de cperating voltages from the
primary power source (vehicular generating system),

20, All 28,000 incremental cperating frequencles are automatically selectively tuned
by using & digital tuning system. Selection of an cperating frequency is accomplished by
rotating the MC and EC front panel controle until the digite of the selected fregquency are
displeyed in the small windows above the controls, Rotating the MC and 100 EC controls
slsc initiates the generation of & tuning code that is applied to the AM-3349/GRC-106 to
autematically broadband tune to the selected operating band,

dmplifier, Badio Frequenoy, AN 3349/GE0-106

21. The AM-3345/GRC 106 is a self contained, linear, RF, power amplifier comsisting of
eix assemblies, a front penel, chaesis and case, The case containe a de-to-ac inverter for
supplylng the required ac operating voltages for the elsctron tubs filaments and two blower
motors, The front panel includes a de~to-dc converter for supplying the required dc
operating veltages for the tube screens and plates in the transmit mode, The equipment uses
the vehicle supply ae a primary power sourcs,
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22, The amplifier uses an air-to-air heat exchanger assenbly that reguires an internal
blower (with frent-to-rear airflow) to transfer the component heat to the he=at exchanger and
an external blower to transfer exchanger heat to the outside (right to left airflow). The
heat exzchanger, in the top of the case, is connected to the internal assemblies, through the
air duct mounted on the inside rear wall of the case and the air ducts located on the inside

top front of the case.

Front Panala

23. All operating controls, indicators and conmectors, for the AN/GRC 106 are located on
the front panels of the AM-3349/GRC-106 and the RT-662/GRC.

BT-562/3R0
2L, Tahle 1 lists the front panel controls, indicaters, conmectors and their function.
SI0NAL
WETER
= 1= TI @ L
% I iM WANUAL Hm';‘ﬂ\fll:ﬁ - AUDID GAIN
r@ @m !NHFBK PR CONTRTL
¥ et
LO ' RTETE DF?':E!ER BFD
19 0 ol O
R PUSH VEIE e B,
o i
A @ 97 . @ 0] o] @
: ¢, V) (¢
]
O /) Y,
@ | i
§ 1 e i R el
X /. ] x\../f ;@@/ 7=
VO SWITCH WC CONTROLS EC CONTROLE
FIg 1 - RECEIVER-TRANSMITTER, RaDI0 RT-662/GRC, CONTROLS, INDICATORS, AND CONNECTORS
THBLE 1 - RT-B62/GRC CONTROLS, INDICATORS, CONNECTORS AND FUNCTIOM
OONTROL , INDICATOR
CONNEOTOR FUNOTION
NOISE BLAWEER switch In the ON position, & noise blanking circuit i& energised to
reduce receiver desensitization caused by ignition (pulse) nolse
impressed on the EF input eircuits,
MANUAL RF GAIN contrel Varies the sensitivity of the RT-662/GRC receiver circuits.
SIGHAL LEVEL Meter When transmitting, & relstive indication of BF output is
provided. When receiving, a relative indicatiom of the RF
input signal level is provided in dB above the AGC threshold,
SERVICE SELECTOR switch Selects the mode of operation for the RT-662/GRG,
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TaBLE 1 - (conTD)
CONTROL, INDICATOR
" CONNEOTOR FOioTIoN

8witch position Equipment Responsae

OFF: Wo primary power applied.

OVER-ON: 8, Primary power applied.
b. Freguency standard oven assembly is
energised.

STAND BY: a, FPrimary power applied.

b. AN/GRC 106 is initially inoperative,
but ready to operate after a 60 second
delay,

¢. Fregueney standard oven is energised,
d. Initistes 60 second delay in AM/3349/
GRC-106 when the PRIM PWR swltch is ON.

5B NBK: 8., All standby functions repeated.
b. Recelve and transmit switching
controlled by the microphone or handset
rress-to=-talk switch in conjunction with
VOX switch,; or auxillery radio-teletype-
writer terminal equipment.
¢, Provides squelch and VOX capability.
d, Permits USE wvolce transmission and
reception,
e, Permits NSK transmission and receptione
to be made when using the appropriate
aneillary radio teletypewriter terminal
eguipment,

FEK: 2. All standby functlions rep=ated.
b. Recelve and transmit switching contreolled
by encillary radico-teletypewriter terminal
eguipment.
¢. ©Sguelch snd VOX cepability disabled.

d. Permite PSK transmissions and receptions
to be made using the appropriate ancillary
radio-teletypewriter terminal eguipment.

AM: a, All standby functions repeated.
b. EReceive and transmit switching
controlled by the microphone or handset
presg=to=talk switch in conjunction with VOX
switch.
¢, Permits USE volce signels with a re-
inserted carrier (compatible AM) to he
transmitted and received. Conventional DSB
glgnale also, may be received,
d., Provides sgquelch and VOX capability.

Cwe 8. All standby facilities repeated.
b. BFD circuit energieed.
¢. Bxternal modulation cepability disabled.
d. Sguelch and VOX disabled.
e. Energises 2 kc/s generator.
*f, OW transmission is accomplisghed by the
mores key.

KNOTE: The transmitted BF signal 1s 2 ke/s higher than the
indicated fregquency on the front panel.

AUIDIO GAIN control Adjusts the audio output levels from the RT-662/GRC.

BFQ control Varies BFQO circult output frequency.

Foge 8 Isaue 1, 31 Mar 67



ELECTRICAL AND MECHANICAL

TELECOMMUN | CAT | NS
H 172

ENGINEERING INSTRUCTIONS (AUST)

TABLE 1 - (conTh)

CONTROL, INDICATOR
CONNECTOR

FONOTION .

SQUELCH switch

VOX switch

FRE[ VERNIER control

MC controls (2 off)

KEC controle (3 off)

AUDIO CONNRCTORS (2 offr)

FUSE 2 AMP
SPARE
RECEIVER IN CONNECTOR

BINDING FOST

IF IN connector

IF OUT connector

EF DRIVE connector
PA CONTROL connsctor

FEEQ 3TD connector

POWER connector

In the ON position, the squelch circuits are energised,
eliminating recelver background noise in the sbsence of
received slgnals.

Selects the method by which the AN/GRC 106 is keyed when
tranemitting in S8B or compatible AM mode of operation.

8witch position Equipment response

Vox Tranemitter is keyed by voice.

FUSH TO VOX Transmitter keyed by voice when the push-to-
talk switch, on the microphone or handset,
ig depressed,

PUBH TO TALE Transmitter keyed when the push-to-talk

switch, on the microphone or handset, is
depresssd. :

Provides for continuous freguency tuning in the receive mode
of ocperation.

Provides selection of the 10 Mc/s and {1 Me/s digits of the
operating frequency. The display sbove each control indicates
the diglt selected,

Provides selection of the 100 kc/s, 10 ke/s and ke/s digits of
the operating frequency. The display above each control
indicates the digit selected.

Two 10 pin connectors, connected in parallel, used for
connecting the audio accessories (e.g. Handset) to the RT-662/
GRO.

Provides protection for the primary power input line.

Contains a spare 2A fast blow fuse.

Coaxisl connector used for connecting the recsived signsls,
routed through the AM-3349/GRC-106,

Spring loaded binding post used for connecting a long wire
antenna when the RT-662/GRC is used only as a receiver,

Coaxial connector used for connecting an external 1,75 Mc/s IF
during Transmit mode of operation (requires internal Jumpering) .

Ceoaxial connactor used for comnecting the internal third IF
8ignal to external egquirment (receiver oparation only).

Coaxial connector used for conmecting the HF ocutput of the
RT-662/GRC to the RF input of the AM-3349/GRC-106.

Used for comnnecting all contrel function to and from the
AM-3349/6GRC-1 06,

Coaxial comnector used for connecting an external 5 Mc/s
frequency standard or for comnecting the internal 5 ¥c/s
standard to external egquipment,

NOTE; INT-EXT switch in the frequency standard module must he
set at EXT if external standard iz used,

Used for connecting the + 27 Vdec primary power from the vehicle
generating system,
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ANTENMNA TUNING AND
LOADING EHART—-I

@[ 1 = @ s
2 6 I o @
3 7 1
4 8 12
CHAN|FREQ | TUNE | LOAD |ANT TYPE||CHAN |FREG | TUNE |LOAD [ANT TYFE CHAN |[FREQ |[TUNE [LOAD [aNT n'gg
LOGGING ECHART C;
P B |
y _\@} l-PLFrlE!.llDﬂMINIIET
AM-LEASS4R0 108
@ o RONE B, SR TaaTras
|
[1 [1
. ™ T.EST “ETER 89 | 408 9| ETH _Jw I.IIII T8 :
=] ’ DELUHEH D L] 3 L1
*HIGH GRID® i
AHT TUNE HIU'LT D‘HIVE o0 I I & IIJ.I oE8
= =LOW PA®
!/ VOLT CUR
»PRIM POWER
S0 OHM LINE ® voLT uTe
RC C
5% = @
TUNE OPERATE
TR
*+—HV RESET —#= PFﬁanrﬁ FRMERRE
@ P — O 2

Fla 2 - AMPLIFIER, RADIC FREQUENCY aM=-3349/6RE-106, conTroLs,

TABLE 2 - am-33L9/crRc-106 conTROLS,

INDICATORS, ANM COMNFCTORS

INDICATORS, CONNECTORS AND FUNCT IONS

CONTROL, INDICATOR,
CONNEOTOR

FUNOTION

ANT TUNE control

ANT TUNE counter

ANT TUNE meter

ANT LOAD control

JANT LOAD counter

ANT LOAD meter

TEST METER

Used in conjunction with ANT LOAD eontrol to match antenns
to 508 cutput of the final amplifier stage of the AM-3349/
GRC-106 according to the operating frequency.

Frovides an indication of ANT TUNE control pesition,
Initially set by ANT TUNE control to setting indieated on
sntenna tuning snd loading chart or LOGGING CHART according
to desired operating fregquency and type of antenna being
used.

Indicates relative degres of mistuning betwsen antenna und
AM-3349/GR0-106. The unit is correctly tuned when meter
indieation 18 at centre zero,

Used in conjunction with ANT TUNE control to mateh the
antenna to 508 output of the final amplifier, according to
the operating frequency,

Provides an indication of ANT LOAD control
Initially set by ANT LOAD control to settin

position,
g indicated on

antenna tuning and loading chart
to desired frequency end type of

Indicates relative de
AB—}E;L;Q,-"GRGH 06.

indicates centre =zero,

Menitore the parameters selected

gres of mistuning between antenns and
The unit is correctly tunsd when the meter

when the AH-ﬁjthbRﬂ+106_ia keyed in an operating mode,

or LOGGING CHART according
antenna in use,

by the TEST METER switch

Page 10
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TaBLE 2 = (comTD)

OONTROL, INDICATOR,
CONNECTOR

FONCT ION

TEST METER switch

HV RESET switch

FRIM PWR switch

Antenna tuning anﬁ loading
chart

Selecte the psrameters to be monitored by TEST METER.

Switch position Equipment responses

PRIM VOLT Primary voltage supply by wehicle
generating system,

LOow VoLT Output voltage for low-voltage powsr
supply.

HIGH VOLT Output voltage from high-voltage
powar supply.

DRIVER CUR Cathode current of driver amplifier
tube.

GRID DRIVE Bignal level at the grid of final
amplifier tubes.

FA CUR Plate current of the final amplifier
tubes.

POWER OUT Power output from AM-3349/GRG-106.

High voltage overload relay is reset when switched from
OPERATE to TUNE.

8witch Position Equipment response

TUNE a, Transmitter is keyed.
b. All modulating capabilities are
removed &nd leocal carrier is inserted
Tor tuning.
¢. Bensitivities of the ANT LOAD and
ANT TUNE meters are increased to
permit matching of antenna to 508
output of the final amplifier,
agcording to the selected operating
frequency.

OFERATE 8. All cirecunits are connected for
transmitting,
b. Eeying of the radic set is
accomplished at the RT-662/GRO,
¢. If tuning is changed in this
posltion, keying will be inhibited,
making it necessary for the HV RESET
gwitch to be turned back to the TUNE
pesition for retuning before keying
the radio seat,

Applies or removes primary voltage when the RT-662/GRC
front panel SERVICE SELECTOR switch is in any position
other then OFF or OVEN ON, Also acts as & low voltage
eircuit breaker. Will sutomatically remove primary power
when over loaded. To reset, switch OFF then ON again.

Liste approximate settings of ANT TUNE and ANT LOAD
counteras for various operating frequencies and type of
antenna. Chart listings vary according to wehicle and typé
of antenna, Ensure that the correct chart for the in-
stallation and type of antenna, is being used,

Iesue 1, 31 Mar 67
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TAaBLE 2 - (conTD)

CONTROL, INDIUATOR,
CONNEQTOR

FOUNGTION

LOGGING CHART

WHIP connector

50 OHM LINE connector
GED binding post

EGVE ANT connector

CONTROL connector

EF DRIVE connector

FRIM FOWER comnector

Used to log the setting ANT TUNE and ANT LOAD counters for
specified frequencies. Frovides gquick reference for future
tuning and enables tuning te be sccomplished without
bresking radic silsnce,

Used for connecting 15 ft whip antenna.
Used for comneecting doublet antennsa.
Used for connecting AN/GRC 106 earth to vehicle.

Used for connscting antenna to the RT-562/GRC receiver when
the AN/GREC 106 ie operating in the receive mode.

Used for connecting centrel functions to and from the
RT-662/0RC,

Used for connecting EF cutput from the RT-662/0RC to HF
input of AM-33L5/GRC 406.

Used for connecting + 27 Vdc from the vehicle generating
eystem,

GENERAL DESCRIPTION
RT-662/GRC
TRANSMIT (Fig 3)

25, During transmit, the avdieo input from the microphcne, handset or radie teletype-
writer terminal eguipment is applied to the asudio portion of the transmitter IF and sudio
module 1AB., In 58B, compatible AM, NSE or PSK operation, the audic input signals are
regulated to a constant amplitude and applied to a series of aundio amplifiers. In CW
operation, a 2 kec/s signal is developed from the 1 kc/s pulsed input, from frequency
dividers module 1A6, each time the key is closed, and applied to the same audio agmplifiers,
This 2 kc/s silgnal is keyed to provide the transmitted intelligence in CW operation. This
pertion of transmitter IF and audioc module, {45, also provides the VOX ewitching and
performe the primary keying function. i

26, The smplified audio cutput from the #udic portion of 145 is applied to the bzlonced
modulator in receiver IF module 147, The 1.75 Mc/s output from freguency dividers module
1A6 is applied to the balanced meodulator. Mixing these two inputs in the balanced

modulator produces & modulated 1

.75 Me/s DSB, suppressed carrier IF output. This output

paBses through & crystal filter, which removes the lower sideband, establishes the
bandwidth of the upper sideband, and further attenuates the carrier,

27 The 1.75 Mc/s USE IF output from the crystal filter, in receiver IF module 147, i=

applied to the IF portion of 1A5.
all modes of operation,

Thie output 1s alsc applied to the receive IF circuits in

(During CW transmission, the receiver IF circuit is switched on to

allow monltoring of the 2 ke/s tone). This portion of 1A5 provides the necessary IF
amplification stages which are controlled by level control signals (dc voltage) developed
from either the Power Amplifier AM-3349/8RC-106 or from internsl automatic level control
(ALC) assembly 1A1A5 in the RT-662, The internal ALC signal is used only when the AM-3345/

GEC-106 is not used.

28, In compatible AM operation, the 1.75 Mc/s local carrier is re-inserted into the
slgnal path in this portion of 1A5. The level of this signal is controlled by the average

power control (APC) signal

Page 12
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29, The amplified 1,75 Me/e IF output from the IF portion of 1A5 is applied to a low
frequeney (18t) mixer in the translator module, 1A8, The function of 4A8 is to convert the
1.7% Mo/ IF elgnal into the selected operating frequency. This is accomplished through a
series of mixing processes. In the LF mixer, the 1.75 Mc/s IF is subtractively mixed with
the 4.551 to L.650 Me/s injection signel from the 10 ke/s and 1 ke/e synthesizer module,
1Ali, to produce a 2.8 to 2.9 Mc/s second IF signal, This signal is applied to a medium
frequency (2nd) mixer and subtractively mixed with the HI (32,4 to 33.3 Me/s) or 1O (22.4 to
23.3 Mc/s) injection from the 100 ke/s synthesizer module, 1A2. This mixing produces a
third IF between 19.5 and 20.5 Me/s (LO) or b= tween 29,5 and 30.5 Me/s {H(I;aé The use of
either high or low injection is determined by the settings of the RT-662 front panel

1 Me/s and 10 Mc/s (MC) controls. The HI/LO control signal from the Me/s synthesizer
module, 1A9, controls the selection of appropriate filters, The HI or LO third IF signal
is applied to a high fregquency (3rd) mixer and is mixed with the 2.5 to 23.5 Mo/s injection
signal from 1A9.

30, The RF output products from {1A8 are applied to RF amplifier moduls 4412, This
module conslets of two electron tube stages of amplification with highly selective tuned
input and output circuits. A irensformer and a portion of the capaecitance reguired by
these tuned circuits are contained on & motor-driven turret that ie activated by the front
penel MG controls. Disce holding fixed capacitors that supply the remaining capacitance
reguired in the tuned input and output eircuits, at a given freguency, are mechaniecally
positioned by the digital 100 ke/s and 10 ke/s ZEG} controls, The highly selective tuned
input and output circuits attenuste all harmonic outputs from tranelator moduls, 1AB, except
the one that represents the exact asetting of the MG and KO controls. This RF signdl is
amplified to & nominal 0,1 W peak-envelope-power (PEP) output and applied directly through
internal ALC assembly 1A4A5 to the BF DRIVE co-axisl socket on the front panel RT-662 for
coupling to the Power Amplifier AM-3345/0RC 106,

3. The generation of the mixing freguencies is sccomplished in Tfregquency standard
module, 1A%, frequency dividers medule, 146, Mc/s synthesizer module, 149, 100 ko/s
synthesizer module, 1A2, and 10 kc/s and 1 ko/s synthesizer module, 1AL, The function of
1A3 is to produee an accurate and stable 5 Me/s reference freguency upon which all other
frequencies are based. 1A3 produces four cutputs: 500 ke/s, 1 Me/s, 5 Mc/s and 10 Mc/s.
The 500 ke/s cutput is applied to 1A6, which uses it to develop four outputs: 1.75 Mc/s for
modulation in all modes and local carrier in compatible AM, a {1 ke/s puleed output for use
in 1AS and 1AL, a 2,48 to 2.57 Mc/s (10 ke/s) spectrum, for use in 14l;, and & 15.% to 16.2
Me/s (100 kcfﬂj spectrum for use in 142, The 1Mc/s signal from 1A3 is applied to 1AS to
lock its output at the reguired frequency. The 5 Me/s output is available at the front
penel for reference or external uee. The 10 Mo/s output is applied to 142.

32, 1AL produces two cutputs: L.55{ to 4.650 Mc/s mixing freguency (output determinsd
by the 10 kc/s and 1 kc/s (KC) controls), for use in 1A8, and a 7.1 Me/s output for use in
1A2. In 142, the 7.1 Mc/s signsl, the 10 Mc/e output from 1A3 and the 100 kc/s spectrum
frem 1A6 are mixed with the output from an oscillator, the frequency of which is determined
by the setting of the 100 ke/s ch} contrel, This mixing preduces two bands of freguenciss
for use in the translator module 1A8, The selection of the high or low band is determined
by the HI/LO signsl from Me¢/s synthesizer module, 149, This HI/LO signal is also applied to
1AB., 1A9 also produces a band of mixing fregquencies for use in 148,

REOEIVE

55 The received BF signal is applied to BF amplifier medule 14412 and to noise blanker

assembly 1A1A6. The same circuits in module 1412 are used in receive and transmit. The two
tuned amplifier stages raise the level of the incoming RF signal and provide the selectivity
required to reduce adjacent channel interference, incresse image rejection and reduce crose-

modulation. Msnual and automatic contrel of the gain of the amplifier is provided by
receiver IF module {A7.

3. The smplified RF output from HF amplifier module 1412 is applied to translator
module 1A8, where 1t is converted to & 1.75 Mc/s IF signal by means of triple conversicon
rrecess. This conversion process is essentially the same as that described in para 29
except the order is reversed. The input is applied to the HF mixer, then the MF nixer snd
finally the LF mixer (3rd conversien). The mixing frequencies used are developed in the
Mc/s synthesizer module 1A9, 100 kc/s synthesizer module 1A2, and 10 ke/s and 1 ke/s
gynthesizer module 1AL respectively. PFinal mixing results in a 1.75 Mc/s IF composite
signal (vhich contains the modulating intelligence).

35. The 1.75 Mc/s IF composlte signal is applied to a crystal filter in receiver IF
module 1AT7. The filter i1s used to establish the desired 3.2 kc/s bandwidth for the IF
signal, An automatic gain control (AGC) voltage is developed and applied to RF amplifier
medule 1A12. An exact 1.75 Mc/s local carrier from 146 (for product detectiom) or the
variable BFO signal (generated in 1A7) is used to demodulate the 1.75 Mc/s IF composite
signal. (The use of the varisble BFO signal allows the ocperator to vary the tone + 3.5
ke/s during CW cperation). The demodulated audio information is smplified in receiver
audio module 1A10. During CW transmit operation, the sidetons from receive IF module 41A7
ie applied to receiver sudic medule 1410 te allow the operator to monitor the MU Trasteg
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I6. The output from 1A7 is applied to 1A10 through the AUDIO GAIN control, where it is
emplified and applied to the AUDID commectors on the front panel. A sguelch circuit is
provided in 1A10 to distingunish noise from voice during 88B or compatible AM operation,
Module 1410 provides two outputs: 2W for driving a loudspeaker and 10 oW for the headset
or handeat,

37. Frequency generation is accomplished during receive operation in the same manner

es trensmit with the following exceptions: the mixing processes are reversed; the 1.75
Me/s from 1A6 is used for demodulation and the output from 1A4 can be interrupted by pulses
from noise blanker assembly 1A1A6, Assembly 14146 produces a blanking pulse during that
period of time that the received RP signal contains ignition type (puls=) noise. Therefors,
the sudioc ocutput, from the receiver, is turned off for that pericd of time,

FREQUENCY SOREME (Fig 4)

38, Fig 4 illustrates the freguency scheme used to translate any received RF szignal
between 2 and 29.999 Mc/s to & 1.75 M¢/s IF, and conversely, to translate the 1.75 ¥c/s IF
to an HF signal betwsen 2 and 25.999 Mc/s (transmit).

29, The frequency converslon involves translstor moduls 148, the MO and K¢ controls
Mc/s synthesizer module 1AS, 100 ke/s synthesizer module 1AZ and 10 kc/s and 1 ke/s
synthesizer module 1AL, The MC and KC controls select the correct crystals in the respect-
ive synthesizer modules and the HI/LO switching circuits in the correct sequance, The
synthesizer modules inject the correct frequencies into 1A8 which separately mixes the
three injection fregquencies with the incoming signsl to preduce the 1.75 Me/s IF ( receive)
or with the 1.75 Hﬂ}h IF (transmit) to obtain the desired EF.

Lo, As an example, assume that the XC and MC controls are set at 07275 and the unit is
in receive condition. The input to 4148 from RF amplifier module {1412 1s & 7,275 Me/s
signal. The output from 1A9 (injection frequency to the HF mixzer) is 12.5 Me/s and the
HI/LO switching circuite are in the LO condition. The output from the HF mixer is applied
to rilter FL1, which passes the sum of the inputs (19.775 Mo/s). Thie 19,775 Mc/s signal
iz applied to the MF mixer. The MP mixer injection frequency, from 142, is 22,600 Mo/ s,
The output from the MF mixer is spplied to filter FL3, which passes the differsnce betwsen
the 19.775 Me/s and 22,600 Mc/s frequencies, This 2.825 Me/s signal is applied to the LF
mizer, where 1t is subtractively mixed with the L4.575 ¥e/e injection frequency from 14l.
The resulting 1.75 Mc¢/s is the operating IF signal,

1. Since the MC and KC controls provide for the tuning of RF smplifier module {412 and
the injections from the synthesizer modules, sny frequency between 2 and 29.999 Meo/e may be
converted to the 1.75 Mc/s IF. In transmit, the action is reverse, Mixing takes place to
convert the 1,75 Me/s IF to the selected BF output.

FO¥ER SUFFPLIES

L2, The power supply circuits for the Recelver-Transmittep RT-562/GRC are located in
de-to-de converter and regulstor module {1A11. These cireuits are the 20V regulator cireuit

gnd the de-to-de converter circuit, Theirp operation is detailed in the ecireuit description
section of this instruction.

Mogules and Assemblies
b3, The following modules and assemblies, form the Receiver-Transmitter, Radic RT-652/
GRC which are prefixed by the mumeral 1. Amplifier, Radig Frequency AM-3345/GRC-106
asgenbly reference designation are prefixed with the numersl 2,

&. Chassis and front panel assembly 14A1.

b, 100 Ke synthesizer module 4AZ,

. Frequency standard module 143,

d. 10 and 1 kc synthesizer module 1AL,

e, Transmitter IF and audioc medule 1A5.

f. Freguency dividers module 146,

g. Heeelver IF module 1A7.
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h., Translator module 148,

J+» MG synthesizer module {AS.

k, Recelver audic module 1A10,

1. DC-to-DC converter and reguletor module 1A411.
m, EF amplifier moduls 1A12.

PREQUENCY STANDARD MODULE 143 (Fig 1001 and 1002)

L., The Fregquency Standard sub assembly produces an accurate, stable reference
frequency upon which all freguencles within the system are based, Housed in this sub-
assembly is & temperature controlled oven, the crystal oscillator, the frequency divider
and the multiplier circuits, The following output frequencles are produced: 5 Me/s,
10 Me/s, 1 Me/s and 500 Ke/fs, all frequencies being referenced to the 5 Mc/s frequency
standard, The oven ussd in this assembly is precision temperature controlled and is used

o maintain the temperaturs of the crystal and cscillater-buffer amplifier circuitry

fig 1001). A booster heater is used for quick warm up. Thermostets 8 + S2 (lower right
fig 1DG1; apply the full 27 Volts to oven winding R2-LO§ by-passsing transister Q1, after a
fast warm up 51 opens (when oven temperature reaches 78 C) and the dynamic range of the
proportional conmtreol circuitry then meintains the oven temperature, Thermostat 52 opens
the 27V line if the oven temperature exceeds 90 C. The proportional control provides
extremely precise temperature control withgut thermostat switching. The oven 1g maintained
at a fixed temperature of approximately 85 € with a maximum variation of + 0.05 C due to
ambient temperature changes and variation in supply voltage. B8ince the temperature
coefficient of the crystalgis i 0.2 ppm per degree Centigrade, an ultimate freguency
stabllity of 1 part in 410" is obtained.

L5, The c¢ircuit diagram of the proportional control oven circult is shown in the lower
gection of fig 1001, A bridge, conelsting of the two halves of transformer primary winding
T{=-A2, & thermistor E3-49 i8 in the feedback loop to amplifiers O, Q2-AZ, The resistor
gnd thermistor have different temperature coefficients but at the operating temperature of
the oven their resistances are equael. When the oven temperature 1s low, the bridge is
mbalanced in such a way that positive feedback occurs, This results in an osclillation of
approximately 17 to 18 kcfﬂ with an output proportional to the amount of feedback. The ac
gignal is detected by Q3-AZ2 and fed to de amplifier Q1 which contrels the amount of current
in the oven windings (emitter resistors R1-30& and R2-40&) thereby permitting a greater
dypnamic range and efficiency than cgn be obtained by heating the oven direetly from ac,

A8 the nominal oven tempepature (85 Q) is reached, the bridge approaches balance reducing
the smount of feedback, If the oven temperature rises above the desired temperature,
neagative feedback occurs and osclllation ceases, In practice, the positive feedback is
Just enough to keep the oscillator power at am amplitude which will compensate for the heat
powar 1BEt in the oven, A maximum power of approx 15 W is available during WRIT up, while
at = 4O°C ambient, the oven draws approx 2W to maintain its temperature at 85°C.

Lb. The oven assembly is encased in an insulated enclosure with sufficient foam
materisl around it to minimize heat loss, The DC amplifier Q1 (oven control) is mounted in
euch & way so0 that ite collector heat disslpation 1s used to supplement the heating power.
Zener diode VE{-AZ maintaine voltage supplied to 1, Q2-A2 collectors at + 18 V. Thermistor
B13-AZ compensates for changes in ambient temperature, Resistor R7-AZ2 {tempurature adjust)
is used for setting up the correct oven temperature, and should only be readjusted when
propar calibration facilities are available, Diods iz gn isclation dicd= betwsen the
detector driver Q3-A2 and DC amplifier Q1 (oven contrnli.

Oaoilllator and Buffer (Fig 1007 - top)

L7. The crystal ¥4 (5.0 Me/8) and the associated cscillator and buffer circuitry are
housed within the temperature-controlled oven structure, thereby providing a fast warm up
pericd and better results under temperature - stabilized conditions., The crystal is
housed in an evacuated glass envelope having dimensions indentiesl te an HGC-6/U holder.
The crystal oscillator uses s grounded base circuilt, the feedback path being between the
gollector and emitter of Qi-A1 via T4, Y1, C5 and CL, Variable capacitor G { Berawdriver

. adjustment &t the top of the plug-in assembly) provides for frequency adjustment during
calibration. This adjustment should only be made after the egquipment has been ewitched on
for 30 minutes and with calibration equipment which has a freguency stability squal to or
better than the frequency standard employed in this equipment. Diodes CR{1, CHZ2-A1 act as
amplitude limiters for oscillationa at the collector of Qi-A1. Zener dlode VR1-A1 maintains
the spplied voltage to the bages of Qi, Q2-A1 at + 7.5V

Page 17
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Transistor Q2-#1 acts as & buffer amplifier leolat the 5 Me/s csclllator from loading
effects by follow up ecircuitry. The accurate 5.0 Me/ss Bignal produced by the oscillator and
amplified by the buffer are fed via transformer T2-A1 to switch B1-A3 in the frequency
stendard module 1A3 (Fig 1002). The oscillator oven and the tempereture control cirouitry
are housed in the same plug in uwnit, whilst the generating circultry for the 10 Me, | Me and
500 ke frequencies is located on the printed circuit bosrde adjacent to the plug-in oven
unit.

Fraguenoy Generation Cliroutitry (Fig 1002)

LA, Switch 81-A3 ieg a screwdriver adjustment accessible through the top of module 4A3
cover and may be set in following poeitioms.

a, JINTEENAL poeltiomn: Feeds the 5.0 Mc/s slgnal from the internal cecillator and
buffer to the frequency multiplier §1-A3, and amplifier Q2-A3 to provide a 5.0 Me/s
slgnel to the sxternal Jack on the front panel (engraved FREQ STD)., This accurate
5.0 Me/s output cen be used to drive another BT 662/GRC should its frequency
standard be faulty, or this ocutput may be used for checking the sccwracy of the Xtal
frequency standard, also as an agourate BF eignal source for testing purposea,

b. EXTERNAL positiomn: Accepte an external 5.0 Mc/s signel. This external signal
then feeds the frequemcy generating circultry to produce the 40 Mec, 41 Me and 500 ke
outputs. (COR1, T3-A3 forms an amplitude limited for the incoming 5.0 Me signal).

L9, The 5.0 Me/s 8i 1l is fed via B1-A3 to the bases of Q1-A3 and Q2-A3. The collector
of @1 18 tuned to 10 Me/s and forms a by 2 multiplier for the incoming 5.0 Mc/s signal,
The 10 Me/s output from T41-A2 is fed vie E1 to E6-A2 in the 100 ke synthesizer module 1A2
(fig 1020). The 10 Mc output at jade J1-A3 is nominally 50 + 15 oV, and the 5 Mc output at
J2-A3% (5 Mc INT/EXT) 425 + 20 nV. The 5.0 Mc signal from amplifier Q2-A3 is fed via T2-A%
to the FREQ 8TD ocutlet socket on the front panel, and alsc to the primary of tuned
transformer T2-A2 and thence to the base of mixer stage Q3-A2., A second frequeney 4 Me/s
(yet to be derived) is applied to the secondary of tuned transformer T2-A2, therefore two
freguencies, 5 Mc/s snd L Me/s, appear at the nom linear mizer @3-A2 whose output will
contain the usual sum and difference products. Transformer T3-A1 in the collector circuit
of the mixer is tuned toc 1 Me. This transformer zlsc serves as the output coumpling devicae.
The 1 Me signal is now applled to multiplier stage Q2-A2 snd 1ts collector output is tuned
to the fourth harmonic of 1 Me i.e. 4 Mc/s, thereby providing the L Me glgnal referred to
previously.

50. Thies is a closed loop circult and if the 5.0 Me signal fails, thers will be no out-
put. The loop galn at the desired fregquency of 1 Me must exceed unity if oscillaticns are
to be sustained in the 'regenerative' divider circuits. Hendom noise ie assumed to start
the initisl cscillations when the cireuit is firet energised., The 1 Me¢ signal developed by
the clossd-loop eaclllatery cireuit has the same accuracy as ths 5.0 Me freguency standard,
upen which the receiver-transmitter system is based., Transistor §@1-A2 is &8 locked 500 ke
escillator triggered by the 1 Mc signal from T3-A2, Q1 18 not forward bissed but relies on
the negative half ¢ycle of the 1 Me signal to start its conduction, the collector of Q1 is
tuned to 500 ke/s thereby synchronizing its output to every second cycle of the mccurate

1 Me Bignal. The 500 ke ocutput derived from this circuit is applied via BES-AZ2 to E2-41 in
the Frequency Divider Module 1A6 (fig 1016) and the 500 kc output level at Ji1-A2 is
noninelly 220 + 30 mV. The 1 Me signal from the regenerative divider is spplied via E7-AZ
to E2-A4 in the MO Synthesizer Module 149 (fig 1018) and the {1 Me output level at J2-AZ is
nominally 550 + 100 mV.

EADIO FREQUENUY AMPLIFIEE 1412 (Fige 1003 to 1006)

B, The EF amplifier functions as a dusl purpose unit. In the RECEIVE mode, signals
from the antenna are amplified before epplication te the translator unit for conversion to
the IF freguency. In the TRANSMIT mode of coperation the REF drive signals are amplifisd
before being applied to the Power Amplifier AM-33L9/GRC 106.

Digital Tuning of the RF Amplifier

B2. Variable selectivity, capable of being directly tuned with a high degres of
precislion is used in the RF emplifier. There are no varisble tuning controls such as panel-
cperated variable capacitore or moving iron slugs. Digital tuning is a technigue reguired
for rapid, simple, and convenlent selectlon and tuning of the receive frequency by mesns of
a set of controls erranged on a one-knob-per-digit basis, Digital tuning, as it ie utilized
by this receiver-transmitter is performed without the need for & digital-to-analog convere—
ion process and, therefore, does not require the usual proportional control system,
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53. The inherent simplicity of the system greatly enhances the overall reliability of
the equipment &8 well as the elegtrical performance. The selective circuite in this
' recelver-transmitter are digitally tuned by varieble cepacity to permit a higher coil Q and
mere uniferm Q over any tuned band, As an amplifier becomes non-linesr when sufficient
voltage is applied to ite input, it is eesential that as much selectivity as possible be
pleced before the first BF amplifier, To accomplish this, exact amounts of flxed capacity
are switched into the tuned ecircuits to provide the tuning in a digital manner.

Bl For any given freguency, the first two knobs on the front panel select a fixed-
tuned megacycle strip by rotation of the megacycle turret. The third knob, representing
the 100 ke digit, as 1t is rotated O through 9, switches fixed capacity into the tuned
cireuita, This is accomplished by rotating & small turret inside the main MC turret (fig
1004). There are ten pairs of these capacitors, decreasing in value of capacitancs, for
the ten 100 ke digit points. In & eimilar manner the 10 ke digit knob switches snother
group of ten ecapacitore to further decresase the capacitance across the megucycle ceoils.
These select the 10 ke tuning points. The 1 ke knob does not operate the RF amplifier,
gince the tuned circuit bandwldths are sufficient to tune 1 k¢ increments,

55. The physical arrangement of the tuned circuits on a meguecyecle strip is termed "3
way stretch". To prevent unwented ecoupling between input, interstage and output tuning,

: thege glrcuits are not placed on the same tuning strip. For example, the 2 Me double tuned
input circuit T1 and T2 (fig 1003 and table 3) is located at the bottom of the A16 MC strip,
the interstage circuit T3 (fig 1006) is in the middle of the AZ3 Mc strip snd the output
circuit T4 (fig 1006) is at the top of A2 Mc strip., The same system is carried out for each
Mc tuning strip. PFor a given input circuit, the interstage tuning is always leocated on a
strip seven units further around the turret in a clockwise direction, and the ocutput tuning
is seven strips further on., This spaces the tuned circuits for any Mc band at the required
distance to effectively prevent unwanted coupling.

56. Table 3 - gives location of the particular tuned circuit in relation to bund setting.
Pig 5 is a simplified diagram showing the basic concept of the digital tuning as used in the
receiver-transmitter., Pig 6 is a simplified circuit showing the arrsngement whereby fixed
ccapaclitors are switched into eirecuit by the 100 ke and 10 ke digital controls,

EF Amplifier, Code Switch Operation

57 The purpose of the motor ccde switching system is to accurately position two turrets,
one of which is the turret in the BF Amplifier sub assembly., This turret positions the
megacycle tuning strips for each of 28 megacycle bsnds, renging frem 2 through 29 megacycles,
The switching scheme places & ground on any one of 28 wires, one for each megacycle, This
action completes the eircuit to & relay which in turn positions its contacts to start a
motor. Connected to the turret and rotated by the motor, is a switch with a noteh, so
positioned that when the notch reaches the proper contact, the ground path to the motor relay
ie again broken. This stops the motor to poeiticn the megacycle tuning strip,

8. Fig 7 shows a portion of the circuitry used to accomplish the turret positioning.
Switch 86, section 3 rear is the megacyele selection awiteh, the second knob from the left
on the front penel., 86, section 3 rear, does the switching for the second and third decades,
that is, 10 through 19 Me and 20 through 29 Mc, The first decade switch, 2 through 9 Mc is
not shown. The switch as shown in fig 7 hae continuity through the wiper to Contact 17
which is the wire for the 10 Mc position. If the switch is moved to the 14 Mec position,

the wiper passes contact 18 and comes te rest on contact 19. As the switch is rotated
further for 12 to 19 Mc, the wiper alwsys passes a contact, coming to rest on the next
contact, The lower wiper will function from 10 through 1L Me, at which time the upper wiper
takes over, connecting to contacts 14, 16, 18, 20 and 22, These contacts conneect to the
wires for 15 through 19 Mc/s. The two wipers alsc serve when the second decade is covered.
This time, wires L4, 6, 8, 10 and 24 are covered by the upper wiper and wires 3y 5, 74 9 &nd
11 are covered by the lower wiper. The first decade switch 2 through 9 Me is not shown but
operates in the same manner,

9. The proper decade is selected by switch 85, rear, This switch hae o second Tunction
ground pulse) which is described later and secounts for the extra wiper contacta., Thia
switch is the 10's of Mc and is the first knob to the left on the front panel. It has thres
positions, 0-1-2., Bwiteh 86, section 3 rear, described above, displays the numerals, O
through 9, thus, the two switches in combinztion can display the megacycle 00 through 29.

00 and 01 are, of course not used. The circuit path through the system for 10 Mc is as
follows. The ound originates at contact 7 on ewitch 86, section 41 rear., Thie ewiteh
rotates with » Bection 3 rear and also has a ground pulse functien, The switch always
stops with a wiper on contact 3. From contact 3 the ground ie applied to contact 6 on the
10'e of megacycles switch, 85 reapr. This switch selescts the proper decade on switch B6.
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59. (Contd)

Contact 2 is for the firet decade, not shown. Contacts 3 and 4 select the sscond and third
decades, respectively and the ground ie applied from contact & to contaet 3. This in turn
connects to wire 15, a wiper contaet on 86, The dlagram showe the switch set for 10 Mc on
contact 17. The ground wire now enters the ceble and appears on contact 10, switeh 89,
front. 8Since B9 - rear, 18 mounted on the back of 5% - front, the holding rivets connect
the two wipere together and the ground also sppears on 89 rear, The contact on 59, rear,
connects the ground to contact 7 on relay, K2, the motor relay, Switch 89 - front, revolving
clockwise with the turret continues to revolve until the notch on its wiper reaches contact
10. At this time the ground path is broken and the motor stops, Thie positions the turret
80 that the 10 Me strip is connected into the EF amplifier circuitry.
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E == FIXED VALVE
-
—1L + = == FIXED VALUE
= =
FIXED
VALUE BOTH CAPACITORS THIS CAPACITOR
ARE CHANGED CHANGED BY
BY IOOKC KNOB 10 KC KNOB
Flg & = SIMPLIFIED cIREUIT - 100 Kc aMn 10 KC CAPACITOR SWITCHING
TABLE 3 = DIGITAL TUMING OF THE RF AMPLIFIER {3 WAY ETHETEH}
FREEQ. MO INFUT INTERSTAGE OUTFIT
2 A16 A23 AZ
3 AT AZL A3
L A48 AZR Al
B A19 A26 A5
& A20 AZT Ab
T A2 A28 AT
a ARZ AZ9 AR
9 AZ3 AZ A9
10 AZl A3 A0
11 A25 Al A1
12 AZE A5 A2
13 A2T AB A3
14 AZB A7 A1l
15 AZ9 A8 A1E
16 A2 A9 A16
17 A3 A10 A17
18 Al A1 A18
13 A5 A2 A19
20 Ab A13 A20
21 AT Al A2
<2 A8 A15 Az2
23 A9 216 AZ3
2l A10 A7 Azl
25 A4 A48 AZS
26 A12 A19 A26
27 A13 AZ0 AZT
28 Al AZ1 A28
29 A5 AZ2 AZ29
Page 21
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60. The action of the complete system is such, that any megacycle from 02 through 29
set up on the first two digit switches on the front panel, causes the turret- in the BF
emplifier to rotate and connect into the tuning circuitry the proper megacyecle tuned
circuits. HNote that, while 00 and ™ ean be set upon the two ewitches, 01 Me iz not used m
a freguency in this eystem., When these poaitions are set up, the receiver remains tuned te
the lsat setting of the fregquency control knobs in the 2 megacycle position. For each of
the 28 megacycle pomitione & second turret switch in the megacycle synthesizer is also
positioned, through a gear system, by the same motor driving the REF amplifier turret, The
purpese of this turret will be taken up in the sectien devoted to the Megacycle 8ynthesizes.
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EF Amplifier Oirouit Description (Figs 1005 and 1006)

61 . The BF Amplifier is a dual purpose unit. It is used in both the receive and the
tranemit mode of operaticn. When a new freguency is set up on the fromt panel by the
digital tuning controls, motor B1 operates to poeition the megacycle turret until the

proper tuning strips sre engaged. Motor BY is energized by relay K2. The coding systen
places a ground on one of 28 wires., A special switch, which rotates with the turret, turns
until it finds this wire, at which time it removes the ground to stop the drive motor. When
K2 energizes to start the drive motor Bi, contacts 6-8 open. This removes 427V from certaln
other circultry which mutes the peceiver-transmitter whenever a turret is moving. Contacts
2-5 gtart the motor and contacts 2-L provide dymamic braking for the motor.

‘Receive Mode

62. The incoming signal enters the EF Amplifier at J1-A3 and is applied to the tuning
transformer 41A12T41 on the megacycle tuning strip selected, Chart G, on the schematic
diagram, shows the component veluess for each megacycle tuning strip. On three of these
stripe & erystal Y1 is connected across T2 to trap ocut certain mixer injection freguencies
when the BF Amplifier is used in the trsnemit mode of operation., Strips A9, A10, and A9
have the above mentioned crystals. These crystals have no purpose in the receive mode of
eperation and cen be ignored. The megacycle tuning strips provide a double tuning arrange-
ment at the input., OCapacitors on printed circuit board assemblies are selected and connect-
ed into the rescnant tuned circuit by the 100 ke and 10 kc knobs on the front panel. These
printed circuit boards, carrying the capacitora, are in the form of stacked turret switch
wafers revolving inside the megacycle turret. Pixed capscitors G3, CLO and C32 are used in
conjunction with the capacitors on A31 and A30 to correctly tume T1 to the desired freguency
When the 100 ke knob and the 10 ke knob are rotated, O through 9, the effective capacitance
is reduced, step by step, to effect digital tuning of the megacycle strips. The 1 kc knob
does not operate in the EF Amplifier. Two capacitore are changed by the 100 ke knob as
shown in fig 1005. Chart B shows the capacitance values for the 4100 ke tuning peints and
Chart A shows the valuss for the 10 ko tuning points., T2 is capacitively tuned in a similap
manner to T1. From the input tuned circuits the elgnal is applied to the grid of 1A12V1 the
firet amplifier tube. A ferrite bead on the grid wire acts as & paraslitic suppreasor. Tubs
V1 is & semi-remote cut off tube whose gain is controlled by an AGC voltage generated in the
receive IF sub assembly. Interstage tuning is accomplished by T3 (fig 1006) in the plate
cireuit of V1. Capacitors on A3L and AZS are changed to provide digital tuning as described
for the input circult.

63, From the interstage tuning the signal is applied to the grid of 1A12VZ2 which is a
bean pentode also under AGC control. The output is tuned by transformer Tl and assccilated
gpacltors. After amplification in this stage, the signal leaves the sub assembly at J1-A1.
he BF cutput circuit, which is deaigned to work inte a 50 ohm impedsnece). +12VDC is
supplied to both screen and plate of each tube and 6.3 VAC 1s used as filament voltage.
Decoupling on the +125VDC line 1s provided by 1A12L1 and 1412029, Several capacitors, C25,
C26, C27 and C28 prevent EF from flowing in the 6,.3AC filament line,

I'ranamlit Moda

el, The operation of the BP Amplifier sub assembly in the transmit mode is exactly the
same as for receive with one exception. The AGC voltage is dissbled and does not control
the gain of the tubea. In the chaseis, relay K3 switchee the input from receive to transmit.
Relay El performs the same function for the output.

TRANSLATOR MODULE 148 (Fige 1007 and 1008)

65. The Translator Sub aseembly, using injection frequencies from the three synthesizers,
converts any frequency, 2 to 29.999 Me, to the IF Trequency of 1.75 Mc. In the transmit

ﬁada the IF frequency of 1.75 Me is converted to any one freguency in the rangs 2 to 29,999
L

I'riple Jonverslon Tronslotor Conoept

66 . The purposs of a translator in a super-heterocdyne receiver ie to convert the incom-
ing BF signel to the IF frequency. At the stable, IF frequency consistent gain and good
selectivity can be obtained if a&ll incoming signale are changed to one common IF frequency.
For the receptlon of eignals in the Z.0 Me to 30 Mc range, it is desirable to make the
frequency change from REF to IF frequency in three distinet steps. This resulte in the best
reduction of image frequencies and spurious responses. In superheterocdyne receivers, whers
g nonlinear element is uesed to get a desired IF freguency signal from the mixing of the EF
frequency and a local oscillator signal, interference from spurious external signals results
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in 2 nunber of undesired frequencies that may fall within the IF freguency band. Froper
selection of the IF frequencies used and the methods of filtering can reduce these spurious
responsEes to a minimum.

67, The translator sub assembly contains the mixer broadband f£ilter combinations used in
conjunction with synthesized injection frequencies to translate any of the 28,000 input
fregquencies to the output Trequency of 41.75 Me, Table | shows the frequency scheme to cover
the range of 2,0 Me to 30 Me, This schene fulrills threes important considerations not found
in most cther arrangements;

a, The mixer cutputs are such that relatively narrow broadband filters can be used,
eliminating the necessity for varisble tuned IF amplifiers,

b. The spurious crossover freguencies created during the mixing process can be
kept to a low amplituds,

¢. The injection or oscillator frequencies into esch mixer ape independently
controlled by the digit knobs on the front renel, thus eliminsting any complicated
differential gearing or their elesectrical eguivalent.

68, In the receive mode, the desired antenna signal is mixed toe ither one of two
bandpass filters., The megacyele column in tabls L indicates the injecticn fraguency which
allows this, Noties that thie frequency is changed each time the megacycle digit is
changed, Conseguently, the passhand of the filters Tollowing this mixer is 1 Mc wide, One
of the two filters is automatically selected when the megacyele knob is tuned, such that
undesired mixer products can be sidesterped as the input freguency varies e tween 2.0 Me
and 30 Me, These arrangements result in very few crossover products, The use of two
filters reduces the number of injection freguencies into the first mixer, The same mixer
frequency can be used two and three times, flso, an alternate injection frequency can be
used whenever the first converaion signel contains s mixing crossover, Seventasn injection
frequencies are used to cover the twenty-eight one megacycle increments betwesan 2.0 Mc and
0 Me,

69, The firet conversion signal is converted to = frequency which will pass through a
bandpass filter having a passband of 100 Kc and passing Bignals between 2.8 and 2.9 Me.

The mixing schemes flow chart, table l4, shows that the injection fregusnciss are arrangsd in
two groupe separated by 10 Me. The frequency selected is automatic and is mwoperly sel scted
to reduce spurious responses to a minimim. If the megacyele mixing calls for the low filter
then the low injection frequencies spe used in the 100 EKe column of the chart, Likewise,
the high column 100 Ke injection frequencies are used when the high filter is used in the
megacycle mixer, The second conversion signal is mixed with injection frequencies which
convert to the 1,75 Me IF frequency. These appear in the lsst colump of the chart, table L.
Only a tuned transformer follows this last mixer as the IF emplifier tuned circuits perforn
the filtering function.

TO,. The freguency scheme chart can be used to determine the three injection freguencies
reguired at the mixers to convert any sntenna eignal betwesen 2.0 Mc and 30 Me, to the

1.75 Me intermediate frequency. It will be noted thst although the sidebands are inverted
in the second mixer, they are inverted ggain in the third mixer such that an upper sideband
signal at the RF amplifier input preduces an upper sideband at the 1.75 Me output of the
translator. Since the translsator is used, without change, in either the receiver or the
transmitter modes, an automatic switching scheme is med to activete only those stages re-
quired to activate the proper filter after the first mixer stage. A switching technigue
using semi-conductors is used, which permits signal path switching wilthout the introduction
of non-linearity usually assoclated with diodes, Basieally the diode is forwarded bizsed to
conduct and reverse biased to inhibit signsl flew. The s8lgnal to be passed actually
modulates the DG current of the conductive diode. The bias current ie made such that the
signal swing iz slight in comparison and thus only & linear portion of the conduectivity
curve is used. BSince the third conversion, trensmit mode, is not followed by a tuned filter,
8 balanced dicde mixer is used in order to keep Inter modulation (IM} distortien products to
e minimum, A1l other mixer stages are transistors. These transistor mixep stages are
properly linearized snd gain stabilized such that they maintein gain egual to the insertion
loss of the following filters.
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TABLE li = FREQUENCY INJECTICMN SCHEME

305
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RECEIVE
RF —y
FREQUEMCY

HF
Wi X

= 5

2=30MC

19-5

M

M

MF

9
8

MC

RECEIVE IF
LE FREQUENCY
MiX Ed 175 MEC

-

I_......._._.l s
100 KC INJECTION _I
MC OBC INJECTION FREQUEMNCIES 0 KC 1KC  INJ,
LOW  HI LOwW HI VFO VFO FREQ.
z |17.5 0| 4.553 | 22.4 | 32.4| 0 |6.590 | 1.940 |L.650
3 | 186.5 1} 4.853 | 22.5 | a3z2.5 b, 641
§ | 15.5 2| 4.750 | 22.6 | 3z.6( 1 |6.580 | 1.941 |L.BkO
5 | 14.5 3| 4.833 | 22.7 | a2.7 k631
8 23.5 | 4 | 4.953 | 22.8 | 32.8] 2 |6.570 | 1.942 |L.630
7T | 12,5 5| 5.053 | 22,9 32.9 ’ L.621
§ | 11.5 6| 5.153 | 23.0 | 33.0( 3 |6.5680 | 1.943 |4.620
] 20.5 | 7] 5.253 | 23.1 | 33.1 L.611
10 19.5 | &8 | 5.353 | 23.2 | 33.2| 4 |6.550 | 1.9hk |&.610
11 B 5 9 | 5.453 | 23.3 | 33.3 k.B0L
12 7.5 . 5 | 6.540 | 1.945 |L4.600
13 16.5 L, 591
14 5.5 6 |6.530 | 1.946 |L.590
15 4.5 4,581
16 3.5 T |6.520 | 1.947 |L.5BO
17 12.5 h.5T1
18 11.5 8 |6.510 | 1.948 |4.570
18 10,5 b.561
20 9.5 9 |6.500 | 1.949 |L.S60
21 8.5 4,551
22 o]
23 3.5
24 5.5
25 4.5
26 3.5
27 7.5
28 4.5
29 8.5
30
/ < 3 e 5 [ ? |8 7 i Fi
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HI-LO Filter Switohing

T1a The output from the first mixer in the receive mode or the third mixer in the
transmit mode is passed through either one of two filters, depending upon the dictates of
the frequency tuning scheme,

Receive Moda

T2. In the translation or conversion rrocesa, the HF signal from the EF amplifier is
mixed with one of 47 crystal oscillator injecticn frequencies. Depending upon the
particular megacycle being received, the filtering process after the firet conversion mixer
requires one of two filters. Since the two fllters differ by 10 me, an avtomatic switching
system is used to select the proper filter., This is sccomplished by four diodes arranged
as input and output gates for the twe filters,

T3, Fig 8 is a simplified schematic showing the diodes and filters., The signal input
is &t point A. The signal must pass through one but not both filters to reach point B, the
elgnal output. Plus 10 VDC is applied to each diode. Diocdss A3ZCR1 and AZCR3 heve +10V on
thelr anodes. When the control line at point C is grounded, the anodes of AICR1 and APCR3
are grounded through windings in the filter and resistors A3RZ2 and AZR10. B8Since there is
+10V on the eathodes of A3ZCR{ and AZ20B3, both dicdes are back bilased and nc silgnal can pass
through the LO BAND filter, The same ground is applied on the cathodes of A3CR3 and A2ZCRS
through the windings in the filter and resistors AFH3 and AZR1q, Thess two diodes have
+10V on their ancdes and will econduct, allowing the incoming signal to enter and leave the
HI BAND filter, A ground on the control line has, therefore, selected the HI BAND filter
and rejected the LO BAND filter,

The When the LO BAND filter is required, as determined by the freguency eslection
scheme, +20V is applied to the control line at polnt €. +20V now appears on the cathodee of
diodes A3ZCRY and AZCRS through resistors AZRS and AZR44 and windings in the filter, BSince
the snedes of these two diocdes have only +10V epplled, they are back biased and block the
signel from pessing through the HI BAND filter. +20V is, at this same time, applied to the
enodes of ASCR1 snd AZCR3 through resistors A3R? and APE10 and windings in the filter,

Since the cathodes have +10V applied and their is now +20V on their ancdes, dicles A3CRY and
A2CR3 are forward biased and conduct, forming a low impedance path inte and ocut of the LO
BAND filter, A3L4 snd AZL3 isolate the eignal path from the +10V power supply. The
awitching voltage of +20VDC or ground at the control point € is obtained from a switeh
syetem in the megacycle synthesizer and depends on the crystal selected in thet subassembly.

Tranemit Mode

?5. The sction, in the transmit mode, is the same as in the receive moda except that the
sipgnal input and output peoints are interchanged.

TRANSLATION ARTTHMETIC

Receive Mode

76, Assume that the incoming RF signal i= 05,324 Me, The following paras show the
actual arithmetic invelved in arder to translate or convert this fregquency to the inter-
mediate freguency of 1.75% Me. The chart with block disagram as shown in Table 4 is ussd,
The first two digits are 05 indicating that the proper erystal is 14.5 Mc ag found in
column 2 opposite 5 Me in the firet column, It is important, at this point, to note that
the 14.5 Me crystal is in the ecoliumn marked MO 0BC INJECTION LOW. This dictates ths use
of the LOW column in the 100 ke digit coenversion, This also indicates that the filter in
use will be the LOW filter 15,5 to 20.5 Me, By addition, 14,500 plue 05.321 equals 19.821Me,
By addition, 14.500 plus 05.321 equals 419,821 Me. This is within the passband of the low
filter and the =ignal will be passed on to the second conversion mixer, The signal path i=s
indicated in the block diagram at the top of the chart,

Incoming RF signal - 05,324
Injection frequency (5me) - + Me
18t Conversion signal - 19,821 Me

The next digit to be considered is the 100 ko digit, 3, in this example, Coluwmn L indicates
the 100 ke digit, Oppesite digit 3, in column 5, = eryetal frequency of L.853 Mc is found.
This freguency is not used directly in the translation process; it merely indicatea the
crystal in use in the 100 ke Synthesizer for digit 3 or 300 ke, It was noted that the
erystal for the megacycle conversion is in the LOW column, therefore, the LOW column ia
used in the 100 ke conversion. In column &, 22.7 Me iz the indicated injection frequency
for digit 3. The firat conversicn signal is subtracted from the 100 ke inJection fregquency.
By subtraction, 19,821 from 22.700 is 2,879 Me or the second conversion signel,
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Injection freguency (digit 3) - 22.700 Me
18t conversion signal - 24 Me
2nd conversion signal - 2.079 Mg

To arrive at the injection frequency for the third conversion it is necessary to compute it
from two sets of crystal frequencies, since the last two digits sre combined and converted
in one step, The two diglits are the 10 ke digit and the 1 kc digit. These two digits in
the exeample are 21, PFor the 10 ke diglt, 2 in column B8, & crystal frequency of 6.570 Mc is
found in column 9. For the 1 ke digit, column 8 is again used and after digit 1 a crystal
freguency of 41.941 Me is found in column 10. The difference of these two eryetal frequ-
encies is equal fto 6.570 minus 1.944 or 4.629 Me. Combining this injeetion freguency with
the asscond conversion signal of 2.879 the difference is 4,529 minus 2,879 or exactly 1.750
Me, the required intermediaste freguency.

Injection fregquency - Lh.629 Me
2nd conversion freguency - =2.879 Me
3rd conversleon freguency - 1.750

If the megacycle frequency is found to require a erystal in the HIGH injection column, then
the HIGH injection column for the second conversion is used, It should be noted that in the
first or megacycle conversion that the: sum signal is not always used. For 22, 23, 27, 28
and 29 Mc the difference signal of the incoming RF frequency minus the injection crystal
freguency is used. OColumn 11 requires some clarifiecation, There are 100 injection
frequencies to cover the digits 00 through 99, Column 41 showe the injection frequency for
0 and 9 each decade. It is weful in checking to see if the computed injection fraquency is
correct, since 1t must fall within the decade limite. For further examples see baldw:—

RECEIVE TRIFLE CONVERSION IN RF TRANSLATOR SUBASSEMBLY

Exam 4
ple Freguency selected = 18.273 Me
18t conversion injection - (18 Me) %éﬁggg Me
18t conversion eignal - . HC ey g—fidd
HI filter

29.5 to 30.5Mc

ot

2nd conversion injection - (digit 2) 22.600 Mo
18t conversion signal - 2 Me
Znd conversion signal - * Me

= Subtract

rilter
2.8 to 2.9 Me

e

FL

3

N —— 3rd conversion injection = Ll-le?T Mc l
T1

2nd conversion signal - 2,827 Me e subtraCh
IF signal - 1. Me
Tuned to
J’ 1.75 Me
070 = 6.520 Ta
003 = subtract
-:—672 577 Mc Rec%-mr
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EECEIVE TRIPLE CONVERSION IN RF TRANSLATOR ASSENBLY

Example 2
Frequency selected - 27.697 Mc
18t conversion injection - 7.500 Mc e gubtract
1et conversion signal - 20.197 Me
LO filter
FL 19,5 to 20.5 Me
1
2nd conversiocn injection = 23,000 Mc
18t conversion signal = 20.1 Mo ' g zubtract
2nd conversion signal - 2. He —
v
FL filter
3 2.8 to 2.9 Mc
—y 3rd conversion injection - L4.553
2nd converslon signal - 2,503 d—— g __cubtract
IF signal - 1.?50—1
Tl Tuned to 1.75 Mec
090 - 6,500
L0077 = subtract subtract
553 Mc o
% Receiver
IF
Tranamit Mode
TP In the transmit mode the translation process ie reversed. Use the same chart shown

in Table L but assume that the block dlagram has the signal path shown in reverse. The data
shown in the varicus columns is exsctly the same, In transmit it is desired to translate or
convert the 1.75 Me IF freguency to any one of 28,000 HF freguencies, Using the same
example, the arithmetic is shown to translate 1.75 Mc to the EF fregueney of 05,321 Me.
8ince the process is reversed, the firet conversion for transmit invelves the last two
digite or 24. Apgain the injection freguency must be computed from columne 9 and 10,

Crystal frequency Edigit 2) - 6.570 Mc
Cryetal fregquency (digit 1) - - Ma
Injection fregquency (21) - 629 Me
Injection fregquency (21) - 4,629 Me
1.750 Mc IF frequency - - Me
1gt conversion signal - 2.079 Me

In working backwards, 1t 1s now known immediately which column, HI or LOW for the {100 ke
digit, should be used., Locking ahead to the megacycle digits it is noted that the erystal
frequency for 05 Me is 14,5 Mc and that this is in the LOW column. Therefore, the 100 ke
diglt conversion will use the injection frequeney found in the LOW column.

Injection fregquency (digit 3) - 22.700 Mc
18t conversion signal - =2,879 Mc
2nd conversion signal - 19,821 Mc
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The injection freguency for 05 Mc (LOW) is found to be 14.5 Me.

Znd conversion signal - 19.821 Me
Injecticn fregquency (5 Ma) - - 0 Mo
3rd conversion signal - 321 Mo

05.321 is the desired transmit RF freguency.
Two more exemples for the transmit mode are as follows:

TRANSMIT TRIFLE CONVERSION IN RF TRANSLATOR SUBASSEMBLY
Example 1

Convert 1.75 Mc to 16,259 Mc

Crystal fregueney (digit 5; 6.540 Me
Crystal freguency (digit 9 Mec subtract
18t conversion injection « D5 MO —
18t conversion injection L5391 Mo s
1.75 Me IF fregquency 1.750 Mo subtract
18t conversion signal soly] Mo e—

v

FL filter

3 2.8 to 2,9 Me
2nd conversion injection 22,600 Me
18t conversion signal 2,801 Mo subtract
Znd conversion signal 19.750 MO m—m

v

FL LOW filter

1 19.5 to 20.5 Me
Znd conversion signal 19.759 Mo
3rd conversion injection E,gDD Me subtract
Jrd conversion signal 1o, Me j

To

EF AMFLIFIER
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TRANSMIT TRIPLE CONVERSION IN RF TRANWSLATOR SUBASSEMBLY

Example 2
Convert 1.75 Mc to 09,630 Me

Crystal frequency sdigit }g 6.560 Me
Crystal freguency (digit O 0 Mc aubtract
18t conversion injection L0020 MO cm—
12t comnversion injection L6200 Mo o
1.75 IF frequency 1 Me subtract
18t conversion signal 2,870 Mo e——
v
FL filter
x 2,8 to 2,9 Me
2nd converslion injection 33.000 Me
18t conversion signal 2.870 Me La subtract
2nd conversion signal 0.130 Mo j
FL HI filter
2 29.5 to 30.5Uc
2nd conversion signal 30,130 Mol
3rd converslon injection 20,500 Mc subtract
3rd conversion signal . ML
v
To

RF Amplifiesr

Cireult Degoription of the Tranalator

78, The translator subassembly is basically a group of mixer-filters used to convert any
one of 28.000 incoming RF signals to the IF frequency. In the transmit mede of cperaticn,
the IF frequency is converted to any one of the 25,000 RF frequencies. The translator sub-
assembly is used in both the receiver snd trarnemit modes of operation. The mixer stages for
receive and transmit modes are separate; only the filters, following =sch mixer stage, are
common to both functions in the subassembly. Switching signals for the receive—transmit
modes are derived from the transmit-receive pel ay in the chassis. B8witching signals for the
HI-LO filter change are dependent on the freguency in use, These gignals are derived from a
switeh in the Megacycle Synthesizer,

Raoeive Mode (Figs 1007 and 1008)

79. 18t Conversion Mixer and Filters., The receive signal from the RF amplifier is
applied to voltage divider A3R26 and A3RG (fig 1008) which attenuates the signal 6dB, Dicdes
A3CRL and AZCRS provide amplitude limiting to prevent overloading mixer stage A3Q4. The
receive signel, applied to the base of A3Q1, mixes with the megacycle injection signal
applied to its emitter. This injection signal 1s derived from the megacycle Synthesizer
subassembly and enters the translator at J1B-A1. Diode A3CRS protects the emitter-base
Junction of A3Q1 from excessive reverse blas. Mixer A3Q1 15 activated by a ground applied
to pin § of J1A in the receive mode,
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79. (Contd)

Thie ground alse turne on dicde gate ASCRT which is forward bilssed by +10VDG from zensr
diode AZVR1. This gste actlon allows the mixer products from A3ZQ] to be applied to diode
gates AZCR1 and ASCR3. Diode gate AZCRZ is back biased in the receive mode, sinees ground is
epplied through A3TY to its enode., Its cathode is at a potential of +10OVDC. Back biasing
A3CR2 prevents signel voltage from being spplied to transformer A3ZTY which is a portion of
the transmit eignal path. Bince the mixer products from stage A3QY are applied to both
dicde gates, AJCE1 =nd AJCR3, the one turned on controls the signal path to the correct
Tilter FL1 or FLZ2, The HI-LO filter switching already described applies., The selection of
the proper filter is automatic and depends on the erystsl selected in the Megacycle
Synthesizer, Each filter has a pass band of 1 Me, The signal, after passin through the
proper filter, is gated ocut by either diode gate APCR3 or diode gate AZCRS, fFig. 10077,
these two diodes are slse & part of the HI-LOW filter switching., The signsl passed by the
filter in use is the 18t conversion signal., The +10VDC which is constantly applied to the
HI-LOW filter switching circuitry is derived from dropping resistor APR12 and zener diode
AZVE o

2nd Converaion Mizer and Filter

80. The 1st converslon signal, selected by either filter FL1 or FLZ and gated by A2CH3
or A2CR5, is now applied to the diode gate APCR2, With AZCRZ gated "open" the 1st
conversion signal resches the base of the 2pd conversion mixer AZQ1. The {00ke injection
frequencies enter the subassembly at J1A-Al from the 100 ke Synthesiger, These signals are
applizd to the emiltter of AZQY1 and the mixer products of this stege are applied to filter
FL3. Diode gate A2CR1 1s non-conducting in the receive mode and prevents spplication of the
cutput of A2Q1 to the base of mixer, A2Q2, which is & part of the transmit clircultry.
Applicatilon of +20VDC or GND to pins 3 and 5 of J1A controls the action of dicde gates
AZUHZ and AZCRY1. The operation of these gates is similiar to that described for AICRT and
AZCR2, The spplication of +20VDC to pins 3 apd 5 of J1A also asctivates elther receive
mizer atage A2Q1 or transmit mixer stage A2Q2, depending on mode, by applying bias to the
bases of these two transistors, The mixer products from stage AZQ1 are applied to filter
FL3 which has a bandpsss of 100 ke, Freguencies between 2.8 Me and 2.9 Mc are passed,

These signals are the 2nd conversion signals and, after gating by dicde gate A1CRE1, reach
the bese of mixzer stage A1Q2. Diode gate A1CE1 1s sctivated by applicetion of +20VDC or GND
to pin 3 of J1A, This also activates the mixer stages A1Q2 or A1G1. In the receive mode
+20V i= spplied to the base of A1Q1 which cuts this stage off, At this same time +20V
activates A1Q1 by applying operating potential to its base and emitter, The + potential
applied to A1CR1 cathode is derived from the collector of A1Qi.:. Injecticnms slgnals from the
10 and 1 ke Syntheeizer sre spplied to the emitter of 4142, These enter the unit at Ji1A=A1.
The mixer products of stage A1Q2 will contain the 1.75 Mc IF frequency. These signale are
applied to tuned transformer A1T{. A1T1 and a crystal filter reject all mixer producta
except the 1.75 Me IF freguency. The erystal filter is contained in the Recelve IF sub-
azsembly.

TRANSNIT MODE
T8t Converaion Mirer and Filter

81 . In the transmit mode the translation or conversion of the 4,75 Me IF signal to any
one of 28,000 HF fregquencies, between 2 and 30 Me, ie acgomplished in reverse order to that
in the recelve mode, The =ame bandpsss filters are used, &s well as the ssme injection
frequencies for each converaion, The 1.75 Mec IF frequency enters the subassembly at JiA-AZ
(fig 1007) =nd is spplied to divider AYR1-A1RZ, The signal then 1s applied to the base of
mixer stage A1Q@1. The 10 and 1 ke Synthesizer injection signals reach the emitter of A1Q4
from J1A-A1 through capacitor A1CL. A ground applied to Pin 3 of JiA activates mixer stage
A191 by completing the base bias divider circult, A1RL-A1R5. As described in the receive
mode, dicde gate A1CRY 18 non-conducting which prevents the mixer products of A1GQ1 from
reaching A1Q2, which 1s a part of the receive sigmal path. The mixer products are applied
to filter FL3 which passes signals between 2.8 snd 2,9 Mc, These are the 18t converslon
signale,

Znd Converaion Mizer aond Filters

8z, Diode gate A2C0R1 is in the conducting mode mllowing the 18t converslon signals to be
gpplied to the bese of 2nd conversion stage A202, Application of +20VDC to pin 3 of Ji4
sctivates stage A2Q2. Application of +20VDC to pin 5 of J1A de-activates AZQ1 which 1is part
of the receive signel path. The 100 ke injection signals from the {100 ke Synthesizer enter
the trenslator at J1A-Al snd are applied to the emitter of stage A202 through eapacitor AZ03,
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82, (Contd)

The mixer products in the collector circuit of AZ2Q2 are applied to diode gates A2CHI and
AZCR5, Dicde gate AZCR? is in the non-conducting mode and prevents the signals from being
applied to the base of A2Q1. Oating of the mixer products from AZ2G2 by diodee gates AZ2CR3
and A2CR5 is automatic and selects the proper filter, either FL1 or FLZ. The output of the
filters is controlled by dicde gates A3ZCR1 and A3CE3, These diode gates are part of the
HI-LO switching system already deseribed, The signals from FL{ or FLZ2 are the second
conversion signals,

Ard Converetion Diode Mirer

83, The signels from the filter are now applied to diode gates A3ICRT and A3CHZ, Gate
AZCRT 1s non-conducting which prevents the signal from being applied to A3Q1. Dicde gate
A3CRZ is conducting and applies the signal to transformer A3TY. A3TY passees all signals
between 19.5 Me and 30.5 Mc. The 2nd conversion signals are applied from A3TY teo balanced
diode mixer AZCE8-A3SCRY, The megascycle injection signals enter the subassembly at J91B=-A1
and are applied through capacitor A3CY, resistor AZRS8, and resistors AZR9-A3R10, to the
diodes of mixer A3CRB-A3CHE9. The Injection and 2nd conversion frequencies will terd to be
attenuated in this mixer due toc the balanced cirouitry, The sum and difference signals
predominate and are cobtained from the secondary of transformer A3TZ2, This transformer is a
broadband type passing freqguencies between 2 and 50 Mec. The RF freguencies from A3TZ2 are
amplified by the direct coupled amplifier A3Q2-A3Q3. This dual amplifier uses a feedback
elreuit through AZCAZ2 and A3R2%, The feedback circuit stabllizes the gain and broadens the
frequency response of this amplifier., The output is taken from trarnsformer A3T3 and leaves
the subassembly at J1B-Al, The tuned circuits of the EF Amplifier select the proper RF
frequency from the mixer producte of balanced mixer A3ZCR8=-A3CRES. Numercus decoupling
circuits are used throughout the subassembly to prevent RF frequencies from reaching power
supplies or switching cirecuitas,

REOEIVER IF, AGC, AND AUDIO SUB ASSEMBLY MODULE 147
'The Step Type AGC Syatem

8L, Conventional AGC systemse used in AM recelvers are not extremely efficient when used
in single sideband reception. In S8B transmission; nec carrier is present to establish &
aignal strength level, the AGC system must establish its control voltage from the informetion
contained in one sideband. This informetion varies greatly in smplitude and, vith normsl
voice operation, is intermittent. A second problem is intermodulation distortion when the
biae of amplifiers is increased in order to contrel thelr gain, The basic design of an 38B
AGC system is to reduce, or entirely eliminate, the interdependency of discharge and hang
time, A sample of the received signal 1s tdken from the IF path and applied to a tuned
amplifier. Two ocutputs are taken from the amplifier, identiecal in frequency and character,
but differing in amplitude by twenty percent. The larger of the two signsls (E,) is
applied to a timing detector having a fest rise time and a definite prescribed &ianhﬂrgﬁ
time. The lower amplitude signal th} is applied to a similar detector having & fast riee
time and an extremely long dischargetime, The two DC output veoltages o these detectors
are compared in a switeh., As long as E, remains sbove E_,, the AGC ocutput voltage will
remain equal to E,, and thus, be ralati*aly flat even in"the absence of input =ignal.
Depending upon thg pre-established discharge time constant of the timing detector, voltage
E, will at sometime drop to 4 value less than E,, at which time the comparison switch will
dlachargn both detector outputes to ground, thus“causing the AGC voltage to drop to near zero,
If, during the process, new signal information is received in the IF emplifier strip, this
circuit rapldly resets iteelf on the new information and repeats the abore described
process., Flg 9 illustrates the action that takes place,

a5, Aglde from the problem of derivation of an sdeguate contrel veltage, there is yet
ancther problem; the generation of intermodulation distortion in the amplifiers whose gains
are being controlled. For optimum AGC operation, the input funetien bias of the semi-
conductor amplifiers is reduced, hence, it would seem that the ability of the stage to
handle the inecreased signals, without generation of an spprecisble amount of intermodulation
distortion, is somewhat limited. Intermodulation distortion is the ¢ reation of distortion
producte based on the sum and difference frequency of harmoniecs of the desired silgnals. If
signale of 1000 ke and 1004 ke were presented to a non-linear element having second and
third order curvature, the difference frequency of 1 kc could remecdulste each freguency to
develop distortion products at 999 ke and 1002 ke, BSince all of these slgnals are within
the passband, selectivity is of no assistance, Reducing emitter current to control gain

is accompanled by & reduction in power handling capabllity., As sipgnal input is increased
and the gain of the transistor is reduced, distortlion tends to rise., The best sclution to
the problem is to preserve the lirearity of the stage and to leave intact the dynamic range
of the amplifier, by finding other metheds of controlling gein.
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B5. (Contd)

Removal of the by-pass capacitor from across the emitter resistor of a trensistor amplifier
results in decressed gain due to negative current feedback. BSince the linear range of the
amplifier is incressed, distortion is reduced with incresse of simal, A trensistor can be
used 8 a variable impedsnce which is a function of a DO current change. This DC controlled
impedance can be connected in series with the emitter by-pess capacitor to effectively
control the gain by varying the degree of feedback, Fig 10 presents a bloeck diagram of the
AGC system. y
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FIG 9 - AGC RESPONSE TO SS5B OR CW SIGNALS
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AGC Ciroult Desoription (Fig 1010)

8&. The AGC system used in the receive mode of operation is & step type which does not
require the presence of the carrier with the received signal, The IF signal i1s taken from

& tap on transformer A1T1 and is amplified in two stages, A2Q1 and A2Q2, (fig 1010).

These two stages are associmted only with the AGC eircultry., The output from stage AZQ2 i=s
divided into two signals, a full 100% signal and an 80% signal. The 80% signal is derived
by tapping down on the collector load of stage A292, (tuned transformer AZTZ2). The 100%
eignel 1 rectified by diode A2CR1 and is amplified in DC Amplifier AZQ3, The DC voltage
derived from thie amplifier charges capacitor A2010. Capacitor AP040 and resistor ASR4D
form a time constant having a fast riee time and a definite prescribed discharge time. The
voltage on this eircuit is applied to the base of switch stage AZQ4. The 80K signal is
rectified by dicde AZCRZ and the resulting DC is filtered by capacitor A2C8. Reslstor ASRO
is the load resistor. The DC voltage from thie eircuit forwsrd bilases dicde AZCR3 and
charges capacitor A2C9., This capacitor will charge rapidly but hes a long discharge time,
since the only resistance across it is the high resistance of the circultry. Diode AZCES
prevents discharge through components on the anode eide, since it becomes back biased to the
discherge, Thie woltage on A209 is applied to the emitter of switch stage AZ2QL. For the
duration that the voltage on time constant circuit ABC10 - AZR10 remains above the voltage
on time constant cirecuit A2C9, the AGC voltage remsins egqusl to the voltage on AZCY9. At
guch time as the voltage on AZCM0 = AZR{0 drops below that on AZ09, trensister awiteh A2l
conducts heavily. When A2QL saturates, all elements drep very close to ground potential.,
This sctlion grounde both time constant circuits and they start to diacharge rapildly. If,
during this time, new information is received in the IF Amplifier; the system resets

iteelf based on the amplitude of the new information. The DC voltage on time constant
elreuit A2C9 is the AGC woltage. Stages A2G5 and AZQ6 are direct coupled emitter followers,
They act as an impedance transformer which provides a high impedance across time constant
cirecuit A209 eo ss not to decrease the discharge time. From the low impedance gide of the
transformer, the DC is aprlied to AGC attenustor APR12, This control sets the AGO voltage
applied to the IF amplifier, This same valus of plus AGC voltage is applied, through
dicdes A2CEL and AZCRS, to BF AGC attenustor AZR1l;, The forward voltage drop acrose the two
dicdes in serles provides s threshold above which AGC voltage is applisd to the amplifier
inverter stage A2Q7. Manual control of the RF gain 1s achieved by front psnel centrol Ri.
This control provides a amall plus DC voltage which, applied through dicde AZCRE, i1s used to
over-ride the normal AGC voltage applied to the tase of A2Q7. Thi= allows the REF manual
gain control teo de-sensitize the RF Amplifier. Btage A2Q7 is used to invert the poeitive
AGC voltage to a hegative voltage of greater amplitude, This is necessarysince it is
applied to the grids of the tubes in the RF Amplifier, The negative veoltage from the
collector of A2Q7 is applied through diode AZCRET to pin 5 of J1. The dicde is Necessary,
sinee the voltage from A2G7 swings slightly positive., The diode prevents more than a
fraction of & velt (positive) from reaching the tube grids., A portion of the REF AGC voltage
is applied to pin 7 of J1. This negative voltage is used as a signal strength indiecation by
an 8 meter on the front panel., Dicde AZCRE is not needed for the 5 meter application, thie
diede is used to ground the positive side of the meter in the transmit mode.

Cirouit Deasoription of the IF Amplifier and Produot Detector (fFig 1009 and 1040)

&7 . The IF smplifier provides stable amplification snd seleetivity for the receive
signal. The product detector provides the means to recover the intelligence in the IF
simal, The 1.75 Me IF output from trsnslator medule {145 is applied to connector JIAZ from
which 1t 1s connected by capacitor A4CYq to the cathode of dicde gate ALCRY. During receive
operation, ground is applied to pin 9 of comnector J1 and 20 volts de is applied to pin 2 of
connector J1, The ground is applied to the cathode and the 20 volts de is applied to the
anode of diode ALCRL, forward bissing 1t, alleowing the 1.75 Mc input signal to pass, At
this same time, diode gate ANCR3, in the tranemit path is back bilased thus preventing lose
of signal by way of the ftransmit path. From the ancde of diode gate ALWORL, the 1.75 Mc
eignal is coupled by capacitor ALCY2 through matching resistor ALRE to crystal filter FL1,
This crystal filter has a pasa band from 1.7503 Mc to 1.7535 Me. Therefore, regardless of
the type of signal received, only the USB will be passed. The output from the eryetal
filter FL1 is coupled by capacitor A1C1 (fig 1010) to a voltage divider coneisting of
resistor AME1 and AGC attenuator A1Q1. AGC attenuator A1Q1 scts as a variable shunt resist-
anee to ground, the resistance of which is varied by the DO voltage from the step AGC
clreuit, The dec cutput from the step AGC circult (above the AGC threshold) is controlled by
the recelved signal strength. This de veoltage is developed across the temperature compen-
sated voltage divider consisting of resistors A1R3 asnd A1R2, thermistor A1R22, and diode
AMICRZ2. The resistance of thermistor A1R22 and dlode A{CRZ both vary inversely with temper—
ature, Capacitor A1C2 provides unity feedback, placing an ac short betwsen collector and
the base. Therefore, both the collector-to-emitter resistance and the base-to-emitter
resistance form a part of the total shunt resistance for contrelling the level of the IF
signel input to 1,75 Mc IF amplifier A1Q2, Dicde A1CR1 provides temperature compensaticn
for AGC attenustor A1Q1.
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87. (Contd)

The cutput from the veoltage divider is coupled by capacitor A1C3 to the base of 1.75 M IP
amplifier A1Q2.

aa, The gain of 1.75 IF amplifier A1Q2 is controlled by AGC degenerator A1Q3. AGC
degenerator A1Q3 acts as a variable resistive-degenerative element in series with emitter
bypass capacitor A{C5. The base voltage for AGC degenerator A1Q3 is developed from the 20-
volte de supply line by voltage divider A1R4, A1R9, A1R40 and the collector-to-emitter
resistances of AGO attenuator A1Q1, With weak received signale, the output from the step
AGC eircuit will be zero, causing AGC attenuator A1G1 teo be cuteff, This provides maximum
shunt reslstance {less attenuation), biasing AGC degenerater 4143 inte saturetion, and
effectively grounding emitter bypass capacltor A1C%. Therefore, the output from 1.75 Me
IF, amplifier A1Q2 will be maximum., Ae the eignel strength increases, AGC attenuator A1Q1
will conduct. The amount of conduction will be contrelled by the recelived sigmal strength
(above AGC threshold), The shunt reslstance will decrease as the rete of conduction
increases, decreasing the amount of signal applied to the base of 1.75 Mc IF smplifier A1Q2,
As the rate of conduction of AGC attenuator A1Q1 lncreases, the de wvoltage present at the
collector will decrease. Therefore, the hias level on AGC degenerator A{1R3 will

decrease, decreasing its rate of conduction. This will increase the impedance in series
with emitter bypasa capacitor A105, providing increased degeneration to decresse the gain of
1.75 Me IF amplifier A1Q3 at a nearly constant level for variations in the level of the
input signal. The output from 1.75 Mc IF smplifier A1Q2 is developed scross the tuned
circuit consisting of transformer A{TY and capacitor A4C6. PFrom here, the IF signal is
coupled by cepacitor A407 to the base of 4.75 Mc IF amplifier A1Qlh, and by capacitor A1C13
to the base of 1.75 Mc IF amplifier A1Q5.

89. The 1.75 Me IF amplifier, A1G5, raises the level of the 1.75 Me signel and develops
it across the tuned circuit consisting of capacitor A1C45 and the primary of transformer
A1T3, Transformer A1T3 couples the 1.75 Me ei 1l to connector J4A3 for application to the
IF OUT comnector on the front panel of the RT-662/0GRC. This sllows the 1.75 Me signal to be
used for external purposes. The 4.75 Me IF amplifier AqQL4 reises the level of the 1.75 Mc
glgnal and develops it acrose tuned circuit A1C9-A1T2, A1TZ uses & push-pull output winding
te couple the s2ignal to the product detector.

The Produot Deteotor (fig 1010)

‘90, The product detector is used to recover the audio informwticon Trom the receive IF
glgnals. The input to the product detector is the 41.75 Mec IF output from IF amplifier A{Ql,
The input signal is applied to the bases of transistors A2Q8 and AZ2Q9, which are connected
in a balanced mixer conflguration. Base bias for transistors AZQS and A2Q9 is developed by
voltage divider A{Ri16, A1R17, and is applied through the secondary of transformer A1T2. The
collector voltage for transistors A2Q8 and A2Q9 is applied through the primary of trans-
former A2T3, In all modes of operation, except CW, diode gate AZCRS (fig 1009) is forward
biaged by the voltage developed by voltage divider AZR10, A3R13. Thie allows the 1.75 Me
prresent at connector JiAlL to be coupled through diode A3CRS to attenuator AZR{11, A3R1Z2 by
capacitor A3013, Resistor A3R11 esets the level of the 1.75 Mec signal that is coupled by
capacltors A2C49 and AZC14 to the emitters of transistors A2Q8 and A2Q9. During CW operat-
ion, the output from the BFO circuit is applied to the emittera of transistors A2Q8 and
AZQ9 in lieun of the 1.75 Mc injection present at connector J1AL. The 4.75 Me IF and the
1.75 Me injecticn or BFQ slgnals are mixed by transistors A2Q8 and A2Q9, Frig 10113} resulting
in an output consisting of the sum of the two signels, and the difference between the two
signalse ( the desired audic). Capscitors AZ045 and A2C16 bypass the sum of the two signsls.
8ince the circuit is balanced, the 41.75 Me outpute from translstors AZQ8 and AZC9,

developed acrose the primary of transformer A2T3, are 180 degrees out of phase with each
other, This resulte in the cancellation of both the 1.75 Mc injection or the 1.75 Mc IF.
Transformer A2T3 has an audieo frequency response that will attenuate any of the RF signals
not previously cesncelled. The difference between the two signals (the desired auvdie), is
coupled by capacitor AZ2C47 to the base of amplifier AZQ40. Amplifier AZ2Q10 raises the level
of the audic signale and develops them across collector resistor AZRZL. The ocutput from
ampplifier AZ2Q10 is coupled by capacitor AZ2020 to pins 29 and 30 of connector J1 for applicat-
ion to receiver sudic module 4410 and the AUDIO GAIN control on the RT-662/GRC front panel.

EFO Oirouilt Deseripiion

9. In the GN mode of reception, & BFO injection fregquency of 4.752 Mc + .0035 Mc 1s
ereated. This is applied to the product detector instead of the usual 41.750 Mec in other
receive modes, This is necessary because the CW slgnal transmitted by the AN/GRC-106 is
alwaye 2 ke above the indicated fregquency cn the tuning contrels. In all modes of reception
excapt CW, 1.75 Mc is injected into the product detector.
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Thle injectlon frequency is derived from the Frequency Divider submssembly and is applied to
diode gate A3CR5. (fig 1009). In all modes, except CW, this gate is forward biased to pass
the injection signal. Diode gate A3CRL is back biased to prevent lose of signal through the
BEFQ circuitry. In the CW mode diode gate A3ZCRS is back bissed snd AZCRL is forward bimsed,
This allows the BFO injection freguency to be applied to the product detector, The EFO
injection frequency 1s derived from the difference freguency of two crystsl oecillators,
(fig 1009), A3G1 is a crystal oscillator having & frequency of 7 Me¢, a8 controlled by
crystal AZY1. A3Q2 and sssoclated circultry is also a crystal oscillator having a center
fregquency of 8.752 Me, as controlled by erystal AZYZ, This stage is aleo used as a mixer
and the 7 Me signal from A3Q1 ie injected inte its base circuit, The difference product of
the two cscillators is selected by the tuned circult in the collector of A3Q2. This signal
having a centre freguency of 41.752 Mc is applied to isolation emitter follower A3G3 from
which 1t 1s applied to dicde gate A3CRL. This injection signal is attenuated by AZR1{
before application to the product detector. This same attenustor scts on the 1.750 Mo
gignal from gate A3CRS in the other receive modes,

9z. So that the operator may adjust the EF0 injection freguency over a small fregquency
renge, the freguency of crystal A3Y2 can be pulled a small amount, This is accemplished by
& voltage variable capacltor A3CEY{. The anode of thies dicde has a small positive bias as
determined by the drop across dicdes ASCRZ and A3CE3 in series. A larger positive voltagse,
which can be varied by & front panel control, is applied to the eathode of A3CEY. BSince the
veltage vardable cepacitor is back biased by the difference of the twe positive voltages,
its effective capacitance will be controlled such that the frequency of the crystal AZY? can
be "pulled" a few kilocycles higher in fregquency. This is accomplished, ms the front panel
contrel increases the back bilas, by inereasing the positiye bias applied to the cathode of
AZCR1. As the beck bias incresses the capacitance becomes smaller., Capacitor A3CE is in
series with the variable capacitance to ground. Its effect can be ignored as its impedance
is small at the fregqueney of 8.752 Mec., Varilable resistance AZRL im in series with the front
panel control and can be used to set up the range of frequency varlation desired, Inductence
A3ZL3 ecan be used to adjust the center fregquency about which the BFQ fregquency can be varied.
This eircuitry is activated only in the CW mode of reception. Application of +20VDC to pin
10 of J4 accomplishes this.

THE BALANCED MODULATOR (Fig {009)

93. The balanced modulator is used to create the sidebands andi to suppress the carrier
in 85B tranemission. The desired sideband can then be selected by a suitable filter, The
function of the balanced modulator, as used in this equipment, is to combine the 1.75 Mc IF
frequency with the modulating signel in such a manner that the side frequencies or mizer
products of the modulation progess are cobtained without passing the 1.75 Mec carrier.

9L. Since the medulating process is a mixing process, the slde fregquencies obtained will
consist of the mathematieal sum and difference of the two original freguencies. A sre ctrum
analyeis of these output signales shows that they consist of an upper and a lower side=band
equelly displaced on each side of the original earrier freguency, A similiap set of side-
bands will appear displsced about the second harmoniec and also about some other harmonics of
g higher order., The originsl carrier freguency will not appear in the gutput, since the
circuit is balanced to this freguency. The desired sidebands consist of & series of pulses
whose polarity and repetition rate are determined by the switching or carrier voltage and
whose amplitude is contreolled by the audic or medulsting signasl. To suppress the 1.75 Mc
carrier veltage to as low &3 a value as poasible, it is necezsary to balance the gircuitry
Tor both resistance and capscitanee, Both the modulating freguency and the carrier
frequency voltages are applied to the center tap of a balanced transformer, The diodes 4
and B are selected to have the same characteristies, especislly in their forward conducting
resistance. The reaistances in the circuit are arranged symetrieslly with ALRL {fig 1009)
connected so as to allow a resistive balance to be made, Capacitor AGOT is connected mcross
the side having the lowest distributed capacitance to ground, It can be used to create a
capacitance balance at the carrler freguency. The transformer ALTZ is tuned to the carrier
frequency. Balance is achleved at the carrier freguency and, since the voltages are sguel
and of opposite phase on each half of the circuit, the carrier frequency will not sppear
seross the primary of AUT2 and hence does not appear in the secondary, .

95. When an audlo modulating voltage is present the two diodes conduct alternately and
thus upset the balance of the circuilt at the fregquency of the mixer products, The circuit
is balanced only to the carrier frequency and not to the sidebands. Thersfor e, these
Irequencies appear across the primary and secondary of transformer ALTZ, The diodes will
also conduct in proportion to the amplitude of the sudie signal freguency and therefore they
control the amplitude of the sideband frequencies.
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96. In summsry, then, the action of the balanced modulator is to produce two sidebands,
with the original carrier frequency suppressed at the output., An upper &ldeband is
‘produced which is the sum of the cerrier fregquency and the audie signal frequency and the
lower sideband produced is the difference of the carrisr frequency and the sudio aignal
frequency, Note that the output of a balanced modulator ccntains both sidebands as no
filtering action takes place in the device.

Oirouit Deseription qf the Bolanced Modulator and U8B Crystal Filter (fig 1009)

97 . A transmit function is included in the Receiver IF Bubassenmbly, This is the
balanced modulator and USE filter eircuitry. During transmit operetion, the 1.75 Me cutput
from frequency dividers module 146 im applied to connecter J1Al, from which it i® coupled
to the collsctor of 1750 ke switch ALQ2. In transmit, pin 9 of connector J1 has 20 volts de
applied to it. This 20 volts de is used to bias 1750 ke switch ALQ? on. When the switeh
turne on, it presents & small series resistance (collector-to-emitter) to the 1.75 Me input,
This resistance in combination with resister ALUR14 forme a voltage divider to set the leyel
of the 1.75 Me coupled to the center-tapped primary of transformer ALTZ,

98, The 1.75 Me output from 1750 ke switch AUG2 i1s applied to the center-tap on the
rrimary of traneformer ALT2, The audio input from transmitter IF and sudic module 1A5 is
applied to pin 3 of connector J1, from which it is appli=d te the center-tap of the primary
of transformer AUTZ, The audic and 4,75 Me inputs sre mixed by backward diodes ALVE1A and
ALGR1B. Resistor ALR16 and potentiometer ALRL are used to resistively balance both arms
of the balanced medulator circuit. Capacitor ALNCT is used to balance any reactive compon-

ente in the circuit. Therefore, the circuit is set soc that both srms are balanced.
Resistor ANR15 provides a constant low resistance lead for the balanced medulator, The
1.75 Me signal will be of equal potential across both halves of the primary of transformer
ALTZ2, thereby cancelling the 4.75 Me signal., Due to the RF r esponee of transformer ANTZ,
the sudie components will be attenuated. Therefore, the output from the balanced modulator
will be the sum (upper sideband) and difference (lower sideband) products of the audio and
- 1.75 Mc signel. The output from the balanced medulator is coupled by capacitor ALCS to the

‘base of buffer amplifier ALGY. Buffer amplifier ALGY raises the level of the double side-
‘band IF signal and develope it acroses the tuned circuit consisting of capascitor ALCL snd
‘transformer ALTY,

99. When the set is placed in tune condition, a ground is spplied to pin 13 of
eonnector J1 from the AM-3349/GRC-106 power amplifier in order te effectively turn off the
balanced modulator in this condition. This ground is applied to the base of 1750 ke switech
ALg2, shutting it off, thus blocking the 1.75 Mec injection at the collector. When the BT-
662/GRC goes to receive operatlion, ground is applied te pin 9 of connecter J1, shutting
1750 ke switeh ALQ2 off to turn off the balanced modulstor, When the 20 volts de is
initially applied (transmit mode), capacitor ALCHA will charge through resistors ALR44 and
ALR13, The woltage on cepacitor ALGYE is the voltage applied to the base of 41750 ke switch
ALQ2, Therefore, since the base voltage is increased exponentially, 1750 ke switeh ALG2
will be turned on exponentially. This delays the IF output from the RT-662/GRG, preventing
the AN-3349/GRC-106 power amplifier from being overdriven before the autematic level control
signals have time to apply their control,

100. During trenemit operation, ground is applied to pin 2 of connector J1 and 20 volts
de ie spplied to pin 9 of connector J1. The ground is applied to the anode of diode ALCRY
and the cathode of diede ALCR3I. The 20 volts de is applied to the cathode of dicde ALCRY,
and the snode of dicde ALOR3, Therefore, diode ALCR3 will be forward bissed. The ocutput
from buffer amplifier ALGY 1s coupled by capacitor ALOY to dicde ALCEZ, Since diode ALCRS
ls forward biased, the signal will pass and be coupled to filter FL{1 by capacitor ALCYZ.
Filter FL1 removes the lower sideband component of the signal and further sttenuates any of
the 1.75 Me carrier that was not cancelled by the bslanced modulator cireuit, The upper
aigﬁganéﬁé.?5 Mc IF is applied to connector J1A1 for application to transmit IF and audio
mo e 1 .

EBepelver Audio Subosgembly 14710

101, The Receiver Audio Subassembly containe twe audic amplifiers and the squelch control
circuitry.

GFeneral

An audio squelch eircuit is cne that suppresses receiver buckground noise when no
signal 1s coming through the recelver system, The operation of the squelch control circuit
is based on the power dietribution curve of weice power to voice frequency. Most of the
voice power ie concentrated in the range from LOO te G600 cps.
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Noise energy is more nearly egqually distributed throughout the audic range. By diverting
the audic signal through both & low pass filter and a high pass filter, one will pass

egsentially voice signals and the other will pass esaentially noise signals., In this manner
it is pessible to develop control signals to operate the squelch functions.

BY PASS
FRONT SOUELCH AUDIO OUTPUT
PANEL GATE DRIVER o  AMP A
GAIN -
= A2Q3 [— Q2 Q3 (A+B) 2WATTS
CONTROL
]
MANUAL OUTPUT TO
Stenne L o] AMP > HEADPHONES
CONTROL Qi CLod
CW-FSK H
CONTROL
A2CR2
SQUELCH
SWITCH |
A2Ql
A2Q 2
NOISE
AGC CLIPPERS HIGH DET
AMP e AIVR2 - FILTER | 1 qR2CR3
AlQ2 AIVR3 Aokl -
AlO4 A2CIO
" T SQUELCH
LOW 4 | SENS
alcrl | L giLTeER A2RIO
AGC AGC A2L2
ATTEN | LS :
ALG AMP )
AlQ3 VOICE
DET
AlQS

FiIg 11 = BLOCK DIAGRAM OF RECEIVER AUDIO SUB ASSEMBLY
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02, In the auvdio cutput circuit a "Sensitor" is used as a small, low power temperature
‘sensitive resistor having a positive temperature-coefficient (fig 101:-Ri1) and ie
particularly sulted for bias compensation against temperature changes. Pig 11 1s =
eimplified block dlagram of the Receiver Audic Subassenbly.

Oirouit Desoription of the Recelver Audio Subssaembly (fig 1011)

103 The Receiver Audic Subassembly provides two cutputs, One at 10 oW for headphone use
and other at 2 watts for loud speaker use. Since the auvdio input can contain noise as well
88 volce, a squelch circuit is employed in this subassembly to mute background nolee in the
abesence of a received voice signal,

104, The audio cutput from receiver IF, module 1A7 is applied to pin 412 of conrector Ji
through the AUDIO GAIN control on the RT-662/GRC front panel. The AUDIO GAIN control is
used to vary the level of the audic signal coupled by capacitor AZC1 to the base of sguelch
gate A2Q3, If the SQUELCH switch is set at OFF, a ground will be present at pin 13 of
connector J1. This ground will be applied to emitter pesister AZRES, to complete the emitter
:eircuit and allow an ocutput frem squelch gate A2Q3 to be developed,

105. If the RT-662/GRC is being operated in the CW or FSK mode of operation, =2 ground is
‘applied to pin 5§ of comnector J1. This ground will be applied through diode AZCRZ to
‘terminate emitter resistor AZRS, If the SQUELCH mswitch is set at CN, the squelch circuit
will compare the voice level to the nolse level, If the voice is predominant, squelch
ewltch A2G1 will be biased on, effectively terminating emitter resistor A2RS to ground
through the small collect-to-smitter resistence of sguelch switch A2Qi. If the inceming
Bignal is predominstely noise, sgquelch ewitch A2Q41 does not conduct, Therefore, resistor
AZRS will be open and the input will not be allowed to rass (will be squelched). In order
that the operator can be aware of the presence of signals when the unit is sguelched, a by-
pess path is provided through resistors APRZ and AZR1, Therefore, the operator is aware
that the set is operating. If it is necessary to receive eignals that sre belew the sguelech
ithreshold, the SQUELCH switch csn be set at OFF to sllew the full audio output to be
‘available, Resistor AZR2 is normally set to provide a Bguelched to non-sguelched ratie of
20 4B at the audic outputs,

106, When emitter resistor AZR5 is grounded, the audio signals present at the base of
‘8quelch gate A2G3 will be developed acrose emitter resistor AZR5. The audio is then coupled
by capacitor A1C2 to the base of 10 mW cutput amplifier Q1 and tc the base of asudio driver
Q2. Capacitors A2CE and A207 are used to bleck de from the input and egualize the low
frequency response of the two channels, Resistors APR{4 and AZR1Z2 are used to compensate
for the amplifier input requirement so that each of the two chennels can simultanecusly
‘produce its regquired output from a common source,

107, The audio signal is raised to & level of 10-milliwatts by output amplifier Q1.
Inductor L1 is used to provide freguency dependent degeneration, in order toc provide roll-
off to attenuate freguencies above the 3500 q& volece range. Collector-to-base fesdback
[through reglator RE? is used to improve the stability and minimize the distortion of 10 mW
cutput amplifier g1. The cutput frem 10 oW cutput amplifier @1 1s developed acrogs the
primery of transformer T4, Transformer T4 couples the audlo signals to pin 14 of connector
d1 for application to the AUDIO connectors on the RT-662/0GRC front panel. The 410 milliwatt
output 1s used to drive the headeet H-227/U or handset H-33/PT. Cepacitore C5 and C8 ape
used to bypass signals above 3500 ¢f, Transformer T4 transforms the output impedance of
amplifier Q1 to the desired E00 chms for matching the impedance of the H-33/PT and H=-227/U,

108, Audio driver Q2 raises the audic signals to a level sufficient to drive 2 watt push=
pull output amplifier Q3 (A and B). Degeneration (developed by resistor R&) and collector=-

to-base feedback (through resistor R5) are used to improve the atabilit{ and minimige the
distortion of sudio driver g2, The cutput from audic driver G2 is developed scross the

primery of transformer T2. Transformer T2 couples the signal to the basee of 2 watt push-
Tull output amplifier Q3. Base bias for 2 watt push-pull cutput amplifier Q3 is developed
from the 20 volts de supply by the temperature compensated voltage divider consisting of
resistors R10 and R12 and sensitor R{1. Collector-to-base feedback (through capacitors C6
and C7) is used to provide roll-off for freguencies above 3500 cs8, The 2 watt push-pull
output amplifier, A3, raises the level of the audio signals to 2 watte. This output is
applied to pin 15 of connector J1 for epplication to the AUDIO conmectors on the RT-662/GRC
front panel. This output is used for driving the loudspeaker L8-166,/U.
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109. The audiec ocutput from receiver IF module 1A7, which is appllied to the AUDIO GAIN
control, is slso applied to pin & of conmector Ji. From rin & of connector J1, the audio
is coupled by capacitor A1C4 to & voltage divider consisting of resistor A1B{ and the
collector-to-smitter resistance of AGC attm mtor A1G1 which is contrelled by an AGC loop.
The collector-to-emltter resistance is inversely proportional to the level of the signal
input, as determined by the cutput from AGC de amplifier A1Q3. The voltage divider
provides a nearly constant output, which 1is coupled by capacitor A1C2 to the base of AGC AF
amplifier A1Q2. BReslstor A1R2 is used to ieolate the voltage divider from the input
impedance of AGC AF amplifier A1Q2 in order to ensure maximum control range, The audio
output from the voltage divider iz raised in level by AGC AF amplifier A1Q2 snd is coupled
by capacitor A10L to the base of AGC AF amplifier A1QL. Degeneration (developed by
resistor AMRG) and collector-to-base Tesdback ( through resistor A1R5) are used to improve
the stability and minimize the distortion of AGC AF amplifier A1Q2,

110, AGC AF emplifier A2Ql further raises the level of the audio Bignal and developa

it across the primary of transfommer A1TY. Ccllector-to-base feedback { through resistor
A1R12) i8 used to improve the s8tability and minimize the distortion of AGC AF amplifier
A1QL4. Transformer A{1T1 couples the sudie ocutput from AGC AF amplifiep A1Ql to high pass
filter AZL1, A1010, and an AGC feedback circuit consilating of AGC rectifier AYCE{4 and AGC
attenuator A1Q1 and AGC dc amplifier A4Q3. This cireuit forms a closed AGC loop with AGC
Budio amplifier A1Q2 and A1Q4. Zener diodes A1VEZ and A1VES provide clipping for any peaks
that exceed their firing points,

111 The sudio output from AGC AF smplifier AdQl is detected by AGC rectifier A4CR4,

This voltage is filtered by capacitor A106 and used ae the de 8lgnal for AGC de smplifier
A143, filtered by capacitor A1C3, and used to bias AGC attenustor A1Q1. As the input signal
increases, the de output from AGC de amplifier A1Q3 will increase, decreasing the collector
to emitter resistance of AGC attenuator A1Q1. This will decreass the input to AGC AP
amplifier A1Q2, 8imilarly, ss the signal decreasea, the collector-to-emitter resistance of
AGBC attenuator A1Q1 inecreases, inereasing the signal level at the beae aof AGC AF amplifier
A1Q2. Sines thie ie a closed logp the input of AGC AF amplifier A1Q2 is8 maintained at a
nearly constant level after the initial stabilization,

112. Low pass filter AZLY, A1C40 zllows only the portion of the input fregquencies
approximately between 400 and 600 ca to pass to the base of volee aeneing detector A1Q5.

The posgitive portione of the applied signals will be rectified by detecter A1Q5, Therafore,
volee sensing detector A1G5 will act as a half wave rectifier., This peositive do output is
filtered by capacitor A1C8 and applied to one end of resistor AZR10 (SQUELCH SENS control).

113. High pass filter AZCY, APL? sllows only the portien of the input freguencis=s above
approximately 1200 cs to pass to the cathode of noise Bensing detector APCRE3, Noise
seneing detector AZCR3 rectifies the negative portions of the signels, This negative de

ctentlal is filtered by capacitor AZCS and is aprlied to the other end of resistor AZR10
?SQUELGE SENS contrel). Since voice energy is concentrated primarily in the LOO to 600 cs
range and the received noise energy is equally distributed throughout the audie range, the
two filter circuits allew discrimination of volece input from no veice input conditioms., In
the ecase of ne voice input, approximstely equal eignals will pess through the two filters,
with the result that the de voltage at the wiper of resistor AZR10 will be insufficient to
cause Bgquelch eswitch A2Q2 to conduet, When voies is present, most of its energy will pass
through the low pass filter causing an increased peositive de voltage on the wiper of
resistor AZR10, If the voice lewvel is sufficiently above the ambient noise, the resulting
dec voltage at the wiper of resistop AZR10 will be sufficient to cause condueticn in sgquelch
switch A2G2. Resistor AZR10 is set so that ratio between the voice and noise must be of &
predetermined value, before sguelech switch 4292 will conduct,

114, If the B + N ratioc is of a predetermined value i.,2 voice 15 predeominant, the
voltage on the = N wiper of pesistor AZR10 will forward bias sguelch switch A242. BSqguelch
ewiteh A2Q2 will conduct and itas output will be filtered by capacitor A203, If the SQUELCH
awiteh is set at ON, Bguelch switch A2Q1 will be biased om and conduct, When squelch switch
A201 conducts, emitter resistor AZRS5 will be grounded through the small ceollector—to-emitter
resistance of squelch switch A2Q1, allowing the auvdic to pass to the amplificetion circuite
as previcusly described., If the noise predominates, the voltage at the wiper of resistor
AZR10 will not be sufficiently positive to bias sgquelch switch A2Q2 on, Therefore, resistor
AZRS will mot be grounded. This keeps aguelch gate APQS, non-conducting foreing the audic
signals to pass through resistive divider APR1 and AZR? and he aquelched.
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THE NOISE BLANKER, MODULE A6 (Fig 1012)

‘General

115, The Nolse Blanker subassembly is a part of the chassis. Its purpose 1z to reduce
the effect of impulse type noise by muting the output of the translutor subassembly just
before the pulee srrives and slightly longer thsn the pulse duration. It is imperutive_that
noise be removed before the IF filter such that ringing does not further stretech the noise
pulse, and before the AGC detector to prevent noise from sctiveting the AGC:

116, The noise blanker iz designed to reduce impulss noise only. Impulse noise, becuuse
of the short duration of the pulses compared with the time batween them, must have high
amplitude to contain much average energy. Hence, noise of this type, strong encugh to cauvse
much interference, generally has an instantanecus anplitude much higher than thut of the
Bignal being received. The approach ussd here is to silence or mute the reecsiver during the
duration time of any individusl pulse, The listener will not hear the "hole" becuuse of its
short duration, and very effective neolse reduction is obtained. In passing through select-
ive receiver circults, the time duration of the impulses may be incressed becsuse of the 4
of the circuits. Thue, the more selectivity ahssd of the nolse reducing device, the mere
difficult it becomes to secure good pulse type nolse suppression.

117 Therefore, the signal plus nolse is diverted inte s separate channel clese to the
input end of the receiver, a decision based on the relative amplitude of noise-to-zipnal is
made and if the presence of noise pulses is determined, a regenerated pulee iz formed to
gate the slgnal path of the receiver further along the path. The gating must occur hefore
the original noise pulse reaches the point vhere the signal path is interrupted. This
regquires that the bandwidth of the blanker chenmnel be wider than the bandwidth of the
recelver up to the point of gating.

118. The noise blanker is designed to oparats on impulae noise only., In general, this
type of noise will be "man made" and may be generated by internal combustion-=ngine ipnition
syetems, by power line discharges, by diathermy machines, by mctor brush spurking, und by
other electrical devices. Fig 12 shows a simplified dizgram of the Noise Blanker sub-

assembly, SIGNAL

INPUT
A AMPLITUDE WIDE BAND AMPLITUDE WIDE BAND
E LIMITER | amp LIMITER  AmP
CR2 CR4
RIO
*
LIMITER PULSE PULSE
CLIRPeR.L | “cns AMP |l amP
CR3 CR7 Q3 o4
PEAKER MULT |- INTEGRA-
RIS-CI6 VIBRATOR TOR R28B TO 10 AND IKC
= s —
RECTIFIER Qs |A4AIC20 SYNTHESIZER
CR8-CRO ae ®

® IA4AIC20 IS LOCATED IN 10 AND IKC SYNTHESIZER
¥R 10 IS LOCATED IN CHASSIS.

Flg 12 = BLOCK DIAGR:M OF THE MOISE BLANKER ASSEMBLY
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Cirouit Desoription of the Noise Bilonker (fig 1012)

119. In most systeme of this nature a clear channel outside of the tuning range of the
recelver 1s used to sense the presence of nolse, It is sssumed that the noise is also
present at the freguency to which the receiver is tuned. A separate tuned RF Amplifier ias
ueed to select the noise band and amplify the nolse pulses, The amplified pulses are then
used in a balanced gate to open the signal path of the receiver without re-intreducing noise,

120. The noles blanker used in thie receiver setually senses the noise within the REF band
in uvee, and thus, takee advantage of the normal antenna, The noisze blanker does not employ
an RF Amplifier with tuned stages as this would tend te lengthen the noise pulees and make
noiee suppression harder to achieve, Instead, the signal plus noise is fed directly frem
the antenns to a wide band amplifier. The cireuitry produces a fixed width pulse for every
noise pulse at the input. This pulse is then used to block the injection signal from the
10-1 ke synthesizer toc effectively mute the receiver.

121. From J16 on the receiver front panel the antenns signal is applied to a resistor
voltage divider. This divider is made up of resistor B10, B16 shovn in A7 in the chassis,
(fig 1025) and resistor B{1 on the Noise Blanker schematic (fig 1012). A small part of the
antenns signal iz applied to the amplitude limiter CR1-CR2, Only eignals such as noiss
peaks, which are much greater in amplitude than the average signal noise level, will be
sensed by this cirecuit., The output from the limiter is fed to the base of video amplifier
1. The output from video amplifier g1 1s coupled to the base of video amplifier Q2 by
capacitor G5, WVideo amplifier Q2 is identical to video amplifier Q1, except for the
increased stebility obtained by the unbypassed emitter resistor R9. Diodes COR3 and CEY
prevent peake in the output from video amplifier 1 from overloading video amplifisr Q2,

122, The output from video amplifier G2 is ecupled by capaci tor 09 to dicde CR5, Diode
CR5 detescts the positive portion of the cutput from video smplifier Q2. Limiter CRG6, CR7
eliminates any peaks still present in the signal. The output from dieode CRE is raised in
level by two successive ldentical pulse amplifiers (g3 and QL4), The output from pulse
smplifier Q4 ls coupled by capacitor C16 to dlode OR8, Hesistor R19 and capacitor C1E create
a positive golng and a negative going pulse from the sgusre wave, The negative portion of
the pulse 1s shorted to ground through diode CR9. The output from diode CRB is applied to
one=chot multivibrator Q5, Q6.

123, One-shot multivibrater Q5, 06 will produce a negative pulsed output each time a
noise pulse is present in the received signel. This pulse will have & fixed width
regardless of the width of the trigger pulse, The width of this pulee is 150 microseconds
4 60 microseconds. Thie sgquare waye pulse is integrated by resistor R28 and capacitor
A1G620 (in the 10 and 1 ke synthesizer subassembly fig 1022¥ 80 ag to slightly slope the sides
of the square wave, This is done to prevent ringing in the gating eircuit of the 10 and

1 ke synthesizer. This pulse is applied to connector 14172, from which it 1 &8 spplied to
10- &and 1-kc synthesizer module 1AL, The output pulse width from cne-shet multivibrator g5,
Q6 (fig 1012) 1e such that the output from translator module 1AB will be disabled slightly
before the pulse arrives and slightly longer than the duration of neoise pulss. NOISE
ELAKEER switch 1A1AZ applies regulated 20 wolts de or grounded to nolse blanker {4146 to
eontroel its on/off operation.

TRANSMITTER IF AND AUDIO SUBASSEMELY 145 (Fige 1013 to 1015)

Funotiona
124, The functions sccomplished in the Transmitter IF and Audic Subassembly are as

follows:

8. Amplify and regulate the Audio sipnal spplied to the balanced modulator.

b. PFroduce the 2 ke injection signel reguired for CW transmission,

¢. Provide a Vox capability.

d. Develop contrcl voltapes for and amplify the trensmit IF Signal,

e, Ferform the primary transmitter keying.
Automattie Level Oontrol
125. Contrel of the power output of the final RF Power Amplifier, AMZI3L0/GRC, is
acgomplished by a closed leop system of which the transmitter IF and Avudieo Subassembly is a
part., FPeak power control (PPC) and average power control (APC) are used to sutomatically

maintain the desired power output from the transmitting system, The control signals are
applied to the Transmitter IF Amplifier stages for this purpose.
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126, In the AN/GRC-106 eystem, two separate means of automatic power level control are

employed. One, the Peak Power Control, is designed to adjust the system gain to prevent the

Power Amplifier stages from being overdriven on modulation peaks, while the second econtrel,

the Average Power Control, is designed to keep the longtime average power output censtant.

The control functions are accomplished by feeding DC voltages back to two variable-gain

Eﬁggaa in the Transmitter IF and Audio subassembly, & part of Receiver-Transmitter, RT-662/
L]

127. To effectively perform their separate contrel functions, the PPC and APC DC control
signals must have specific characteristies, The FPC DC Control woltage is processed such
that it has a fast attack, but slow release; the time constants being chosen to make the
FFC able to react to sudden modulation pesks but to "hang on" between pulses coming at a
eyllebic rate, Thus, the control voltege finds © level that precissly allows the final
power output stage to be driven to full power on modulstion peaks,

128, The APC DC control is a control deviee that restriets the average power cutput of
the power smplifier to a level which it can maintain continuously. Since the linsar power
smplifier is designed for single sideband or multiplexed data transmissions, it must be
capable of high peak power output. This output must be maintained with pocd linearity,
therefore, the tubes must not saturate or be emission limited. For the above reasons the
AFC DO control eircuit has a long time mnstant such that it does not react to high peaks,
but rather to the real average power. Automatie eontrol is desirable because a sinple
potentlometer methed would require that the operator wnstantly monitor powsr output. The
gain of the transmitter varies both with temperature and with transmit ted frequency. Once
the system has been adjusted te a particular power output, this level should remain constant,
The APC circuitry accomplishes this,

129. Since duty cycle varies with the particular mode of transmission, it is evident that
one adjustment for average and peak power cutput will not be satisfactory., Provision is
made so that different values of average and peak power can be realized depending on the mode
of operation; fig 13.is a simplified block disgram which illustrsates the centrol loop
involved for both FPO and APC,

FRC and AF? Qontrol Ciroultry

General

130, The PPC and APC control circuitry in the subassembly processes the medulated DG out-
put from the operate ALC (automatic level control) circuit in the AM-37%49/GRC-106 Power
fmplifier. BSinece each mode of transmission requires s different value of control voltage, a
divider network is provided in the chassis of the receiver-transmitter. (Fig 1026) Fig 1L
provides & simplified schematic of the control and divider circuit,

Qontrol ond Divider Cirouit

131 . After passing through a suitable decoupling cirecuit the DG signal is applied to two
divider networks. The APC network is composed of control potentiometer Ri4 and resistors
R11, R5, and R6. Bwitch 34 selects the desired portion of the APC signal from the divider
network according to the mode of transmission in use,

132. The PPC network is composed of control potenticmeter B15 and resistors R21, R20 and
B19. All modes of transmission take a signal frem the junction of B15 end R20. In the OW
mode an sdditional resistor, R19, is added to the voltage divider string. Fig 14 through
17 are simplified disgrams showlng the circuitry in the chassis for each switch poeiti en,

133, This divider nstwork converts the operate automatic level wmntrol (0ALG) ecircuit from
the PA to the proper level for application to the PPC and APC circuitry. The FFO eignal is
bpplied to pin 8 of connector J1, (fig 1014), from which it is epplied through resistor A3ZR{3
to the base of emitter follower A3QL. Any BF sipgnals present in the input are bypassed by
capacitor A3CL. Emitter follower A3QL provides isclation between the divider natwork on the
chassis and the peak detection circuit (ecapacitor G5 snd resistor RA).

184, The cutput from emitter follower A3Ql4 is used to charge capacitor AZCE, providing
the signal for a second emitter follower A345. The charge time constant for capacitor A3CS
is very smpall, allowing it to charge to the peak level of the applied sipnsl. The discharge
path is through resistor ASR8. The discharges time constant is long compared to the
frequency, of the applied signsl, but is short encugh to follow the syllabic rate to maximize
the average talk power and atill hold the peak envelope power within the design limits. This
acticn tends to compress the REF volce signal and thereby change the peak-to-average ratic to
improve system performance.
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135. The voltage on charged caspacitor A2C5 is the DG signal for emitter follower A3GQ5.
A3Q5 provides isolation between the peak detection circult and the input ecircuit for FPC
attenuetor A1G1. The cutput from emitter follower A3G5 is spplied to the base of FFPO
attenustor A1Q1, determining the amount of attenuation of the IF signal applied to transmlt
IF smplifier A2Q3. This closes the PPC loop between the AM-3349/GRC-106 ocutput and the
RT-662/GRC input to prevent the peak power of the transmitted signal from exceeding a pre-
determined level.

136, During transmit operatiocn, the FPC signal is applied through resistor AZR10 to pin L
of connector J1 for applicatlon to the Bignal level meter. The Signal level meter then
provides an indiestion of the ameunt of PPC signal required to control the RF power output
jevel. In the receive mode of operation, the output from the step AGC circult in the
receiver IF subsssenmbly is applied to the Blgnal level meter. Dicde A3CR3I provides the path
to ground for this negative signal. Resistor ASR10 isolstes the AGC voltege from the esmitter
of PPC de smplifier A3G5., The similar path to ground for the PPC signal is located in
receiver IF subassembly, Fig 18 shows this circuitry.

137, When the RT-662/GRC is used alone or if the AM-3349/GRC-106 is not functioning, the
putput from internal ALC assembly 1A1A5 is spplied through pin 6 of connector J1 =nd diode
ASCRY to the base of emitter fellower A3QL4. This signal is then used to penerate the FPC
signal as previously explained. When the RT-662/GRC is operated with the AM-3349/0RC-106
functioning, the output from the divider netwerk on the chassis will reverse blas diode A3CRL
and override the output from internal ALC assembly 1A1A5,

APT Control Cirouitry

138, The input to the APG circult is the ocutput frem the divider network on the chassis,
This signal has the positive peaks of the detected signal riding on a DC level. It ls
applied to pin 7 of connecter J1, (fig 1014) from which it 1s applied to the base of emitter
follower A3Q1. A3Q1 isclates the voltage divider network (on the chassis) from the
medulation wiper. Capacltor A3C1 is an EF bypass for any RF signals that muy be present in
the signal, The cutput from emitter follower A3Q1 is applied to the modvlation wiper.

139, The modulaticn wiper consiste of resistors A3ZRZ, A3R3, A3RL, and A%R12, dicde A3ZCR1,
and capacitor A302, The function of the modulation wiper is to aversge the peaks of the
applied signal, to produce a DC output whiech is proportional to the average power output from
the AM-3349/GRC-106. During cperation, the modulation wiper will set the averagpe level und
ignore the presence of modulation. This ensures that the power level of transmission will
remain the same. Capacitor A302 charges, on the positive going slope of the applied signal,
through resistor ASRE3. The time constant of resistor A3R3 and capacitor A3C2, in combinaticn
with the dividing setion of resistors A3R3 and AZRL, 1s such that capacitor A3CZ charges to
the sverage level of the applied peaks. On the negative-going slope of the applied signal,
the voltage of charged capacitor A3C2 will forwsrd blas dicde AJCE1 and the parsllel
combination of resistors A3SRZ and A3R1Z. Ground is present at pin 24 of commector J1 during
transmit uper&tiun}. The discharge time constant is wvery short, allowing the capacitor to
rapidly dischargs as the negative-golng slope of the applied slgnsl goes toward zero. This
ensures that the charge created by the next positlive-golng slope starts near zero, thereby
preventing the APC voltage from creeping up and allowing the APC loop to decrease the average
power output from the AM-3349/0RC-10&,

140. The voltage on charged capseitor A3C2 is the signal for emitter follower A3Q2. A3Q2
provides isclation betwsen the modulation wiper and the APC filter circult (resistor A3RS and
capacitors A3C3 and A3CE). 4As emitter follower A3Q2 is turned on by the DC slgnal on
capacitor A302, capacitor A3C3 will rapidly charge through the small collector-to-emitter
resistance of emitter follower A3QZ2. The discharge path for these capacitors is through
resistor AR5, The RC time constant of the discherge path is very long compared to the
frequency of the applied signal., Therefore, the voltage of charged capacitors A3C3 and A3CE
will be maintained at & nearly constant level for a given output from the AM-33L9/GRC-104.
This voltage is used as the DC signal for emitter follower ASQS.

141, A3Q3 provides the required isclation between APC attenustor A1QL and the APC filter
circuit. The output from emitter follower A3ZQ3 is applied to the base of APC attenuator
A1Qly, determining the amount of attenuatlon for the IF signal applied to IF amplifier A1G6.
This closes the APC loop betwsen the AM=-3349/GRC-106 output and the RT-662/GRC input to main-
tain the average power level of the transmitted eignal at a predetermined value,

142, During recelve operation, pln 24 of connector J1 has 20 volts de applied to it.

(Fig 1014). This 20 wolts is divided by resistors A3R12 and A3RZ and is used to charge
capacitor A3C2, thus providing an APC output from emitter follower A343. Therefore, when the
RT-662/0RC is keyed by the voice input (vex or push to vox cperation), thers will be APC
control for the initial peaks, preventing the AM-3345/GRC-1 from being overdriven. Once
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keyed, ground is applied to pin 2L of connector J1, providing & discharge path for capacitor

A3C2., The eircult will them be controlled according to the averages power output from the
AM-33L9/0RC-106 as previously explained,

143, When the RT-662/GRC is operated without the AM-3343/GRC-106, the output from internal
ALC assembly fA1AS is applied from pin & of connector J1 thro diode A3CGEG to generate the
necessary APC signal as previously explained. When the RT-662/0RC is operated with the
AM-33L9/GRC-106 functioning, the output from the divider network on the chassis 1g of

sufficient level that it will reverse biss diocde ASCRS and over-ride the internal ALC slgnal.

SSB-NsK (POSITION 4)
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Fig 14 = ALC SWITCHING IN RT-562/GRC ON SSB-NSK
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Oirouit Deseription of the Transmit IF Amplirier (Figs 1014, 1015)

1hl, The transmit IF amplifier controls and amplifies the S8B signal from the crystal
filter following the balsnced modulator. This is done in order to provide a constant input,
at the desired level, for use in the translator subazsembly. The transmit IF amplifier
coneists of two stages, one of which is controlled by the peak power control (FPC) circuitry
and the other is controlled by the average powsr control (APC) eircuitry., In the

compatible AM mode of transmission, the local 1.75 Mc carrier is reinserted in the second
stage of the amplifier.

145, The 1.75 M¢ IF output from BSB crystal filter is applied to comnector J1A3.

(fig 1014). Prom commector J1A3, the 1.75 Mc IF signal is coupled by capacitor AIC3H to a
variable voltsge divider consisting of resistor A1R3 and the collector-to-emitter and buse-
to-emitter resistances of FFPC attenuator A1Q1., The voltage divider is controlled by the DC
output voltage from the FPC circuit. Thise DC veltage is applied across the temperature
coempensated voltage divider consisting of resistors A1R1 and A1R2, thermistor ATR33, and
dicde A1CR1. Capacitor A1C2 places an AC short betwsen collector and base, causing botn the
collector-to-smitter resistance and the base-to-smitter resistance to form & purt of the
total shunt resistance for controlling the level of the IF sipnal input to transmit IF
amplifier A1Q3., Diede A1CRL provides temperature compensation for PPC attenuator A1G1. The
output from the veltage divider is coupled by capacitor A1C6 te the base of transmit IF
amplifier A1Q3.

146, The gain of transmit IF amplifier A193 is controlled by FPPC degenerator ATQ2. FFC
degenerator A1Q2 acts as a variable impedance element in series with emitter bypass

capacitor A1CG7, The base voltage for FPC degenerator A1G2 is developed from the 20 volt DC
supply line by voltage divider A1R6, A1TR7, ATRS., A decrease in the transmitted BF sipnasl
level decreases the PPC voltage level, ceusing FPPC attenuator A131 to conduct less, thus
increasing the shunt resistance (less attenuation). This will bias PPC degenerator A1Q2 inte
saturgtion, effectively grounding emitter bypase capacitor A1C7. Therefore, the ocutput from
tranamit TF emplifier A1Q3 18 meximum. As the PPC voltage increases, the conduction of FPFG
attemuator A1§1 will increase., The amount of conductlion will be controlled by the RF output
gignal level. The shunt resietance wlll decresse as the rate of conduction increases,
decreasing the smount of signal applied to the base of transmit IF amplifier A1Q2. As the
rate of conduction incresses, decressing the amount of signsl aspplied to the base of transmit
IF amplifier A1Q3. As the rate of conduction of PPC attenustor A1Q1 increases, the DC wvol-
tage present at the collector will decrease. Therefore, the base voltage on PPC degenerstor
A1Q2 will decrsase, reducing its conducticn. This will ineresse the impedsnce in series with
emitter bypass capacitor A1CT, providing increased degeneration and reduction in gain of
transmit IF amplifier A1Q3.

147. FPC attenuator A1Q1 and PPC degenerator A1QZ together provide pgreater than L0 db of
control to maintain the peak output from transmit IF amplifier A1G3 at o level determined by
the peak power control ¢ircuitry. The output from transmit IF amplifier A2Q3 is coupled to
gnother voltage divider consisting of resistor A1RZ20 and the collector-to-emitter and
collector-to-base resistance of APC attemster A1QY by capacitor A1C15. The amount of con-
trol provided by the variable voltage divider depends on the DC output frem the APC cireuit,
The output from the voltage divider is coupled by capacltor A1C19 to the base of transmit IF
amplifier A4146. The gain of transmit IF amplifier 4105 is determined by the amount of
degeneration developed by the collector-to-emitter resistance of APC degenerator A105. The
theory of cperation for transistor stages A1QL, 4195, and AIQ6 1s identlcal to that for the
corresponding stages A1G1, 4102, and A1Q3. The output from transmit IF amplifier A1QE is
coupled by transformer A1TZ to connector J1A1 for application to the translator subsssembly.

L8, In 88B, CW, FSE, or NSK modes of transmission, pine 9 and 10 of ccnnector J1 will be
open, Therefore, the 20=-volts de supply voltsge present at pin 1 of conmector J1 will be
applied through resistor AIR19 to the cathodes of diodes AICREE and A1CRY. Since their anodes
are at 10 volts de (developed from the 20 volts dc by voltage divider A1R18, A1R15 and
applied through isolating resistors A1RZ22 and A1TR17, they will be reverse blased. Thess
diodes, in the back-blased mode, ensure that any 1.75=-Mc leakage will bhe at leaet 50 dB down
from the 1.75-Mc IF signal. During compatible AM cperation, the 1.75-Mc local carrier is
gated back into the IF signal. The 1.75-Mc output from the frequency divider subassembly

is applied to comnector J1A2, from which it i1s applied to AM CARRIER ADJ A1R14. AM CARRIER
ADT AMR1L is used to set the injection level. During compatible AM treénsmission, ground is
applied to pin 9 of connector J1, from which it is applied through diode A1CRZ to the
cathodes of diodes ATCRG6 and A1CRT. Sinece the onodes of A1TCRS and A1CRT7 are at 10 wolts DC,
they will be forward biased, allowing the 1.75-Mc local carrier to pass and be coupled by
capacitors A1C1Z and A1C16 into the main signal path at the junction of resistors ATRZ21 and
ATR20. When the radioc set is in tune condition, & ground from the AM-3349/GRC-106 is applied
at pin 10 of connector J1., Diocdes AICEZ and A1CR3 are lscolating diodes. A1TCR3 lsclutes the
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groand on pin 40 from the AM ground line on pin 9. A1CRZ2 leoletes the ground on pin 9 from
the tune ground line on pin 10. These grounds are never applied slmultaneously.

145. The tune ground spplied through diode A1CR3 has the seme effect as the AM ground
applied through diode AICRZ. In this case, however, therels no IF input at J1A5, since only
a carrier is needed for tuning purposes.

Oiroult Desoription of the Audio AmpliFfier and the Audio AGC System (fig 1015)

150. The primary purpose of the sudio section of the Tranemitter IF and fudio Subassembly
ie to amplify the applied sudlo informetion te a powercommensurate with the regquired input
level of the balanced modulstor. In addition, the sudic information is preocessed in such &
manner that the average power level being transmitted is kept ee high &8 possible within the
gapabilities of the PA. 2

151« The sudio intelligenee ig applied to either pin 417 or pin 16 of connector Ji. Fin
17 is the input for carbon mierophones and pin 16 1e the input for dynamie mierophones.
Capacitor A2C1 is used to block the microphone blas from being applied to trenasmit sudio
sttemuator AZQ1. BReslstors AZRZ2 and A2HL provide a voltage divider to reduce the higher
input levels from the carbon microphones to one near that of the dynamice mierophones. Resle-
tor AZRS provides the 50-ohm termination for the e earbon mierophones. Resistor AZRL provides
the 600-ohm terminstion for the dynemic microphones. Resistor AZRE snd transmit audio
attenvator A2g1 form a varlasble voltage divider to maintain the level of sudic at the base
of AF emplifier AZQZ2 at a nearly constant level. The attenustion effect of the voltage
divider is varied by varying the collector-to-emitter reslstance of tranemit audio attenu-
ator AZQ1. This resistance ie wvaried by the AGC loop, which changes the DC voltege at the
bege of transwit sudio attenustor A2Q1 as the signal level changes. The output from the
voltage divider is coupled by capacitor AZ2CT7 to the base of AF amplifier A2QZ. Reslstor
AZRT isolastes the voltage divider from the input ilppedsnoe of sudio amplifier APQZ in order
that maximim control range can be obtalned from transmit sudio asttemiator ASQ1.

152. Audio amplifier AZQZ2 reises the level of the sudloc signal and develops it across
reaistor AZRE25. Resistor AZRZY4 is used to provide collector-to-base feedbade to improve
the gtability and minimize the distortion of sudio emplifier A2QZ2, &nd is also part of the
base bias voltege divider. The cutput from amplifier A2Q2 is direct coupled to the base
biss voltage divider. The cutput from amplifier A2QZ is dlrect coupled to the base of sudio
amplifier AS2W3. Amplifier A2Q3 further raises the level of the sudlic intelligence and
develops it scross voltage divider AZR31, AZH32. Resistor AZRZ29 provides emitter blas and
AZC1T is the emitter resistor by-pass capacitor. Resglistor AZR30 provides collector-to-base
feedback to improve the stability and minimize the distortion of asmplifier A2Q3. The output
from voltege divider AZR31, AZR32 is coupled by capacitor A2C18 to pin 19 of connector J1
for spplicetion to the btalanced modulator. The cutput from the collector of amplifier AZQ3
ie direct coupled to the base of gudio amplifier A2QL.

16535. Audio smplifiers A2QLh, A2Q5 provide a peint for sampling the sudio signal to develop
the AGC end slso provides isovlstion between the AGC loop (A2CHZ2 through ASCRS, ASQ6, ASQ1)
and the audio amplifiers (A2Q2, A2Q3) to prevent distortion from the full wave rectifier
elreult from feeding back into mmplifier A2Q3. The amplified ocutput from the eollectors of
smplifier AZ2QL and A2Q5 i1s developed across the primary of transformer A2T1. The output
from amnplifier A2Q5, which is developed across the unbypassed portion of the emitter load
(resistor AZR28), is ecoupled by capacitors A2C33 end A2C16 to the base of AF amplifier AZQS8.
Transformer A2T1 couples the output from amplifiers A2Qh snd A2QS5 to a full-wave rectifier
circuit consieting of diodes A2CRZ through A2CRS. The resulting DC voltage is filtered by
capacitor AZCS and apclied to the base of AGC DO amplifier A2Q6. Resistors APRZ1 asnd APR2D
and thermistor A2R5L form a temperasture-compensated load for transformer ASTY to maintain
the input to the full-wave rectifier at a nearly constant level regerdless of variations in
tempersture. AGC DC amplifier A2QS raises the current level of the DO signal. The cutput
Trom AGC DC emplifier A2Q6 is filtered by capscitor A20L and is applied to the base of
transmit sudio sttemustor A2¢1. As the sudio input level st the AUDIO connectors increases,
the collector-to-emitter resistance of transmit sudio sttenustor A42Q1 increases. Therefors,
thig varliable shunt resistence maintaine the audie output from sudioc smplifier ASQ3 at a
nearly constent level, regsrdless of the fluctuastions of 1nput level at the AUDIO connectors.

154 . During CW operation, 20 volts de is applied to pin 13 of connector Ji. This voltage
is applied to the center tap on the secondsry of transformer AZT1, heavily forward blasing
dicdes AZCRZ &nd APCR3, thus biasing AGC DC amplifier A2Q6 into saturation. This is turn
blases tranemit sudic sttenuator A2Q1 into saturstion. Therefore, the variable voltage
divider will provide meximum attenuation to eny inputs from the miercophones, thereby mini-
mizing leskage into sudlo amplifiers A2Q2 and A2Q3. Figure 19 provides a eimplified block
diagram of the audio section of the Trensmitter IF and Audio Subassenmbly.
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Fla 19 - BLOCK DIAGRAM OF AUDIO SECTION OF THE TRANSMITTER IF AND AUDIO ASSEMBLY
Esying Cirouitry Inoluding Voe Operation (JFig 1015)

155. The primsry keying of the Receliver-Transmitter and the Power Amplifier is accomp—
lished in this subassembly. In Vox operation the transmitter keying is initiated by voice
gignals into the microphone. BSome of the sudic from the speech amplifier is amplified and
rectified, and the resultent DC signal is used to activate the required relays to key the
trensmitter. Thus the transmitter is on at any and all times that the oporator is specking
but is off during the intervals between sentences. The volce-controlled eireuit must have
a Bmell amount of "hold" built into 1t, so thet it will held in between vords, but 1t should
turn on repidly st the slightest volee signsl coming through the speceh amplifier. When
the radic set is belng opersted in the S8B or AM modes of operation, it can be keyed by
three possible methods: PUSH TO VOX, FUSH TO TALK, or VOX, as determined by the VOX switch
on the RT-662/GRC front panel. During the CW or FBK modes of operation, the keying is
secomplished using the key, KY-116/U and redicteletypewriter terminal eguipuent, respec-
tively. During both CW and FSE operation, the VOX switch is disabled.

156. The emitter output from saudio smplifier AZQ5 is ralsed in level by AF amplifier
AZQA and developed across collector load resistor AZR38. Collector-to-base feedback is
produced and base bias supplied by resistor AZR33 to improve the stabllity and minimize the
distortion of audic amplifier A2G2. The output from amnplifier A2QS 1s coupled by capacitor
A2C2% to the base of VOX detector A2Q9. The level of the applied signal is set by resistor
AZBU1, which determines the VOX threshold (minimum voice level which will initiate the VOX
keying function). Capacitor A2C24 is a bypess for frequencies sbove the range of maximum
volce energy (spproximstely LOO-600 e¢/s). In VOX operstion, a ground is applied through
the BERVICE SELECTOR and VOX switches on the RT-662/GRC front pasnel to pin 27 of connector
e This ground is applied to the emitter of VOX detector AZ{9, removing the back blas
developed Ty resistors AZRLF and AZRLL. Therefore, the volece input signals sbeove the VOX
threshold bias VOX detector A2QY on, causing it to go into ecturation. This provides a low
impedance discharge path for ¢apacitor A2C25 (through the small collector-to-emitter
resistence of VOX detector A2QY9) to initiate the VOX keying function. Initislly, and when-
gver volee is not being transmitted, the 27 volts de, which is regulated to 20 volts de by
gener diode ASVR3, will forward blas VOX switeh A2¢10. Therefore, cspacitor A2C25 charges,
the emitter voltsge of VOX ewitech A2Q10 will inerease until it is of suffiecient level to
cause 12 volt gener dicde AZVRL to conduct. At this time, slightly less than 13 wvolts DC
is present on both the emitter and base, preventing VOX switeh A-Q10 from condueting. When
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12-volt zmener diode AZVRY is conducting, tramsmit-receive switeh AZQ11 will be forward
biased, causing the collector wvoltage to drop and prevent 12-volt =zener diode AZVRS from
conducting. Therefore, transmit-receive ewitch @1 will be off. This prevents the colls
of relays 1A1E1, 1A1K3, 141EL, and 1A1ES from having a path to ground; therefore, the
relays will renain de-energized. When the voiee level applied to VOX detector A2Q5, exceeds
the VOX threshold, VOX detector AZQY9 conducte. This allows cepacitor A2CZ25 to discharge
through the emall collector-to-emitter resistence of A2Q9, forwerd biasing VOX switch A2Q10.
{The emitter has been at spproximately 13 volts). A8 AZQ10 conducts, the emitter voltage
will drop and prevent gener diode A2VREL from ogpnducting. This will cut off tranemit-recelve
gwlitech 4A2Q11, causing the collector voltege to rise toward 20 volts DO and cause 12-volt
gener diode AZVRS to conduct. This forward biases transmit-receive switch §1, effectively
placing the collector-to-emitter resistsnce at ground due to its lower reslsgtance. This
ground is applied through diode AZ0R18 to pin 31 of connector J1, from which it ie applied
to relays 1A1E1, 1A1E3, 1A1E4, end 1A1ES to energize ther and place the ET-662/GRC in trens-
mit condition. Thie ground is also applied to pin 32 of connector J1 for applleatlion to the
AM-3349/GRC-106 to initiate the keying funetions. Zener diode AZVE2 prevents transients,
produced by de-energizing relays 141K1, 1A1K3, 1A1EL, and 1A1K5, from being spplied to the
collector of transmit-receive switch Q1. The radio set will remsain keyed for 500 milli-
peconds after the cessation of speech. This hang time is provided to prevent pasuses in
normal speech from repestedly keying and unkeying the redioc set. The hang time is the time
reguired for capecitor A2C25 to recharge through vox ewitch A2Q10to the point where VOX
gwitch AZ2Q10 ecute off, Fig 20 ieg a block disgram of the VOX eclircuitry.

157« FUSH TO VOX: The segquence of operstion for FUBH to VOX operation is the ssme as
that for VOX operation, with the following exception. Fin 27 of connector 41 is at ground
only when the push-to-telk switeh on the Handset H-33/PT or Microphone M=-29/U0 is depressed,
rather than the permenent ground applied during VOX opersation. Voltage divider AZEE;,
AZRLL reverse bimses switeh A2Q9, preventing the volce from keylng the radio set until the
push-to-talk switch is depressed. When the push-to-talk ewitch is releaged, there is no
hang time.

158, PUSH TO TALK: When operating in push to talk, a ground is applied to pin 29 of
gonnector J1 easch time the push-to=-talk switch on the Handset H-33 or Microphone M-29/0
is depressed. This ground ie applied to the base of transmit-receive switch A=2Q11, turning
it off. The voltage on the collector of tranemit-receive switch AZQ11 tries to approach
20 volte de, ceusing 12-volt zener dicde AZVRS to conduet. Therefore, trensmit-receive
gwiteh @1 will be turned on to initiste the keying functions each time the push-to-talk
switeh on the M-29/U or H-33/FT is depressed.

159. CW and FEK When operating in the CW or F8E modes of operation, the front panel
VOX ewitch ie disabled., The SERVICE BELECTOR switeh mpplies a ground to pin 22 of commector
J1. This ground is applied through diode ASCRY to the base of A2Q8 and through diode A20RE
to its collector, thus cutting it off. This prevents any audlo from being spplied to VOX
detector A2Q9. In OW operation, the Key EY-116/U places a ground at pin 30 of connector J1
each time the key is depressed. This ground is applied to the base of VOX switch A2Q10
through diode AZCR11. Therefore, capacitor ASCZ25 will discharge through the small forward
registance of diode AZC0R11 to turn on VOX ewitch A2Q10. The radioc set is then keyed as
previously explained. At the termination of the message, the radio set will remain keyed
for spproximately 500 milliseconds. Thie hang time is provided to prevent the radio set
from golng intoc receive operation during & normal message pause. In FBE operation, ground
is epplied to pin 29 of connector J1 by the radioteletypewriter terminal equipment. The
keying then accomplished in the same way as for push-to-talk operation.

2 K0 Generator (fig 1015)

160, In the AN/QRC-106 system, the trensmitted CW signal is slweys 2 ke higher in
frequency than the indicsted fregquency on the frequency setting contreol of the RT-662/GRC.
The CW key is used to key the circuitry of the 2 ke generator in the Tranemitter IF and
fudio subassembly. This 2 ke signal is then applied to the balanced modulator where an
upper side band of 1.752 Mc is crested. Thie fregquency is then converted &s usual to any
RF frequency hetween 2 and 30 Me.

161. In the receive mode the incoming signel will be translated down in fregquency to an
IF freguency of 1.752 Me. In the product detector an injected carrier of 1.752 Me is used.
S8ince this injected carrisr can be veried by the operstor over a emall range, the tone of
the received CW signal csn be varied to suit the individual operstor. The 2 ke signel is
?gi?:& %‘::I'r:-m a frequency spectrum avalleble in the Preguency Divider Subasserbly 146.

g
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162. The 1-kc¢ spectrum output from frequency dvider module 1A6 is applied to comnsctor
J1Al. In the absence of ground at pin 30 of connector J1, the 20 volts do causes 3.3-volt
zener diode AZVEY to conduct, forward blasing 1 ke pulee switch A2Q12. 8inece 1-ke pulee
gwitch A2Q12 is conducting, except when the key EY-166,/U is depressed (ground on pin 30 of
eonnector J1), the 1-ke pulee input will be sttemusted by the small collector-to-—emitter
resistance of i-kc pulse ewitch A2Q12. When the key EY-116/U0 is depressed, ground is
gpplied to pin 30 of connector P1. This ground is applied to the cathode of dicde A2CR20,
ceusing it to conduet and reduce the 20 volts de supply voltage below the firing point of
3.3=volt Zener diode A2VEi. Therefore, when the key EY-116/0 is depressed, 1-kec¢ pulse
gwitch A2Q12 becomes non-conducting and the 1-kec pulse lnput will be allowed to pase to the
triple section filter.

163 . The triple section filter is tuned to pass only the second harmonie of the 1-ke
pulee input. This 2-kc signal is applied to the base of COW 2-ke ewlteh A2Q7. During OW
operstion, the SERVICE SELECTOR ewltch mprlies a ground to pin 14 of connector J1. This
ground is applied to the cathode of dlode A2CRE, completing the emitter circult for CW 2-ke
ewltech A2Q7 which raiees the level of the 2-kc¢ signal and develops the resulting output
acrogs collector load resistor AZRZ7. Resistor AZR8 is used to provide collector-to—base
feedback to improve the stebility and minimige the digtortion of OW 2-ke swltch A2Q7 as
wall as being the base blae resistor. A small emount of degeneration is provided by the
untypassed, small forward, resistsnce of diode A2CRE to lmprove the stabllity of CW 2-ke
swltch A2Q7. The output from CW 2-ke ewlteh APQT7 1s coupled by capacitor A20T to the base
of AF amplifier A2QZ. Cepacitor AZCZ and resistors AZE15 and AZR16 forn an equaliszing
network to keep the 2-kc tone at the same level as the volee input. The 2-ke tone enters
the regular sudio channel at the base coupling cepacitor AZCT.

Internal Automatic Level Control Oirouttry (fig 1013)

164 . The Internal ALC subassesbly is loeated in the chassie. Ite funetion ie to provide
control slgnale to the FPO and APC circuits in the Tranemitter IF subassenbly whenever the
Power Amplifier AM-3349/GRC-106 is not being used. The internal ALC producesg a DO output
correspondi to the pesk voltage output from the ETP-662/0RC. The normal sutomatie level
control (ALC) eignele from the AM-3345/GRO-106 override the signals from this subassembly
when normal eystem operation is used.

165. The cutput from the BEF Amplifier (in the transmit mode) 1s applied to capacitor Ci.
Ddode CR1 detects the poeitive envelope of the excitation signal. Inductance L1 and capaci-
tore 02 and C4 filter the cutput from CR1. This DO signal is coupled to emitter follower
@l. @1 presents & high impedence scross the detector and filter to prevent loading of this
circuit. Its low impedance output is further rlltered by inductance L3 and capacitors C6
and C7. This DO control signel is applied to diodes A3SCRY4 and ASCRE in the Transmitter IF
and Audic subassenbly. When no elgnals from the ALC in the Power Amplifier AM-3349/GRC-106
are present, these diocdes will not be back blased. Therefore, the internal ALC control
gignals will be spplied to the normal FPC and APC circults.

THE FREQUENOY DIVIDEE AND SFECTRUM GENERATOR 1A6 (Fige 1016 and 1017)

General

166. The fregquency divider snd spectrum generator subassembly contains the frequency
dividers and spectrum generators reguired to produce reference fregquencles which are used
within the freguency sgynthesizers.

Cirguit Descoription Jor the Divider and Spectrum Generator Subaasembly

167. This subasserbly produces several fregquency spectrumse required by the synthesiser
subaseerblies. It also produces the 1.75 Mc IF signal used by eseveral other subassembllies.

100-ko Divider and Spsotrum Generator

168, The function of the 100-ke divider and spectrum generator 1e to provide the spectrum
of freguencies reguired in the 100-ke Byntheslzer subassembly. This cirecuit also triggers
the 10-ke divider elreuit. (fig 1016) The input to the 100-ke divider circuit is the 500-ke
outrut from freguency standerd module 1A5. This sinusoidal eignal is applied to sutotrans-
former A1T1, where it ie stepped up and coupled by capacitor A104 to the base of pulse
ehaper A1G1. The negative portione of the 500-kc signsl are of sufficient magnitude to
drive pulse shaper A141 into saturation. This results in the collector of pulee shapar A1Q1
being effectively switched between zero and the supply voltege level. Dilode A1CR1 provides
temperature compensation for pulse shaper A1Q1 and aids in the shaping of the output pulses.
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The positive pulsed cutput from pulee sheper A1Q! ig differentisted by capacitor A1C5 and
the input impedance of astable multivibrator A1GQ2, A1Q3.

169, Multivibrator A1Q2, A1Q3 is an astable (free running) multivibrator until synchro-
nized by the 500-ke trigger pulses. Assums that a positive trigger pulee in applied to the
base of transistor A1Q2 and that both transistors A1Q2 end A1Q3 are cut off. The collector
of transistor A1Q2 and the base of transistor A1Q3 are at the supply voltage level (7.5
volts de) st this time. The input pulse will forward blas transistor A1Q2, csusing it to
ponduct. The resulting collector current develops a yoltage drop across resistor A1RL,
decreasing the base bias of transistor A1Q3. &ince the emitter of transistor A1Q3 is &l the
supply voltage level, trensistor A1Q3 will be forward biased and conduct. This ceuses the
collector of transistor A1Q3 to go from gerc to approximately 6.5 volts de. (The 1-volt
voltage drop will be caused by the emall forward resletance of diode AICE3 eand the enitter-
to-collector resistsnce of transistor A1Q3.) The base bias voltege divider for transistor
A1Q2 (resistors A1R5, A1R6, AIR7) will now have 6.5 volts de (transistor A1Q3 collector
voltege) on ons end and the T7.5-volts de supply on the other end., This causes transistor
4192 to go to and be held at saturation. Capacitor A1CT7 now charges through two paths. COne
peth ie through resistor A1R21, transistor A1Q2, and resistor A1RlYy. The other path 1g
through resistor ARS8, transistor A1Q3, snd diode A1CR3. 4As the charge on capscitor A1C7
incresses, the emitter bias on trensistor A1Q2 increases, decreasing the forward blas. This
reduces the collector current of transistor A142, csusing the collector to go poeltive.
Therefore, the bage blas on transistor A1Q3 will go positive, decreasing the forward blas.
This decresses the collector current of transistor A1Q3, decreasing the amount of blaes
spplied to the base of transistor A1Q2 by base bims voltage divider AR5, A1R6, A1RT. This
further reduces the forward biss of transistor A142. The resulting regeneratlon brings
tranelstore A1Q2 and A1Q3 out of ssturstion and comtimues until they are btoth cut off.
Capacitor A107 now sterts to discharge through reeistors AIR10, A1R3, and ARS8, During the
gtert of the dlscharge period, the trigger pulees are still spplied to the base of tran-
sletor A1Q2, but are not of sufficient megnitude to turn it on. When transistors A1Q2 and
A1GQ3 are cut off, the base bims on transistor A1G2 15 determined by voltage divider A1R5,
ARG, A1R7, A1R9, A1E10. The emitter voltage is the charge on capacitor A1C7, Therefore,
gapacitor A107 has to discharge to such a value that when a positlve irigger pulse is
gpplied to the base of transistor A1Q2, it starts to conduct. The time congtant of the RC
network coneisting of cepacitor AICT and reeistors A1RS, A1R9, AIR10 is fixed such that
resigtor A1R5S can be adjusted to set the blas on the base of transistor A1Q2 to allow every
fifth pulee, after the initiel trigger pulse, to turn transistor A1Q2 on. When this ocecurs,
the collector voltage on transietor A1Q2 will egain decrease, and the regeneration process
will be repested. Thus, the process of regeneration oceurs before the natural periocd has
been completed as a result of the application of every fifth trigger to the base of iran-
pistor A1Q2. This results in an output (at the collector of transistor A1Q3) that ie
exactly one-fifth of the input trigger pulse rate. The resulting 100-ke signal present at
the collector of trensistor A1Q3 ie applied to the 10-ke divider cirecuit. Capacitor AICI0
prevents sny degenerstion from occurring in the circuit as a result of the small forward
reslsgtance of diode A1CR5. OCepacitor A1C8 epeeds up the aspplication of the rulses from the
gollector of transistor A1Q3 to base of treneistor A1g2. The 100=ke pulsed output from
transistor A1Q3 is developed acroee voltage divider A1EY9, A1E10, and is coupled by capacitor
A1C11 to the base of pulee amplifier A1QL. Pulse smplifier A1QL and keyed cscillator AIQS
form a keyed oseillastor circuit that will produce s simusoidal burst (spectrum) of fre-
guencies. During the off-time of asstsble multivibrator A1Q2, A14Q3, pulse amplifier A1QY is
forward bissed and conducts to sasturation. When pulse amplifier A1Q4 is conducting, the
erall emitter-to-collector resistence will heavily load the tank cireuit (capscitor A1C13
and the primary of transformer A1T2) of keyed oseillator A1Q5, preventing regemeration.

When a positive pulee is coupled to the base of pulse amplifier A1QL4, it will become reverse
biased end cut off for the duration of the pulse. This rewmoves the load from the tank
gircuit of cscillator A1Q5, permitiing it to oeecillate at its natursel freguency. Resistor
AR16 helps turn off keyed osclllator A1Q5 by increasing the wvoltage on the collector of
keyed osellletor A1Q5 when pulee emplifier A1Qh ie conducting at saturetion. When the load
ereated by the conduction of pulee amplifier A1Q4 is removed from the tenk eircuit of keyed
oseillstor A145, the tank circult will produce a simusoidal burst of frequencies. This
results in a spectrum of frequencies between 15.3 and 16.2 Me centered around the free
running fregquency of osclllator A1Q5. Thie fregquency epectrum is coupled by transformer
ATZ2 to connector JiA-AlL for applieation to 100-ke synthesizer module 142.

10-ke Divider and Spectrum Generator
170. The function of the 10-ke divider and spectrum generstor is to produce ome of the
spectrums required in the 10- and 1=-ke Synthesizer subassenbly. This ecircuit also produces

the trigger puleses for the 1-ke¢ divider, the 1.75 Mc generator and the vernier frequency
Tunetion.
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The input to the 10-ke divider eircuit i1e the 100-ke triggering pulee from the 100-ke
divider eircult. Thie puleed slgnal is differentisted by capacitor A2C2 and the input
impedance of bistable multivibrator A2Q1, A2Q2. Eistable multivibrator A2Q1, A2Q2 produces
one ocutput pulse for every two input pulses. The positive pulees are directed to the satu-
rated transistor of mltivibrator A2Q1, A2Q2? by steering diodes APCR1 and AZCEZ. This turns
off the saturated transistor and sterts the required regensrative process. Reslstor AZR2
references the anodes of steering diodes A2CR1 and A2CRZ2 st the same potentlal as the
emltters of transistors A2Q1 end A2Q2 and provides the return path for capacitor AZCZ2. The
resulting 50-ke pulsed cutput is developed across voltage divider APR6, APR9 and is coupled
by capacitor A2011 to the 1.75-Me generstor. The 50-ke pulsed ocutput from bistable multi-
vibrator A2Q1, A2Q2 is also developed mcross reslestor AZR10 and is applied to astable malti-
vibrator A2Q3, A2QL.

171, The 50-ke puleed signal is differentiated by capacitor AZC6 and the input impedance
of astable multivibrator A2Q3, A2Q4. Astsble multivibretor A2Q3, A2Q4 functions the same

as astable multivibrator A1Q2, A2Q3 previously described, to produce a 10-ke pulsed ocutput
soross voltage divider ASR16, AZR17. This 10-ke puleed output is applied to the 1-ke divider
cireuit and is coupled by capacltor A2020 to the base of pulse amplifier A2Q7.

172, When the FREQ. VEENIER control is at OFF, pulse emplifier A2Q7 (fig 1017) and keyed
osclllator A2Q8 function as a keyed oscillator in the same manner as pulse amplifier A1QL
and keyed opelllator A2QS, previously described. This elrcult produces & spectrum of fre-
quencies between 2,48 and 2,57 Mo, which are separated by the 10=-ke keying rate. The spec-
trum output from the keyed ceelllator is coufled by transformer A2T3 to comnector J1B-A1 for
application to 10- and 1-ke gyntheslzer module {1AL.

175 When the FREQ. VERRIER control 1e in an ON position, keyed cescilletor A2Q8 functions
a8 an amplifier. The feedback psth for keyed oscillator A2Q8 is through transformer AZT3,
capacitor A2C25, diode A2CR8, snd cepacitor A2C27. When the FREQ. VERNIER control ie pleced
in an on position, 20 volte dec is applied through pin 1 of connector J1A via decoupling
component s AZL3, APRLO, and resistor APR37 to the snode of diode switch APCRY. This will
forward bilas diode A2CRY, applying approximately 15 wolte de to the cathode of diode AZCRB.
8ince the anode blae on diode AZCRS is only 9 volte de (as deterpined by voltage divider
AZR31, APEUL, AZR33), diode APORE will be reverse bissed. This will then block the feedback
path of keyed oselllator (amplifier) A2Q8, preventing it from functioning as an oseillator.
The cutput from cseillator A2¢9 will then be gated to the keyed cscillator (amplifier) AZGS
by pulse amplifier A2Q7 at the 10-ke keying rate. The resonant circult for oscillator A2QD
conslets of 2.53-Me crystal AZY2, inductor AZLZ, and voltage variable capacitor (VVC) AZCR10.
The center point for VVC A2CR10 is set by the dec voltege level established by the tempersture
conpensated voltage divider AZHELT, ASRS0, APRLE, APB43, APRLS, and the FREQ. VERKIER control
on the HT-662/GRC front pasnel. Reslgtor APRLS provides sdjustment to compensste for differ-
ence in the voltsge variable capacitors used, The wiper of the FREQ. VERNIER control is
connected to pin 2 of connector J1A, and one end of the control is comnected to pin L of
connector J1A. The other end of the FREQ. VERNIER control goes through a temperature com-
pensating network to 20 volts de. This mllowe the voltage at pin 2 of connector J14A to be
varied sbove and below the reference polnt established by the 20 volts de on pin 1 of con-
nector J1A. Therefore, the rescnance of the tank cireuit may be verled plus or minus 600
e/8. Blnce the capacity of a VVC varies non-linesrly with voltage, resistor APRL3 ig placed
from the wiper to one end of the FREG. VERNIER control to mske it non-linear. The velue of
resistor AZBL3 is chosen to esteblish non-linearity in the FREQ. VERNIER. Therefore, the
nop-linear yvoltage scroses resistors ASENY end APRL3 and the FREQ. VERNIER control will com-
penpate for the non-linearity of VVO A2CR10, Reeistor APRL2 is an isolating resistor. Base
blag for oseillator A2Q9 is esteblished by voltage divider ASR39, AZRU1. Cepscitors AZCZ28
and A2C30 form the reasctive voltege divider for the feedback required to sustain oscillations
in ogelillator A2Q9. Capacitor ASC30 ie a temperature compensating ecapacitor. Resistor
AZB3E 1g the emitter current limiting resistor. The 2.53-Mc plus or ninus 600 e/s ocutput
from oscillator A2Q9 is coupled by capacitor A2C29 to the snode of diode AZCR9. Sinece diode
AZCRY 1p forward bimeed in the vernier condition, the output from oseillator A2Q9 is coupled
by capacitor A2C27 to the base of keyed oscillator (amplifier) APQ8. Pulse amplifier AZQT
will gate thie signal through keyed oscillator (amplifier) AZQS st the 10-ke keying rate.
This will produce the desired 2.48- to 2.57-Mc spectrum. The spectrum pointe which are
separsted exactly by the 10-kc keying rate are variable plus or minus 600 o/s, depending on
the setting of the FREQ. VEENIER control. The collector of pulse amplifier A2Q7 is switched
between O and 20 volts de by the gynchronizing slgnal. This switching eignal is applied to
the manodes of diodes AZCR5 and APCR6. Diode ASCRT alwaye hag 20 volts do applied to its
anode. The potential difference between anode and cathode of this reference diode (A2CRT)
is a,gm'nximtﬁw 1 volt de. When the switching voltage is at gero volts, diodes A2CRS and
AZCBE will be reverse blased and diode AZCR7 will be forward biased, placing the tap of
transformer AZT3 at ac ground potentiml. When the switching voltage 1s at 20 volts de,
dicdes A2CR5 snd A2CE6 will be forward bilesed snd diode A2CRT will be reverse blased,
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Diodss AZCR5 and AZCRS (when forward bilased) effectively place en ac short across the tank
cirecuit while diode APCR7 removes the ground at the tap of transformer AZT5. Therefore,
diode A2CR7, in econjunction with diocdes AZCRS and A2CRE, prevent ringing in the tank eircuit
as a repult of the effective ewitching of the ac short.

The 1-ko Divider Oitrouit (Fig 1017)

17k, The function of the 1-ko divider ecircuit is to produce the 1=ke¢ pulse to be used in
the 10- and 1=ke Syntheslzer subassembly. The circuit aleo produces the 1-ke pulee re-
quired in the Transmitter IF and AUDIO subassembly for CW keying. The input to the 1-kec
divider circult 1s the 10=kec triggering pulse from the 10=kc divider egircuit. The pulsed
glgnal 1s differentisted by cepacitor A3CZ and the input impedance of bistable multivibrator
A3Q1, A3Q2., BPBistable multivibraetor A3Q1, A3Q2 functioms exactly like bilstable maultivibrator
A2Q1, ap previously described, to divide the 10-kec puleed input by two. The 5-ke pulsed
output from bisteble multivibrator A3Q1, A3Q2 is differentisted by capacitor A306 and the
input impedance of &steble multivibrator A3Q5, A3QL. Asteble multivibrator A3QS, ASQL
Tunetions exactly like sstable multivibretor A1Q2, A1QS, previously described, by dividing
the 5=ke puleed signal by five, The resulting i-kc muleed output contains the required 21
to 30-ke harmonies that are used in the 10- and 1-ke syntheslzer module 1A4. This 1s app-
lied to 10- and 1-kec gyntheslzer module 1AL through connector JiA~A1. The 1-ke pulee output
ig algi applied through resistor ATR18 to connector JiA-AZ to the 2-ke generator for ow
opara OIla

The 1.75-Mo Generator (fig 1016)

175. The funetion of the 1.75-Mc generstor is to produce the 1.75-Mc local carrier for
uge in the Trensmitter IF and Audioc subassembly and the Beceiver IF subassembly .

176. The input to the 1.75-Mec generstor is the 50-kc pulsed cutput from the 10-ke divider
cireuit. This slgnal is applied to a keyed oselllator ecilrcult conslsting of pulse amplifier
A2Q5 and keyed oscillstor A2Q6. This keyed oseillator eireuit funectione exsctly like the
keyed oscilletor circuilt in the 100-kc divider circuit (A1Q4 and A1Q5) to produce & gpectrum
of frequencies centered around 1.75 Me, which are sepsrated by the 50-ke keying rate. The
keying pulse synchronizes the 1.75-Me free running frequency of oscillator APQS, ensuring
that the exact 1.75-Mec cutput is always present 1n the gpectrum. The spectrum output from
the keyed oselillator circuit is filtered by crystal AZY1, asllowing only the 1.75-Me spectrum
point to be developed across the tank eircult consisting of capacitor A2019 end the primary
of transformer A2TZ. OCapacitor A2016 provides & means of edjusting the series impedance to
the applied spectrum and, thereby, the amplitude of the spectrum. The eireuit consisting of
crystal AZY1, capacitors A2C18 and APC19, and transformer ASTZ forme a filter for the 1.75-
Mc signel. Capacitor A2C1Y is adjusted so that the impedesnce of cepacitor A2C18 and the
bottom helf of the primary of transformer AZTZ equale the impedance of the holder capacitance
of erystel AZY1 and the upper half of the primary of transformer AZT2. Therefore, the 50-
ke puleed signal, which is developed across the two halves of the primary of transformer
AZT2, will be of the same emplitude, but 180 degrees out of phase with each other. This
prevents eny slgnal except the desired one from appearing in the 1.75-Mec output.

THE TEANSLATOR-SYNTHESIEER CROCESS
GFeneral

177 - The purpose of the synthesizers ie to produce digitally selected frequencles corre-
sponding to the desired chamnel injections. These are the injection rraquangies into the RF
tranglator circuitry which was explained previously. The injection frequencies from the
gynthesizers mist be free from epurious signals, and must reflect the accurecy and stability
of the master frequency standard. Becsuse the fregquency scheme lends iteself to digital fre-
quency selection the synthesizer outputs for the megeeyele, 100 ke, 10 ko, and 1 ke injection
frequencies can be considered separstely. Submodulsr srrangemsnt permits the shielding of
frequencies in the syntheslzer process that must be isolsted from the other portions of the
receiver-trensmitter.

178, Fig 22 ie an oversll bleck diagram of the translator-synthesizer arrgngement. The
translator portion ie at the top of the disgram. It should be noted that the injection
frequencies are the same in trensmit as in the receive modes and that the only difference is
in the order in which the conversions are made are in the translator itself. The arrows in
this portion of the block disgreu show the receive signal path. Reversal of the errows will
indicate the transwmit signel path.
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The MO Sinthealser 149

179. The purpose of the MC Synthesizer is to furnleh injection frequencies to the trans-
lstor subasssembly in order to perform the converelon for the megacycle digite of the selec-
ted RF frequency. Fig 23 is & block diegrem of the MC gynthesizer.
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Error Cormeotion in the MJ Synthesiser

180. The ecrystals used in the MC Syntheslzer Bubassembly sare off the shelf items and
their errors are always on the low side in freguency. A phase lock ecircuit is used to pull
the cryetale into agreement with the freguency standerds.

181. The purpose of the MC synthesizer electronlc subsssembly is to furnish the proper
frequencies to the RF translator in order to perform the first of three converslomns in
translating the incoming RF signalse to the 1.75 Me eignal. (In the trenewit mode this come
verslon becomes the third, since the order ie reversed and the 1.75 Mec IF plgnal is con—
verted to sny one of 28,000 RF frequenclies).

182, Beventeen looese tolerance crystals are used and are ewltched into the oselllator
elreult according to the setting of the freguency control unit. Binee some crystals are
uged two or three times to produce the proper frequencles, only seventeen are required to
cover the 28 megacyele digits. BSinece this synthesizer contributes directly to the tuning
of the recelver-transmitter, a high degree of frequency stability is remired. The error of
the erystale 1s alwsys on the low frequency side, so that & phase logk arrangement can pull
the erystal frequencies into agreement with the frequency standsrd. The crystal selection
gwitech i8 driven by the same motor gear gystem used for the RF Amplifier turret.

183. A locked eryestal opseillator ig ueged for theee injections. This method removes
many of the major disadvantages of A closed loop aystem. It permits digltal ewitching with-
out a "ounting™ oscillator cepsble of felse locking. 8inee the oselillator le crystal con-
trolled, the maximum error of the cscillator, under unlocked conditions, is ecrystal toler-—
gnce, This ensures that, in case of catastrophlie fallure of the phase locking eircuilt, the
recelved or tranemitted signals will be within the allotted channel, although not at the
precipe frequency desired, and communications cen still be malntained.

184. The control loop functions as follows. For explanstion, sssume that the 1645 Me
erystal ie locked to the standard fréeguency. A 1 Me eignal obtalned by frequency
divieion in the fregquency standard subapsembly 1s converted to a demped exponential pulse
which contains a relatively flat spectrum between 1 and 25 Mg, This spectrum is applied to
a mixer, where it is mixed with the 16.5 Me crystal osclllator silgnael. The erystal error
ie approximately 0.01 percent lower then the desired locked freguencys.

185. Asguming that the free running oscillator is at 16.498 Mg or 2 ke low, the osclll-
ator mixes with the 15.000 and 15.000 Me spectrum points and produces two ilntermedimte
fregquencies of 1498 and 1502 ke. These signals are amplified in the 1500 ko IF amplifier
and envelope detected. The detected DC volitage varying at a 4 ke rate (the difference
between the two IF frequencies of 1498 and 1500 ke) is applied to & variable capacity diode
with ite polarity such that 1t moves the freguency of the osclllator towards 16.500 Me. As
the fregquency corrects towards zero error, the 4 ke sudio frequency becomes lower in fre—
quency until it approaches zero. At this time the two 1500 ke IF eignale arrangs thelr
phaees in such & way thet just the correct amount of DO control voltege 18 present to maln-
tzin the oscillator at mero error. The crystsl 18 then locked to 16.500 Me with the
agcuracy of the frequency standard.

186, Any of the required MC injection frequencies between 2.5 and 23.5 Me can be selected
bty elmply ewitching the correet eryetal in the opelillator. 8ince ogelllator error is phase
corrected, trimmers and tuned colls are not required to adjust crystal frequency. DBecsuse
a flat megacycle spectrum is used for phage comparison, there is alweys a spectral point

1.5 Mc gbove and below the desired freguency. No tuning or selection of spectral points is
r:quii:d gnd & fizxed 1.5 Me IF le always used. Fig 24 is a block diagram of the phase lock
eircuit.

Cirouit Desoription of the Megaocyole Sunthesiser (fig 1018 and 1015)

187. The Megacycle Bynthesiger subassembly produces the injection freguencles between
2.5 and 23.5 Mc for injeetion inte the Translstor. This subessembly alsc produces the
HI/LO ewitching information for the 100 kc Synthesizer and the Translstor subassenblies.

Injeotion Fregquenoy Generation

188, The 2.5 to 23.5-Mc band of injection freguencies ig produced by osecillator A3Q1,
A3Q2. (fig 1019) The freguency cutput from oscillator A3Q1, A5Q2 im determined by one of
seventeen erystals (ALY1 through ALY1T7), which are sutomstieally ewitched into the cireult
by the digital tuning cilreuit according to the setting of the MC controls on the RT-662/0RC
fromt panel. Due to the wide range of frequencies used, it is necessary to ewitch a
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capacitor (ASC1 through ASC17) for each crystal into the feedback network in order to Pro-
duce & uniform cutput level. The selected capacitor and capacitor A3SCE form a reactive
voltage divider. The signal st the cutput of oscillator A3Q1, A3§2 is spplied back to this
divider through resistor A3R15 and thermistor ASR17. Thermistor A3R17 compensates the
amount of feedback as the temperature changes. The output from oseillstor AQ1, A342 is
limited to the forward voltage drop of dicdes ASCRZ and ASCR3. The output from oscillator
4361, A3Q2 is locked to the exact frequency regulred by voltage varieble capacitor (VVC)
ASCR1. The de control voltsge for VWG A3CRY is the output voltage from de anplifier APQ3.
Capacitor A3CH is a tempersture compensating capaeitor, providing compensstion for vari-
ationse in eryetal freguency as the tempersture verles. The output from oseillator A3G1,
A3Q2 is coupled by capacitor ASCE to isolation smplifier AZ2A1Q1 and emitter follower ASQS.
Emitter follower A3Q3 prevents the circuits of translator module 1AS fron loading the output
from oscillator A3Q1, ASQ2. The output from emitter follower AFQ3 18 coupled to JI1AZ
through cspacitor 09, resistor B135 and the parallel tuned eireuit C10 and L2. Thermistor
R18 and resistor R16 form a temperature compenesting network aerces reslstor R13. The
parallel tuned cireuit is resonsnt at 51Me. Thie reduces the sixth hermonic of the 8.5 Mc
cryetal to effectively eliminate spurious frequencies in the recelver-transmitter. A
further benefit from the use of these components 1s that the output of the module is much
flatter over the epan of frequencies generated by the 17 ecrystals.

The FPhase Look Loop

185. The phase lock loop is used to generste a de voltage proportional to the frequency
error of ogeillastor AJQ1, A3G2. This de voltage 1s applied to voltage varisble capacitor
A3CRY to keep the corystel oselllator locked to the frequency standard.

190. The 1-Mc output from frequeney standerd module 143 is applied t¢ connector J1Ai,
(fig 1015) from which it is applied through resistor AIRZ to sutotrensformer A1T1. Resistor
AlRZ prevente loading of the 1=-Me input signsl. The level of the 1-Mc eignal is reised by
gutotransformer A1T1, which is tuned to 1-Me by capacitor A1C1, and is applied to & clipper
circuit consisting of diode AICRZ and resistor A1R3. The posltive portion of the 1-Mc
glgnal is removed and the resulting negative pulses are coupled by caopaclitor A1C3 to the
base of pulse emplifier A1Q1. The negetive going pulses drive pulse amplifier AIQ1 into
saturation, producing a positive-going pulse with a fast rise time st the collector of pulse
amplifier A1Q1. If the baee of pulse amplifier A1Q1 attempts to go more positive than the
emitter, diode A1CR3 will become forward biassed. This clamps the base voltage, preventing
excesslve reverse bias on the-base-to-emitter Junction of pulse amplifier A1Q1. The posi-
tive pulsed output from pulee amplifier A1Q1 is ccupled by capacitor AiCh to the base of
pulee sheper A1G2, driving it into ssturstion. The positive pulsed input to pulse shaper
A1Q2 is differentiated by capaclitor A1CL and the input impedsmee to pulee shaper A1Q2.
Cepacitor A1C6 is used to compensate for freguency roll-off at the higher freguenecles and
mgintain & uniform spectrum ouiput Crom pulse shaper A1Q2. The negative pulsed cutput from
pulse shaper A41Q2 ia eoupled to the base of pulee shaper A1Q5 by capseitor A1CH8. The
negative puleged input to pulse shaper 4163 1s differentisted by capacitor A1CS and the input
impedsnee of pulse shaper A1Q3. The shape of the waveform is determined mainly by the vslue
of capacitor A1C6. Pulse shaper A143 is & claee C amplifier which produces a sharp ampli-
fied output pulse. Diode AICRL, like diode A1CR3, is used as a protective device to clamp
the positive portions of the input signal. The positive-going output signal is developed
scross induetor A1L4. The value of inductor A1L1 is chosen so that the cutput signsl will
have the correct bandwidth and smplitude to provide a spectrum of nearly uniform amplitude
from 1 to 25 Me. The negative protions of the output signsl are removed by the clipping
circuit, consisting of diode A1CR5 and resistor A{R17. The positive puleed output from
pulse shaper A1Q3 is coupled by capacitor AZ02 to the bsse of mixer AZQ.

191. The output fromw ceclllator A3Q1, A3Q2 is coupled by capspitor A2A1C1 to the input
of 1polation amplifier A2A1G1. The output of isolation amplifier AZAIQY 1= coupled by
capacltor AZC3 to the base of pixer A2Q1. Isolation anplifier APA1Q1 prevents any of the
rulsed output from pulse shaper A4Q3 from being fed back to oscillator A3Q4, A3Q2 and pro-
ducing unwanted spuriocus signals. The double-tuned cutput cireuit (transformer AZT{,
capacitor ASCE and transformsr ASTZ2, capacitor AZCE) for mixer AZQM is tuned to 4.5 Meo.
Therefore, the oseillator output will be subtractively mixed in mixer A2Q1 with those two
spectrun pointe of the pulged output from pulse shaper A1Q3 that will produoce two tones
close to 1.5 Me. This results in a two-tone output from mixer APQ1, the enveleope of which
is varying by twice the error of the ocutput from oscillator A3Q1, A5Q2. For exsmple, assume
that the input from osecillator A3ZQY, A2 should be 2.500000 Mc, but is 2.500900 Me E1GD
eyele error). This signal will be mixed with the 1-Mc snd 4-Me spectrum points, regulting
in two tonest 1.500040 Me and 1.459900 Me. Therefore, the envelope of the two tone signal
will be varying at a 200 cycle rate. The cutput from mixer A2QY is coupled by cspacitor
ACT to snother tuned eireuit (AZTZ2, AZCE), which in combinstion with the tuned cutput of
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mixer A2Q1, provides the selectivity required to attenuate all mixer products of mizer AZQ4
except those at or near 1.5 Mc. The output from this tuned elreult is coupled by capacitor
A2012 to the base of IF. amplifier A2Q2. A small amount of degenerstion, to stabilize the
gain of IF. amplifier A2Q2, is provided by the temperature compenssted network consisting

of resistor A2R{4 snd thermistor APE2{. The output from IF, amplifier A2Q2 ig developed
acrogs the tuned circuit consisting of capacltor A2C45 and the primary of transformer A2T3,
from which it is coupled to dicde A2CR4. Diode AZ2CR{ envelope detects the two-tone ocutput
from IF., amplifier A2Q2, Assuming the same error as before, the output from dicde A{1CR4
would be s DG level verying at 200 ¢/s. This signal is applied to the emitter of de ampli-
Tier A2Q5. The input level to do amplifier AZQ3 is set by resistor AZR{5. Thermlstor APR20
provides temperature compensaticn for the base and emitter biasing cireuits. The output
from de amplifier A2Q3 is applied to VVC A3CRY, & level determined by the amount of error of
the crystal. This output is & de level, which iz varied by the error (ac) voltage. The e
output of de emplifier A2Q35 varies the capacitance of VVC A3CE{ by varying the applied
voltage about the de reference, thus, sweeping the frequency of oselllator A3QY, A3Q2
aecordingly. $8ince the loop is closed, this sweep frequency will decrease with time due to
the decreage in the oseillstor error as it is swept. When the error signal has been re-
duced to one thet is within the pull-in capture range of the oseillator, the osecillator will
be locked exactly st the desired frequency. At this time, only the de level will be applied
to VWO ASCR1 to hold the oseillator in lock. If the phase of the oecillator begins to drift,
the dc reference on VVO A3CRY will shift acecordingly to hold the oscillator locked to the
i1-Me reference pignal., Inductance A3 L3 and capacitor A3 C2 form & series tuned circuit
resonant at 1.5 Me. Any 1.5 Mc signal still remaining on the DC control voltage is effec-
tively shunted to ground. Varicap CR{1 is beek blased by +20V through resistor R2.

HEI/LO Information

192, The HI/LO information is generated by switch A684C. (fig 1019) The position of the
ewltch 1s determined by the setting of the RT-662/GRC front panel MC controls. The MO digit
selected at the front panel determines whether a HI or LO cutput should be produced in ordepr
that the pre-determined mixing process can be satisfied. Either 20 volts de (LO) or ground
(HI) 18 applied to pins 1 and 2 of connector J1 by switch A681C. This information is
appllied to 100-ke synthesizer module 1A2 to select the correct band of frequencies and to
translator module {AB to select the corresponding filtering.

100 KO SYNTHESIEER 1AZ2
Feneral

193, The 100EC Synthesizer produces two sets of injection fregquencies. These are suto-
metically switched according to the fregquency echeme by the HI-LO band information BOUrce .
The unit aleo corrects the eryetal errors by a drift cancelling technique.

190 The 100EC Synthesizer produces the injection frequencies for the 100 EC digit con-
version. It corrects its own errors btut carries the errors of the {0-1 ke gynthesizer, as
part of & larger error correction loop. Block diagram fig 25 illustrates the beslc mystem
uged in the 100 ke synthesiger. The switching indiested i deons by diode gates or by
activating or deactiveting a portion of the circuitry.

100 E0 8yntheaiser Error Correction

195, A drift cencelling technique is uged in the 100 ko gynthesizer subassembly. Double
mixing cancels the error of the swltched erystal oseillstor as compared to the reference
frequency. This gystem eliminates locked osecillstors 8o thet fallures within the control
systen will not cause out of channel operation. The error correction system is presented by
an arithmetical exemple, assuming a cryetal error.

1964 Asgume thet the erystal in use is erystal Y40 for the diglt 9. If exactly correct,
thls crystal would be 5.453 Mc. Aseign an error of 250 cycles on the low freguency eids,
making the erystal 5.452750 Me. The only spectrum podnt, with which this erystel will mix
end produce a mixer product near 10.747 Mo, is 16.2 Me.

8peectrum point 16.200,000

Crystal g %E%.Iiﬁ btract e b
=F, Subtra

Mixer product 10. 250
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Filter AEP% (10.747 #+ eryetal errors)

10.747250

Mixer A3Q2

10 & lkc error signal +7:100000 Add
Mixer product 17.847250
Filter A3¥2 (17.847 & crystal error)

17.847250

¢ Balanced Mixer A{CR3
Cryetal +h 52750 Add
Injection Pregquency 5;.;35000

This injection freguency, for the digit 9, is exactly correct even though the erystsl was
in error by 250 cycles. This is brought sbout by the fact that the crystal frequency was
both subtracted and added in the computation, This would alsc have come out correctly had
the crystal been in error on the high frequency sids. This gystem will also work in high
band since this coperation merely adde 10 Mc which slready has the sccuracy of the freguency
gtandard.

197, Thieg emtomatic error cancellstlon acheme will mleo take place for small eryetal
frequency drift due to temperature. The accurscy will be the same as that of the freguency
gtanderd from which the spectrum point derived its accuracy. Hote that this arrangement
corrects only the errore due to the erystele in the 100 ke syntheslizer. It was assumed thet
the 7.1 Me additlion contained no errore. Actually the 7.1 me signal is carrying the com=-
bined errorse of the crystasls in the 10 and 41 ke syntheslizer. Thie error correction for the
10 and 1 ke synthesizer is detailed in the ecirecuit deseription of the relevant sectlons.

Fig 2t ig a block diagram illustreting the above error correction.

Jirouit Desoription of the 100 ko Synthesiser (figas 1020 and 1021)

198, The function of the 100 ke Byntheslzer Bubassembly is to produce two bands of fre-
quencies, in 100 ke inerements, for injection into the translator. One band includes the
frequencies, 22.4 to 23.3 Me, and the other includes the frequencles, 32.4 and 33.3 Mo.
Tnese iljll:lﬂﬂtiﬂn frequencies are necessary to perform the second conversion (trensmit and
receive).

Injection Freguenoy Generation

199, The 22.4 to 23.3 Mec band of frequencies is produced by mixing the output from the
switehed crystal oseillator AUGY (fig 1020) with a 17.847 Mc signal. This 17.847 Me signal
is produced by mixing the cutput from the switched crystel oscillator AhgY with a spectrum
polnt of the {00 ke spectrum from the freguency divider subasssembly 146. (fig 1046) The
resulting product is then mixed with the 7.4 Me and output from the 40 mnd 4 ke synthesizer
subassembly 1A4. (fig 1022) The 32,4 to 33.3 Mc band of frequencies is produced by mixing
the output from the switched erystal oscillator A4QY with & 27.847 Me signal. This 27.847
Me signal is produced by nixing the 17.847 Mc signal with a 10 Me frequency from the fre-
quency standsrd subsssembly 143. (fig 1002) 8witched crystal cscillator ALQY produces any
cne of ten frequencies between 4.553 and 5.453 Mec, in {00-kc steps. The frequency produced
iz determined by the selection of cne of ten crystsls (ALY through ALY{0). The crystsl is
selected using 10U-ke (XC) switch ALS1 on the front panel of the RT-662/GRC. The output
from oscillator A4GY 18 coupled by capacitor ALCH through resistor ASR20 to the emitter of
isolation amplifier AZAYQ4. This atgge ig a grounded base configuration. The cutput is
aleo fatad through dlode A1CRY or A{4CR2, (fig 1021) depending on the reguired band of fre-
guencles.

200. The gate (A1CRY or A1CR2) through which the output from osecillator ALQ1 paeses is
deternined by the HI/LO switching voltage. This voltage is dependent upon whether the HI or
LO band of injectlon freguencies is the regquired output from 400-ke syntheslzer {1A2. Zaer
dicde A3VR{ regulates the 20-volts de supply voltage to 40 volte de. This de voltage is
spplied to the anode of diode A1CR{1 and the cathode of dode A1CRZ2. When the LO band of
mixing frequencies is required, 20 volts de 1s spplied through current limiting resistors
A1RZ2 and A1R3 to the anode of dicde A{CRZ and the cathode of diode A{CR1. This will forward
bles dicde A1CR2 and reverse bias diode A1CR{. When the HI band of mixing frequencles is
required, ground is effectively applied to the ancde of diode A{CRZ2 and the cathode of dlode
#1CR1. This causes diode A1CRZ2 to be reverse biesed and diode A1CR{ to be forwerd bilssed.
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204 . When the HI band of mizing freguencies 1s required, dicde AJCR{ is forward blased,
gllowing the output from oscilletor A4YY to pass. This eignel is coupled by capacitor AJCL
to mizer A{CRL. Mixzer AYCRL conelgte of two matched beckward dicdes that form a balanced
eireult with the primary of transformer AiT41. These diodes are not used as zener dlcdes,
but ere used becsuse of thelr low forward conduction voltage. The output from oscilletor
Algy is mized with the 27.847 Me pignal which is applied to the center-tap of transformer
#1T4 (fig 410241) to produce a band of fregquencies between 32.4 and 33.3 Me. Mixer A{CRY4, due
to its balanced condition, will sttemuate the 27.847 Mc signal. Most of the output from
oecillator ALGY will be dropped seross the matched backwsrd diodes. The cutput from mixer
A4CRY is coupled through trensformer A4T4 and capacitor A{C7 to the base of amplifier A1Q1.
When the HI band of mixing freguencies is required, the ground present on the HI/LO control
line 1s applied to resistor AMRT, terminating it. The supply voltage 1e applied to resis-
tore A1E9 end A4R11. Therefore, the supply voltage wlll be developed across voltage divider
A1RT7, MBI to provide the proper biass for amplifier A1§4. When the LO band of wixing fre-
quencies is required, the HI/LO control line has 20 volts de on both ends, reveree biasing
emplifier A194. The mixing products from nmixer A{CRL sre ralsed in level by amplifier A4Q9
and are applied to & triple-tuned filter circuit. The triple-tuned filter cirecuit has a
passband from 32.4 to 33.3 Me, eliminating all harmonie end mixing products, except the
desired sdditive products. The output from the triple-tuned filter is eoupled by cepacitor
A4C22 to the base of amplifier A41Q3%. When the HI beand of mixing frequenciees is reguired,
the bapge blae voltage divider A{R20, A1R24 is terminated with the ground on the HI/LO con-
trol line. When the LO band of mixing frequencies is required, 20 volts de is present on
poth ende of the voltage divider to reverse blas smplifier A1Q3. A small amount of degener-
ation is provided by resistor AMRE2T to stebilize the operstion of amplifier A193. A trap
circuit is placed in the emitter cireguit of amplifier A{Q3 to elimineste any of the 27.847 Me
that was not cancelled out by balanced mixer A1CEL or asttenuated by the triple-tuned filter.
At 27.847 Me, trap elrecuit A1028, A11LL4 will provide inereased degeneration. The output from
emplifier A1Q3 is coupled to the base of wide band gmplifier A1Q5 through tuned transformer
ATT and capacitor A{4C3Z2.

202 . When the LO band of mixing frequencies is reguired, dicde A4YCRZ2 is forward blased,
allowing the output from oscillator AlG4 to pass. The LO band circuits are identical to the
HI band elreuits except for the switching voltages and freguencies that are ueed. Balanced
mixer AMMCR3 mixes the output from oselllator ALQY with the 47.847 Mc signal. The mixing
products are amplified by amplifier A492 and applied to a triple-tuned filter eireult which
has & pagsband from 22.4 to 23,3 Me. The 22.4 to 23.3 Me output from the triple-tuned cip-
cuit 1s raised in level by amplifier A1QL end applled to wideband smplifier A195. Amplifier
A1Q4 has a trap circuit in the emitter to attermate any 17.847 Me that was not cancelled out
by bpalanced mixer A1CR3 or attenuated by the triple-tuned filter. Amplifier A1G2 is turned
on when the LO band of mixing frequencles is reguired, by the presence of 20 volts de at
bese blas resistor AR5 and emitter resistor A{R40. When the HI band of mixing freguencies
le required, ground is applied to both ends of the voltage divider snd to emltter resistor
AR10, turning off emplifier A1Q2. When the LO bend of mixing fregueneles sre reguired, 20
volts de from the HI/LO control lime is applied to emitter load resistor AMER28 to forwsard
bias amplifier A1Q4. When the HI band of mixing frequencies is required, ground is applied
to the emitter resistor, reverse blasing amplifier A1Q4. Dlode A{CR5 protects amplifier
A1Qh from excessive bape-to-emitter (reveree) bias. This is dene in order to meintein the
reverse biss on the base-to-collector junction to prevent distortion of the input signal to
wide band amplifier A145 when the HI band peth is used.

203. Wide band smplifier A4Q5 raises the level of the 22,4 to 23.3 e or 32.4 to 33.3 Mc

Bignals. The output from widebsnd amplifier A{Q5 is ecoupled by cspscitor A204 to the base

of emitter followser A2Q1. Emitter follower AZQ! provides lmpedance matching between 100-ke

gyntheslzer module 1A2 and translator module 448. (fig 4007) The output from emitter

;:é&gwﬂfng&m i® coupled by capacitor A2C2 to connector J9 Tor application to translator
L-} -

17.847 MC Generation

204. The 17.847 MC signal is produced by subtractively mixing the output from oscillator
AlQ4 with the 100 ke spectrum output from the frequency divider subassembly 1A6. This pro-
duees a 10.747 Mc signal which is additively mized with the 7.1 Mec output from the 10 and {
ke synthesizer subassembly {4k. (fig 1023) The output from oscillator ALGQY (fig 1020) is
coupled by capacitor A2A{01 to the emltter of isolstlon amplifier AZA4Q9. Isolation ampli-
fier A2MMQ1 is used to prevent any of the speetrum freguencies at mixer A2QlLy from being
arplied to the other cutput circuit peths of oseillator ALQY. The cutput from isolaticn
amplifier AZA4Qq1 is developed across trensformer APT3, from which it is coupled by cepacitor
A2C18 to the base of mixer A2QL. The 15.3 to 16.2 frequency spectrum ocutput from frequency
divider module 1Af is applied to connector J1A3, from which it is coupled by capacitor A2C2q
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to the emitter of mixer A2QL. Mixer A2QL mixes the esignal from oseillstor AUQY with each
of the spectrum points. The resulting mixing products are developed across & tank elreunilt,
coneisting of cepmeitor A2C20 and the primery of traneformer AZTZ, which is tumed to 10.747
Mc. The output from filter ASFIM is capacitively divided to the tuned tamk circuit comslst-
ing of capacitors A2C47 and A2C49 and the primary of transformer AZT{. The 10.747 Me cutput
i coupled by capacitor A3C20 to the base of mixer A3Q2.

205, The 7.1 Me output from 40— and 4-ke synthesizer module {44 is applied to eonmector
J142 from which it ie coupled by capecitor A3C47 to the emitter of mixer A3Q2. Mixer A3Q2
mixes the 10.747 Me with the 7.1 Me signels and develops the result nixing products
gperogs the tuned elreuit consipting of the primary of transformer A3TL and capacitor A3C16.
This elreuit is tuned to 17.847 Me, the desired additive product. The amount of desired
output from mixer A3Q2 1e controlled by the de output of the AGC circuit. The base bias for
mixer A3Q2 is developed by voltage divider AJR13, A3R14, A3R15 from the 20 volte de applied
to resistor ASR13 &nd the AGC voltege spplied to resistor A3Bi4. The galn of mixer A3Q2
will vary &s the base bilas is varied by the AGC voltage.

206. The output from mixer A3QZ is coupled to & crystal filter ecircuit conelsting of
transformers A3TY and A3T3, capacitore ASCAS and A3C{4, and crystal AZYZ2. COrystal A3YZ is
cut to be series resonent at 417.845 Me but 1s worked so that it is series resonant at 47.847.
Capacitor A3CiL4 is adjusted to balance the filter ecircult and to prevent any undesired sig-
nel from passing through the filter circuit. The output terminastion of cthe erystal filter
circuit is the tuned tank conelesting of the primary of traneformer A3T3 and capaecitor A3ICi3.
The output of the eryetal filter 1s applied to belanced mizxer A{CH3, end also ie coupled by
capacitor A3CE to the base of mixer ASQ1.

27. 847 MO Generotion

207. The 27.847 Me signal 1s produced by mixi the 17.847 Me with the 410 Me output from
the fregquency stendsrd subassembly 41A3. (fig 1002

208. Mixer AQ1 (fig 4020) is turned on when the desired injection fregquency to trane-
lator subassenbly {A8 is in the HI band. This is accomplished by applying the ground from
the HI/LO control line to resistor ASRS to terminste it. Therefore, the Z0-volts dec supply
voltage will be developed scross base bies voltage divider A3R7, A3REB. If the LO band of
injection frequencleg is required, 20 volts de is epplied to both ends of this voltege |
divider, reverse blasing mixer A34Qi, shutting it off. The 410-Me output from frequency stan—
dard module 4A3 is applied via connector J1A1 to the anode of diode A3CR2. If the LO band
of injeetion freguencies is required, the 20 wolte de is &lso epplied through resistor A3RL
to the anode of dlode A3JCRY, forward blasing it. Therefore, the {10-Me signal will be shunted
to ac ground. If the HI band of mixing frequencies is regquired, the HI/LO control line will
apply ground to resistore ASRL &nd A3R5. Thie will forward blae diode A3CRY. Therefore,
the 10-Mec signal will pass and be coupled by capacitor A3CE to the emitter of mixer A3G1.
Mixer ASQ1 mixes the 17.847 Me signal with the {0-Me signsl and develops the resulting miz-
ing products across the tuned cireuit consleting of capacitor A3CY1 snd the primary of trans-
former A3T2. This elreuit is tuned to the 27.847 Me additive mixing product.

205, The output from mixer A3Q4 is coupled to & eryetal filter cireuit consisting of
traneformers A3TY and AIT2, capacitors A3C3 and A305, and eryetal A3Y4., This circuit
functions identically to the 17.847 Me cryetal filter circuit to provide the reguired 27.847
:f;:gti;ugﬁu The 27.847 Mc output from the crystal filter cireuit 1s spplied to balanced

AGC Ciroult

240. The AGC voltege developed by this circuitry is applied to mixer 2 (fig 1020) to
hold the output constant. e }

211, The injection frequency output from emitter follower A2Q1 (fig 1021) is coupled to
the base of ABC emplifier AZQ3 by capacitor A2C3. AGC amplifier APQ3 reises the level of
the input from emitter follower A2Q1 =nd develope it scross inductor A2L3 which is used to
sdjust for the difference in levels between the HI and LO bande of injection frecuencies.
Therefore, inductor AZL3 can be set to provide a uniform output for both the LO and HI bands.
Eesisgtor ASR8 produces degemerstion to incresse the bandwidth and provide sdditicnal
stabllity for AGC amplifier A2Q3. The blas for de amplifier A2Q2 is developed by the temper-
ature compensated voltage divider conslsting of resistors AZR10, AZR43, AZR4{7, and AZH4S8

and thermistor ASRZY. Diode AZ2CRE{ will detect the negative portions of the output from AGC
amplifier A2Q% and charge capacltor A208. As the slgnel strength increases, the base blas
on amplifier A242 will beocome more negative, thus cutting down 1te rate of conduection. DC
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amplifier A2¢2 will
voltage 18 poeitive.

gain varies,
bias of mixer A3Q2,
a closed loop with
cults will reach a steady state condition,
A2Q1 will resch e constant value.

and therefore, the stage gain of

eleo invert the negative voltage on

The output from de amplifier A2QZ
eliminate ripple and prevent eny low frequency oscillati
the conduction of de amplifier AZQZ varies.
mixer A3QZ2.

ELECTRICAL AND MECHANICAL
ENGINEERING INSTRUCTIONS (AUST)

Since

its base, sinece its collector
is filtered by capacitor A2C9 to
on in the AGC loop.
Thie in turn controle the base
thie eircuit forme
all other circuits of 400=kc eynthesiger module 4142, the gain of all ecir-
Therefore, the output from emitter follower
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Cirouit Desoription for the 10 and 1 Ko Syntheaiser (fige 1022, 1023)

212, The 10 and 1 ke Synthesizer SBubassembly produces the injection frequencies for the
10 ke and 1 ke digits conversion. These are used in the translator subassembly for the
third converslon receive or the first conversion transmit. It alec produces sn error Blg-
nal, which is used for error cancellation.

Injection Freguenoy Generation

213. The injection fregquencies are produced by subtractively mixing the ocutputs of two
ecryestal osclllators.

214. Crystal oseillator A1Q2 (fig 1022) produces any one of ten freguencles between 6.50
and 6.59 Me, in {0-ke steps. The frequency produced ig determined by the selection of one
of ten crystals (A3Y1 to A3Y10) using the {0-kc (KC) ewitch A3S4, on the front panel of the
BRT-662/3RC. The output from oscilletor A1Q2 is amplitude limited by diodes A{CR{ and A{CRZ2.
A Bmall reverse blas is applied to these dlodes by resistors sMMR2 and A1E35 to maintain a
higher cryetal § over the envirommentsl range, The output from ogeillstor A1Q2 18 coupled
by capacitor A1CL to the base of mixer A1Q5 and is coupled by capacitor A1C6 to the base of
igolation amplifier A4QL.

215, Crystal oscillator A4QS produces any one of ten frequencies between 4.940 Me and
14949 Me, in 9-ke gteps. The fregquency produced is determined by the selection of one of
ten crystsls E.nmn to AU¥10) using the 4-kc (KG) switeh ALS{, on the front panel of the
ET-662/GRC. The output from oscillator A{Q8 is limited by diodes A1CR8 and A{CR9, Dlodes
A1CRB and A10RY are slightly reverse biased by the voltage from divider A1R3L, A1R35 to
malntain a higher crystsl § over the environmental range. The output from oscillator 49Q8
ie coupled by capacitor A103 to the base of keyed amplifier-spectrum generator A1Q3 and by
capacitor A1C22 to the base of emitter follower A1Q7. Voltage divider A{R30, A4CZ5 provides
8 low impedsnce to the output from oscillator A{GE and high impedance to 4=-ke¢ feedback from
keyed amplifier-spectrum gensrstor A{Q3 to winimige the amount of 1-ke pulees appesring in
the 410- and 1-ke output. The cutput from emitter follower A1Q7 is coupled by capacitor
A1C4L to emitter of mixer A1Q5. Emitter follower A1Q7 prevents oscillator A1Q8 from being
loaded by mixer A1Q5.

246, The 1.940- to 1.949 Mc signal is subtractively mixed with the 6.59- to 6.50 Me Big-
nal in mixer A1Q5 to produce the L.551- to L,650 Mc band of injection frequencies. The out—
put circuit for mixer A1Q5 is & triple-tuned bandpaes filter. The filter passes only the
difference between the 6.59- to 6.50 Mc and 1.940- to 4.949 Me signale (4.554 to L4.650 me in
i=kc steps). The filter has a bandwidth of slightly greater than 100 ke to allow for temper-
gture drift of the filter, but has sufficient selectivity to attenuvate any freguency cutside
of the bandpess. Capacitore A1CY3% snd A{C18 are an integral part of the filter and couple
the signal between the sections of the filter. The cutput from the triple-tuned bandpase
filter is coupled by transformer A44TZ2 to connector J4 B-A3 for aprlicetion to translator sub—
assenmbly 148. (fig 1007)

217 When the NOISE BELANKER switch ie set ON and ignition type (pulse) noise is present
in the recelved signal, the pulsed output from noise blanker mssembly 1A1A6 will be present
8t connector J1B-A2. (fig 1022) This signal (negative pulses) will be coupled to the base
of 1AQ6. When no puleses ere present, noise blanker A4 is not conducting end diode A{CR6G
is forward biased through resistor A1R23, This places the low gide of tank eircult A6,
A1L2 st me ground, sllowing the 10- and {-ke signal to rass. When the pulses are present,
noise blanker A1Q6 is switeched into ssturstion. Therefore, the collector noise blanker A1Q6
is effectively st the supply voltsge level, causing dlode AY1CR7 to be forwsrd biassed. The
geturation voltage drop of noise blanker A{Q5 and the forward conducteance voltage drop of
diode A1CRY, corbined., is less then the voltage drop of diode A{CR6. This places o non-—
conducting condltion on diode A1CRE. Noilse blanker A1Q6 and diode A4CR7 place the top of
ihe tenk eircult at asc ground potential when they are satursted by a blenking pulse. There-
fore, the injection to translator subsesembly 148 is mopentarlily removed, thereby turning
off" the received signsl for the durstion of the pulse. In addition, dicde A{CRE is used to
refercnce fllter section A112, A1C16 at a nearly constant dc level at all times. This [re-
vents the filter section from ringing when the pulsed cutput from noise blanker A1Q6 is
applied snd removed. Resistor A{R24 limits the current flow through noise blanker A{1GE.

Error Jignal Gensration
218, The errors of twe sets of crystels are combined inte a 7.1 Me error slgnal. This

slpnal lc fed into the {0u-ke synthesiszer where it enters an error cancellation loop involv-
irg a path through severel subsssemblies.
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219. The output from oscillator A142 (fig 4022) 1s coupled by capacitor A106 to the base
of isolatlon emplifier A1Q4. The output from isolation amplifier A{Q4 is developed acrose
the LC tenk cireult conslsting of inductor A4L3 and capacitor A4C24, from which it is
coupled by capeclitor A2C0{ to the base of mlxer A2Q1. The cutput level from ilsolation ampli-
fier AMMQL is such that 1t will not effect the conversion gain of mixer A2Q{, therefore the
tuning of tank eircult A4L3, AiC24 is not eritieml. Isoletion emplifier A1QL prevents mixer
A2Q1 from leading oecillator A{4Q2 and aleoc prevents any of the {0-kec spectrum from appearing
in the 10- and 1-ke ocutput. The {10-kc spectrum output from f requency divider module {46 is
applied to connector JiA-A{. PFrom here it 1s coupled by cepacitor A2C3 to the emitter of
mizer A2Q1. The £.59- to 6.50 Me output from oselllator A4Q2 is ddditlvely mixed with the
10-ke spectrum (2,48 to 2,57 Mc). The output circult for mixzer AZQ{ is tuned to 9.07 Me,
atterating some of the other mixing oducts. The 9.07 Mc signel ie applied to erystsal
filter APFL4 to attenuste (more than &0 db) all mixing products except the desired 9.07 Mec.
The 9.07 Mc output from filter A2FL{ is coupled by capacitor A2CS to the base of mixer A2Q2.

220, The {-kc pulsed output from the frequency divider subsssembly 146 (fig 1017) is
spprlied to connector J1A-A2. (fig 1022) From here it is coupled by capacitor A1C30 to the
base of pulse smplifier A1Q1. With no pulse input, pulse amplifier A4§1 is bilased into
paturation. The positive portions of the 1-ke input will drive pulse amplifier A1Q4 into
eut-off, This effectively swltches the collector of pulee amplifier A{Q1 from 20 to sero
volte at a {-kec rate. This pulsed cutput ls used to gate keyed amplifier-gpectrum generator
A1Q3 on and off at the 41-kc keying rats. The ocutput from the keyed amplifier-spectrum
generator 1s tuned to 1.97 Me. The output from oscillastor A4Q8 (1.940 to 1.949 Mec) is addi-
tively mized in the primary of transformer A{T{ with the harmonic of the 1-ke pulsed input
{21 to 30 ke) that will produce a 4.97 Mc cutput. Ddodes A1CR3 and A{CRL provide a conplete
ac short across the primary of transformer A1T{ (while in the forwerd blased condition) at
the 1-kc keying rate. Diode ACR5 is used to place the top of transformer A{T{ st ac ground
potentisl and to reference the tuned cireuit at the de supply voltage, thereby preventing
the tuned cireuit from ringing as the ae short is switched in and out of the tuned eireuit,
The cutput from keyed amplifier-spectrum generstor A4Q3 is tuned for 4.97 Me to stternusate
the other mixing products. This eignal is applied to filter AZFLZ, which attenuates (more
than 60 db) all the spectrum points except the desired 1.97 Mc. The 1.97 Me output from
filter AZFLZ2 (fig 1023) is coupled by capacitor A2CS to the base of mizer AZQZ.

229, Mixer A2Q2 subtractively mixes the 1.97 Me silgnal with the 9.07 Me signal to produce
the desired 7.1 Mc cutput. The ocutput from mixer APQZ is coupled by capacitor A2C41 to the
base of emplifier A2Q3., The galn of mizer A2Q2 is controlled by the AGC voltage applied to
resigtor A2R7. Amplifier AZQ3 raiees the 7.4 Mc signal to a level suitsble for use in 400-
ke synthesizer module {A2. The ocutput from emplifier A2Q3 ie coupled by transformer ASTS to
connector JYB-A41.

222, The ocutput from emplifier AZQ3 ie poupled by capseltor A2CY5 to the base of ampli-=
fier A2Q4. Amplifier A2QL raises the level of the 7.1 Mc signal and develops it scross the
tuned tank cireuit A2TL and A2016. The base of deteetor-de amplifier A2Q5 is referenced
nesr the supply voltage level by diode AZCR{, thereby controlling the bilasing of detector—de
amplifier A2Q5. When the 7.4 Mc signel ewings poeitive, diode A{CRY conducts more, causing
the base-to-emitter junction of detector - de amplifier A2Q5 to be even more de reverse
biased. When the 7.4 Mc slgnal swings negative, diode A1CE{ conducts less, forward biasing
detector-de amplifier A2Q5. The 7.1 Me signal will be half-wave rectified by detector-de
amplifier A2Q5, filtered by capacitors A2C20, A2021, and A2C22 end appllied to resistor AZRT
to control the gein of mixer A2Q2. The output level of the 7.4 Me signal is determined by
the smount of forwerd blas on detector-de smplifier A2Q5. Thie elesed loop circuit will
gtabllize and ensure a constsnt 7.4 Me output from mixer A2Q2, Resistor AZR18 provides a de
path for AZCR{. Capacitor A2C48 is the RF bypass for resistor AZR{8. Resistor AZRAT ism
used to adjust the load for the secondary of traneformer A2T!, and the emount of signal to be
detected, thereby adjusting the output level of the 7.1 Me elgnal.

Error Jorrection Sfor the 10- and 1-Eeo Synthealzer

223, The general principle of error correction for the 10- &nd 1-kc¢ 8yntheelzer Sub-
assembly is the seme ss that employed in the 100-ke gynthesizer. However, the error correc-
ii:n loop involves other subassemblies. These are the 400-kc 8yntheglzer and the Trans-
ator

224, The erystals used in the oscillators of the 10- and 1-kc synthesizer are loose
"tolerance" and sre not necessarily accurate when compared to the freguency standard. They
are brought into sgreement with the frequency standard by a drift cancelling technique.
These crystels are used as switched oscilletors in conjunction with bandpass filters in &
cireuit whieh compares the free running erystal freguency to a spectrum of freguencies based
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on the gtanderd frequency. A double mixing procese cancels the error of the switched oseill-
ator compared to the reference frequency. Thie syetem eliminstes locked osecillatore eo that
failure within the control system will not ceuse ocut-of-channel operstlion. The method of
operation for the 410- and {-ke¢ error cancelling loop ie similar to that of the 100-kc syn-

thesizer,

225, The error components of both the 410-ke and the 4-ke oscillatore are combined in a
mixer, producing an output of approximately 7.1 Me. If no error exists in either the 10-ke
or the 4-kec oselllator, the cutput fregquency will be exactly 7.1 Me. This signal, carrying
the combined errors ot the 40- and 4-ke oselllstors, ie routed to the {00-ke syntheslzer
subassenbly where it ig added to the injection frequency generated by this syntheslizer.
Block diasgrsm, Pig 28 shows path of the signsl through the translator-synthesizer sub-

assenblies.

226. The error cancelling loop is basicslly the same as that used in the {00-ke synthe—
glzger, However, the path leade through the 400<ke syntheslszer where the V.1 Mc signal adds
the errors of the 10- and 41-ke eynthesiger erystals to the 4100=-ke injection pignal. HNote
that this 100-ke injection signal is mlready corrected for any errore of the crystals in the
100-ke synthesizer. Inthe 4100-ke synthesizer, 10 Mc may aleo be added depending upon the
megacycle frequency. This in no way changes the results.

227. The injeetion elgnal, earrying the errors ot the 10- and 4-ke crystals 1e now applied
to the second conversion mixer. The second conversion mixer product now contains these same
errors. This elgnal is now converted to the 4.75 Me IF freguency (receive mods asaumsa} in
the third conversion mixer. In this conversion the second conversion signal and the injee-
tion signsl from the {10- and 4=ke gyntheslger are combined. The injection slgnal carries
the spame combined erystal errore but having the opposlte sign. The error is cancelled with
the resulting 1.75 Me IF signal free of error. It should be noted that the system not only
cancels crystal error but also contimuously correctes for frequency error due to temperature

change.

228. In pummary, for any given RF frequency the 40- and {-ke gynthesizer produces two
signals. These are an injectlon elgnal (1 eryestal error) and an error signal (7.1 Me +
eryestal error). The 7.1 Me eignal ieg earried by the 100 ke injection signal to the trans-
letor. The conversion signal slso containe the error. The two silgnsle finslly meet in the
third conversion where error is cancelled becazuse the two signals conteined the ssme error
but of opposite sign. Block Diagram fig 28, shows only the basic elements of the system.

OTRCUIT DESCORIPTION DO TO DO CONVERTER 1411 (FIG 1024)
General

229, The DC to IC converter subassembly converts the 27V supply voltsge to the DO and AC
voltsges required by the RF amplifier subassembly. It also containg the eclreuitry for a
regulated +20V supply, used throughout the recelver-tranamitter.

230. Thie ty¥pe of converter comelsts basically of a pelf-osclllating system which supplies
both the feedback required and the primery input to the transformer. Pundsmentally, current
flows in one collector circuit in excess of that flowlng in the other collector cirecuit.

Due to small ditrferences in the push-pull eircuitry one of the trensistors will ugually
gtart to conduet first. When this happens, the ecurrent flowing in the winding connected to
the collector of this tranelstor induces a current in the other windings of the transformer.
The polarity of the voltage from the winding feeding the base of the "on" trensistor is such
Eg;ﬁ :i'un:s;'::ﬂ:i::ga? ie giivmi:u ﬂiﬁr‘ther 1ntgt tiz ond:c:ttun until saturstion is remched. Let the

. e w conne o the base o =of=

feedback signal effectively keepiﬁ’ﬁu cut-urrl?? SUE M MRS IRt

231 . When Q2 esturstes both junetions are forward blased and the transistor has very low
reglgtance. Heayy current flows, slnce nearly the entire supply voltage is dropped acroee
the collector winding. This heasvy current continues to flow until the core of transforner
T4 satura!.as. When T1 saturates, the flux density of the core can no longer ineresse and
the coupling between windings decreases. The positive feedback to the base of Q2 fellse and
ite eollector current can no longer be supported. This current falls rapidly and at the
Bsme time the feedback to the base fo Qi reverses to drive Q1 into saturstion. @2 is cut=-
off and the coycle of events repeats itself except thet polarity of the current in the primery
of T1 is now reveresed. This action ie regenerative and the current flow in the Frimary of
T4 is essentially a sguare wave. Repetition rate is dependent upon the primery inductance
of the transformer end upon the transistor characteristies. The freguency of thie converter
ie spproximetely L5000 cycles.

Tasue 1, 31 Mar &7 Fage 77



TELECOMMUN I CAT | ONS

ELECTRICAL AND MECHARICAL

e
4

H 172 ENGINEERING INSTRUCTIONS (AUST)
2ND CONVERSION SIGNAL
+ ERROR
FROM 2ND 3RD
IST  —=ICONVERSION CONVERSIONl—— |:7SMC TO IF AMPLIFIER
CONV  |TRANSLATOR TRANSLATOR ERROR FREE »
(s o
t o
(s
[ o
— . — e ___,,_,___,,________________,m
-
10O KC o
SYNTH INJECTION SIGNAL 3
YN * COMBINED ERROR OF 5
IOKC AND IKC SYNTH 5
v
[Ty
I S -
o
FILTER IOKC IKC o
7-1 MC XTAL XTAL 5
* ERROR OSC OSsC &
+ ERROR + ERROR o
l wl
z
[ a
s
0
MIXER |»{ FILTER|4e—JV
SPECTRUM SPECTR
INPUT INPUT
1 o B
FILTER FILTER
MIXER |—a=l 9.07MC|— MIXER |= 1'97MC MIXER
+ ERROR + ERRO

Page 78

Fla 28 - BLock DIAGRAM OF ERROR CORRECTIOM IN

TRANSLATOR=SYNTHES | ZER S5UB ASSEMBLY

Teaue 1, 31 Mar &7



TELECOMMUN I CATIONS

ELECTRICAL AND MECHANICAL H 172

ENGINEERING INSTRUCTIONS [AUST)

232. Beveral precgutions must be teken in a eircuit of this kind. Base current mist be
lipited to prevent trensistor burn-out. Resistors BY and R2 are provided for this function.
Quite often epikes will sppear mcross the emitter-collector of the transistor. Transient
suppression must be provided for, sinece, if & spike should occur the allowsble voltage scross
the non-conducting transistor might be exceeded, It cen be shown that the base of the con-
dueting transistor is st & potentisl of approximately 0.5V. In fact all three elements of
the conducting transistor sre eo close to ground thet their low impedances effectively short
eircuit eny transients in this circuit. In the caese of the non-conducting transistor it can
be shown that the base is at & potentisl of aprroximstely twiece the supply voltage plus the
feedback voltsge. Sinee any trensiente add to thie voltage, it is possible to destroy thie
treneistor, if no precsutions are taken. Cepacitors 01 and C2 are used as a storage device
which sbsorbe the energy relessed when the transformer flux collapses during switching.
Asgursnce that the oscillstor will start under full load st low temperatures must be pro-
vided. Diode A2CE{ and resistor APR4 assure thet the bases of the transistors will be
driven positive by the full supply voltage when power is first applied. This starts oscill-
ation rapidly. As scon ag base current flows the diode clamps the base return to ground.

233. The 54 volts mc output from de-to-dec converter switeh g1, Q2 is stepped down in trane
former winding L4=5, filtered, and spplied to pins 4 and 9 of comnnector Ji. This stepped
down voltage is the 6.3 volts ae reguired for the filaments of amplifier tubes 1412V (fig
1005) and 1A412V2 (fig 1006). The 54 volts ac is stepped up by transformer winding 6-12,
full wave rectified by diodes ASCR1 through A3CRL, filtered snd applied to pin 6 of connee-
tor J{. This voltage is the pogitive 125 voltse de output for the plates and screens of
amplifier tubes 1412V{ and 1412V2. The 54 volts ac is stepped up by transformer winding 7-8,
full wave rectified by diodes ASCRS through A3CR8, regulsted by 33 volt szener diode ASVR{
when SERVICE SELECTOR switch is st STANDEY, filtered, and applied to pin 14 of connector Ji.
Thie voltage will be nominally -30 volts de but will very + 10® with like varistions in the
27 volts de primary power input. This voltage is the =30 voltse de used to develop the AGC
voltage used in RF amplifier module 4A12 during recelve operation. During standby, thie
voltege will result in the full secale deflection of the front panel 8igmal level meter to
allow the operstor a mesns of ensuring that do-to-de converter module {1411 is functioning.
When the RT-662/GRC ls tuning, this =33 volts de is used to bias the BRF amplifier tubes to
cut—off to prevent over-diesipation in their screen circults.

+20V Begulator dirouilt

234, A steble voltage of +20 volts is used in most subassemblies. The circuit (top of
fig 1024) reduces the +27 vde supply voltage and regulstes it st +20 volts, this eircuit
regulstes for both line and load changeg.

235, The 27 volte de ie applied to the collector of transistor 414191 on the chassis

{(fig 1025) The effective collector-to-emitter resistance of trensistor 1A4Q1, in series
with the 27-volte de line, drops the voltage to a constant 20 volts de for any given current
reguired by the external eircuit. The value of the series resigtance ig determined by the
rate of conduetion of transistor 1A1Q4, which is controlled by the regulator circuit.

236 . Differentisl smplifier A145, A1Q4 comparee the ocutput from transistor 1A1Q1 with the
reference established by 4.7 volt zener dlode AY1VE2, The output at the emitter of trans-
istor 141Q] is developed mecross the voltage divider conslsting of resistors AYHT, A RSB, and
A1R9. Assume that the 20 volte dc cutput ingtantaneously inereases to 22 volts de. The
voltage acroes the voltage divider will increase, lnereasing the forward blas on transistor
A1Qh4. Transistor A41Q4 will haeve an inereased rote of conduction, incressing the veoltage
developed scross resistor A{RE6. This decreases the forward biasing of translstor A1Q3,
inereasing the voltage at the eollector of transistor A4G5. This incremsed voltage will
decrease the forward bise on de amplifier A4Q2, lneressing the voltege on the collector of
de amplifier A1§2. The base voltage of de amplifier A1Q2 is stabilized by zener diode A{VRi.
Therefore, the smitter-to-base voltsge on driver A1Q4 wlll decreasse, decreasing the voltage
on the collector of driver A1§1. The collector voltage of driv A9t is the base blas for
trangigtor 4A1Q1. Therefore, the decrease at the collector of givar A1Q1 causes transistor
144Q1 to conduet less. This increases the collector-to-emitter resistance to drop the vol-
tage back to 20 volts de. A similar sequence of events will occur if the 20 volte de de-
creases. However, the reverse will occur in 211 the eirecuits in order to lnerease the con-
duction rate of transistor {141Q1, thereby decreasging the collector-to-emitter resistance to
increase the voltege st the emitter of transistor 141Q1 to 20 volts de.

237 Capacitor A105 provides flltering for the 20-volts de output line. Capacltaor AfCh
provides ecollector-to-base feedback for trensistor A1Q4. Therefore, any ripple on t he 20-
volts dc output line will be fed beck into the regulstor cireult, and in turn to translstor
14191, 180 degrees out of phase with iteelf. This allows the ripple to be cancelled.
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Capacitors A1C1, A1C2, and A{C3 provide high frequency filtering. If the 20 volts de line
becones shorted, the resulting ground will forward bias diode A{CHY1. This will shut off de
amplifier A192, whiech in turn shute off driver A1Q1 &nd trensistor 1A1§1. When the short ia
removed, the regulator will recover and resume regulsting ection.

COHABSIS FEONT PANEL ASSEMBLY 141(FIG3 1025, 1026 and 1027)
Oiroult Desoription
General

238, The front panel and cheasels assembly 441 contains all the interconnections for the
subassemblies, the code ewitches for intra-tuning (Receiver-Transmitter, Radic RT-662/GRC)
and inter-unit tuning (Amplifier, Radio Fraquency AM-3349/GRC-106), Nolse Blanker sub-
apeembly 4A{46, Internal ALC assembly {14445, and all switches snd controle for determining
and ecntrolling the various modes of operastion in either the transmit or recelve condition.
The Noise Blanker and Internal ALC assemblies have been described previously.

Bervioe Selector Switch (fig 1026)
Genaral

239. The Serviee Belector Switch 84 is used to select the mode of operstion for Radio
Bet AN/ORC-106.

2Lo, The 27 volte de applied to pins A and B of POWER connector J24 is applied through
FUSE 2 AMF F1, dicde CR{, and filter FL{ to contect 4 of switeh 84, sectlon 1, front. Diode
CR{ is used to ensure correct polarity of the 27 volts de applied to POWER connector J24.
Zener diode VEZ2 will conduct when the voltage spproaches 30 volts de, inereasing the current
through fuse F{ to ensure that it cpens. Fllter FLY is & low pass feedthrough filter,
designed to suppress unwanted rf interference that may be present on the 27-volts de input
line. When the SERVICE SELECTOR switch is set st OVEN ON, the 27 volte de ig epplied through
contacts 4 and 2 of switch 84, sectiom 4, fromt to pin 3 of connector J{A module A3. This
voltage is then used in frequency standard module 1A3 to energisze the oven asserbly. When
the BERVIUE SELECTCR switch is set at STANDBY, the 27 volts de is spplied through contacts

1 and 3 of ewitch 84, section 41, fromt, to pin ¥ of connector XA44, pin 28 of connector XAS,
end to the OVEN ON circuits (XA3-A-3). This voltage is used in de-to-de converter and regu-
lator module {1411 to energize the de-to-de converter eircuit. This voltage also 1s used in
tranemitter IF. and asudio module 41A5 to energize the vox eireuit so thet when the RT-662/0RC
is placed in operation, surges from the 20 volts de application will not plsce the system
into tranemit condition. When the SERVICE SELECTOR switch is placed st any operste position
(55B KSE, FSEK, AM, CW), the 27 volts de im applied to all STANDEY and OVEN ON circuite as
rreviously explained and through contacts 1 snd 4 of ewitch 84, section 1, front, to the
following pointet

a. PFin E of AUDIC connectors J18 and J19 for suxiliasry use.

b. Pin 8 of connector XA10 to energize the 2-watt amplifier portion of receiver
gudio module 4440.

¢+ FPin 3 of relay K2 and pin E3 of assembly A7.

d. Contact & of relsy K2, from which it is applied through contact & (when motor
Bi 18 de-energized) to pin 2 of relays K3 and EY, pin 4 of reley Ki, the collector
of trangistor §i, and pin 13 of comnector XA{4 to energize the 20-volt regulator
eireult of de-to-dec converter and regulator module 414A44.

a.l Go;tact 5 of relay K2, from which motor B{ is energized through contaet 2 of
relay EK2.
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241 . When the SEREVICE BELECTOR ewitch is set at OW, +20 volte dc is applled through con-
tacts 5 and 6 of ewitch B4, section 1, rear, to the BFO control, pin 40 of connector XA7,
gnd pin 13 of commector XA5. The switched 20 volts dc is applied to receiver IF. module 1A7
to ensrgize the EFO circuit. The switched 20 volte de 1e epplied to transmitter IF. and
AUDIO module 145 to dieeble the miecrophone eircults and energize the 2-ke generator circuilt.
Woen the SERVIGE SELECTOR ewitch is set st 88B N8E, or AM, the output from the VOX switch

i connected through contacte 40 and 11 of switch 84, section 1, rear to contact 10 of switch
84, eection 3, front. When the BEEVICE BELECTOR switch is set at CW or FEE, contacts 40 and
14 of switch B4, eection 4, rear, are opsn to dissble the VOX switch for CW or FEE operation.

242, When the BERVICE BELECTOR switch is set at STANDEY, the required standby ground for
the AM-3349/GR0-406 is applied through contacts 9 and 8 of switch BL, seection 2, front, and
pin N of PA CONTROL QONNECTOR J20. When the BERVICE SELECTOR switch is set at any operate
position (BEE NSK, OW, AM, FPEE, ) the required operste ground for the AM-3345/GRC-4 is
ﬂ;pp%iad.;a}a:rnuah contacta 9 and 410 of ewitch 84, section 2, front and pin P of CONTROL con-
nector .

243. When the SERVICE SELECTCR switch is set at 88B N8E, ground is applied through con-
tecta 4141 and 12 of switch 84, sectlon 2, rear to the VOX switch 84. When the SERVICE
BELECTOR switch is set at FHE, ground is agpliod. through contacte 11 and 1 of switch 8L,
pection 2, rear, to pin 5 of connector XA{10 and pin 22 of connector XAS5. Thie ground is
ueed to dipable the Bguelch circuit in recelver audic module {1A10 and to diseble the vox clr-
cuit in trensmitter IF. and eudip module {1A5. When the BERVICE SELECTOR ewltch is set at
AM, the ground is applied to the VOX switch through contmcte 14 and 2 of switch BL, esection
2y rear end to pin 9 of comnnector XA5, to ensrglze the cerrier reinsertion gate in trans-
mitter IF. and audioc module 41A5. When the SEEVICE SELECTOR switch 1s set at CW, the ground
is applied through contacts 41 and 1 to disable the sguelch and vox circults as was the cese
during FEE operation, end through conteecte 44 and 3 to pin 414 of connector XAS5. This ground
is used to energlize the 2<ke¢ amplifier in transmitter IF. and eudio module 1AS5.

2Ly, Bwitch BY, meection 3, front, is used in conjunction with the VOX ewitch. Bwitch 84,
pection 3, rear is used to select the correct taep of voltage divider Ri4, RS, R6, for apply-
ing the necessary APC control voltege to tranemitter IF. and audio module 4A5.

Vox Buitoh & (fig 1027)

245, The VOX Switch, in conjunction with the SERVICE BELECTCR ewitch, is used to select
the method in whiech the ground will be applied to pin 27 of J4 in the tranemitter IF and
sudio subassembly {145 to place the AN/GRC-106 into the transmit mode of operstion. The VOX
ewitch is operating during the B88B and AM modes of operation only. During CW end FEK rmodes
of operatlon, the VOX switch is bypasssd.

Servios Seleotor Switch Set at S58 NI

246, In thie position of the selector switch pin 27-741 (eub assenbly 145 fig 1027) is
connected to the push to talk switch on the H-33/FT or M-25/U. Ground ie aepplied to pin F
of AUDIO connectors J98 or J99 (fig 1026) each time the push te talk switch on the M-29/U

or BE=33PT 1s depressed. This ground is applied to contact 8 of ewitch 84, eection 3, front
and it ig also epplied through contescte & and 6 of switch 84, rear, and contacts 410 and 44
of switch B4, sectlon 4, rear, to contact 10 of switch B4, section 3, fromt. From contact
141 the srma ig aleo applied to pin 29 of connector XAS to turn off transmit-receive switch
1A5A2Q41 {ﬂf 1015) end turn on transmit-receive switch 145§1, placing ground on Transmit/
RBeceive (T/R) line 3. In order to ensure that there is no hang time when the push to talk
ewitch 1s released, the bias developed by voltage dividers {1ASAZRL3, 41ASAZSRLL is applied
through pin 27 of connesctor XA5, contects 3 and 14 of ewitch B4, front, diode CR5, conteots
10 and 11 of ewitch 84, section 4, rear, contact 10 of switch 84, section 3, front, and to
pin 29 of connector XAS. Therefors, inverter {A4A2Q11 is turned back on sB soon ms the pushe
to-telk switch is released, turring off transmit-receive switch 1A5Q1 and removing the
ground from T/R line 3. This ensures that the RT-662/GREC ie placed into receive operation
immediately after the push-to-talk switch is released, w ithout any heng time.

247. PUBH TO VOX: When the Vox switch is set at PUSH TO VOX, the ground for keying T/R
line 3 is produced by the voice input at the AUDIO connectors when the push-to-talk switch
on the M=25/0 or H-33/FT is depressed. When the push-to-talk switeh is depresesd, g round is
applied to pin F of AUDIO connector Ji8.or J49. (fig 1026) This ground is applied through
contects 8 end 9 of ewitch B4, section j‘.."rrum, contactes 5 and 3 of switech 81 front to pin
27 of connector XAS. Thus VOX detector 1A542Q5 (fig 1045) is operative allowing the voice
to key the AN/GRC-106. A= long as the handset is held depressed, the hang time function,

as explained previously, is present. If the push~to-talk switch ie released, the hang time
function is bypassed, immediately placing the AN/GRC-106 into receiver opersticn. The bias
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on voltege divider 1ASAZRL3, 1ALASRLL 18 epplied through pin 27 of connector XAS to contact
5 of mli‘%ch 81, front, fmm’wh:l.ch it is applied through diods CR6, contacts 10 and 6 of
ewitch 84, rear, contacts 10 and 11 of switch 84, section 4, rear, contact 10 of switeh B84,
gection 3, front to pin 2% of connector XAS5. Therefore, transmit-receive switch {A5A2Q14
is turned on, which turns off transmit-receive switch {A5Q1 and removes the ground from T/R
line 3, thus bypessing the hang time function in & menner similer to the PUSH TO TALE posl-
tion of switch 81.

248, VOX: When the switeh is set at VOX, the ground for keying T/R line 3 is produced by
the volce input present at AUDIO connector J48 and J19, OGround is applied via contact 9 of
switoh 84, section 2, front, from which it is applied through contacts 11 and 12 of switch
84, eection 2, rear, and contecte 7 and 3 of ewltch 84, fromt, to pin 27 of cormmector XAS.
Therefore, the VOX cirecuit will be operative, permitting the voiece to supply the ground to
T/R line 3 end key the AN/GEC-106.

249, HERVICE SELECTOR switch set at FSE: When the SEEVICE SELECTOR switch 1ie set at FEE,
the Vox switch is bypaseed by opening contmets & end 9 of switch 84, sectlon 3, fromt, and
contacts 10 and 41 of switech B84, section 1, rear. The keying information 1s still aspplied
to pin F of AUDIO connector J48 and J19. This information is then applied through contacte
8 and 10 of switch 84, section 3, front, to pin 29 of connector XA5. Therefore, transmit-
recelve swlteh 1A5ASQ14 (fig 1045) and transmit-recelve switeh {4541 will be turned off and
on at the keying rete of the redio teletypewrlter terminsl equipment.

250, SERVICE SELECTCOR switch set at AM: When the SERVICE SELECTCOR swltch is eet at AM,
the AN/GRC-106 is keyed in the ssme memmer ss S8B NSK for the PUSH TO TALE and VOX positiona
af the Vox switeh. With Vox switch set at PUSH TO VOX, the keyline is applied through con-
tacts & and 411 of ewitch B4, sectiomn 3, front, rather than 8 and 9 as 18 done in SHB N3K.

251 . SERVICE SELECTCOR switch set at CW: When the SERVICE BELECTOR switeh is set st CW,
the Vox ewitch is sgaln dissbled as it was in FSK. However, the keying informstion is still
applied to pin F of ADDIC connectors J98 and J19. This keying information is then applled
through contacta 8 snd 12 of switch 84, section 3, front, to pin 30 of connector XAS, kKeying
the VOX circuit.

Intra-Unit Tuning

252, The turret in RP amplifier module 4442 (fig 1005, 4006) which contains Mc strips for
the tuned input and output cireulte, and the switch in Mc synthesizer module 1A%, which
containe erystals, capacitors and HI/LO informstion, sre repositlioned every time a change
of 1 Me or more is made in the operating frequency (2 to 29 Me). When either MC switch

(85 or 86) is rotsted, & ground 1s established on one contact of switch 89, front.(fig 1025)
This ground is mechenieslly coupled to awlteh 89, resr which in turm spplies the ground to
pin 7 of motor relasy E2. 8inece 27 wolts de is applied to pin 3 of relay K2, the relsy will
be energized. This action removes the 27 volte de from pin 43 of connector J4XA441, the
eollector of trensistor 141Q1, and releys Ki, K3, and K4+ The remoysl of the 27 wvolte from
pin 13 of connector J1XA14 and transistor 41A4Q1 will in turn prevent & 20-volt de output
from de-to-de converter module 4A441. Thle renders the RT-662/3RC inoperative while tuning
ig in progress. When relay E2 is energized, 27 wvolts do ie applied through contacts 5 and
2 of the reley to one glde of turret motor B4. The other side of turret motor B4 is grounded,
therefore it will rotate. The motor drives & gear traein assembly, which rotstes the Me
gynthesl zer swltch, the turret, and the rotors of switch 8% The rotation will continue
until the noteh in the switeh rotor (89, frunt] reaches the grounded contact. This removes
the ground from pin 7 of relsy K2, de-energizing it. When relay E2 ieg de-ensrpgized, the 27
volt de is removed from motor B{ and ground ie applied through contects 4 end 2. With
ground on both sides, the motor ig dynamlcally braked. The 27=volt de is re-applied to gll
opersting clircuite when relsy K2 is de-energized.

253, Xmit-Rovr No. 3(T/R Line 3}t During receive opergtion, T/R line 3 is open and
grounded during trasnsmit operstion. When T/R line 3 ie grounded, relays K1, K3, Ei, and K5
gre energized. The ground spplied to T/R line 3 corresponds to system keylng. This ground
is applied as outlined in the following chart.
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8ERVICE SELEOTOR ).

Bwitoh Position Svitoh FPosltion Keyed By

AM or B8B REK PUBH TO VOX Applied volece when the
push-to-talk switech is
derressed.

AM or BEE HEK Vox Applied voice.

AM or B8B NEE FUSH TO TALK Push-to-telk ewitch.

CW Diesbled OW key.

FEE Dieabled Radioteletypewriter
terminal equipment key.

a. Relays K3 snd Kl Initlally, relays K3 and K4 are de-energized (receive oper-
ation). Relsy E3 connects the input RF slgnal from RECEIVER IN connector J16 to RP
amplifier module {1A412 through eoupling cepacitor AGCLY and contacte A3 and A2.

When energiged (tranemit operation), relsy K3 connects the RF output from translator
module 1Lg to RF amplifier module 1442 through contacts A2 and A4. Relay K4 (de-
energized) ccnneets the RP cutput from RF amplifier module 1412 to transletor medule
1A8 through contacts 43 and AZ. When energized (transmit operation), relay K4 con-
nects the RF output from RF amplifier module 1A12 to RF DRIVE connector J29 through
contects A2 and A{, in parallel with internsl ALC assembly 1A1A5.

b. Relay E5; During receive operstion, relay K5 (de-energized), serves no function.
When energlged (transmit operation), relsy K5 grounds the RF input from RECEIVER IN

connector J16.

c. Relsy K4t Reley K4 generates the Xmtr-revr Ho.{ (T/R line 1) and Xmtr-rovr No.Z2
(TR line 2)informaticn, When relay Ei is de-energized (receive operation), T

line 2 applies a ground (contacts & and 12 of reley Ei1) to all circults not reguired
for receiving, end T/E line {1 applies 20 volts de (eontacte 14 and 10 of relay K1)
ta all cirecults reguired for receiving. When trensmitting (relsy K1 energized), T/R
line 1 applies ground (contscts {13 and 40 of relsy Ki) to all elrcuits not reguired
for transmitting,and T/B line 2 applies 20 volte de \contacte 9 and 12 of relay K1)
to all eirecults required for trensmitting.

CODING OF INTEE-UNIT TUNING

Feneral

254 . A Becond code is generated by switches A185 and A186. 85 is the 10's of megeeycles
switch and 86 is the unit megacycle switch.

255, The purpose of this second code is to poelticn the tuning turret in the power ampli-
fier (AM-3345/0RC-106). Thirty tuned eirecuite are positlioned secording to the freguency
selection scheme. The encoding scheme pleces a pattern of "ground" or "no-ground” on five
wiree. The turret decoder then seeks the complementary code. When this condition ie eatig-
fied, the turret stops. The system is an open-seeking ecircuit.

256. Since each of the five interconnecting lines between the encoder switch and the de-
coder switch has either a ground or is open, it can be said that it has either one of two
stetes. A convendent way to designate the state of the wire is to use & ZERO (0) to indieste
"open" or a ONE (1) to indieate "ground" Ueing this ides, & table showing the code for each
of the 30 positions of the turret can be laid out. Table 5 givee the code for esach tuned
eircuit. This chart is useful in checking the pattern of "grounds" or "no-grounds" on the
five wires if a bad encoder switch is suspected. The inter unit coding system 1s described
in more detail in paras 257 to 279.

Enocder-Decoder, Prinoiples of Operation
257, The digital tuni scheme of the radic set regquires the positioning of a turret in
the Power Amplifier u-jgﬁgjnnc 106. This turret connects the tuned circuits into the ecir-

cuitry. To reduce the slze of the comnecting cable from the recelver-transmitter to the
power amplifier, a five wire code system is uped.
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258, The purpose of the encoder-decoder mystem is to accurately position the turret which
is cerrying the tuned circuits. For any one band, a driver stage tuned circuit snd an out-
put nt.aﬁa tuned circuit are chenged. The encoder places a pettern of "grounds" or "no
grounds™ on five intercomnnecting wires. The turret decoder then seeks the complement ary
pattern at which point it stops rotating, The system 1g an open-seeking eystem.

259. 8ince each of the five interconnecting lines, between encoder switeoh =snd decoder
ewitch, has either a ground or is open, it can be sald that it has either one of two states.
A convenlent way to designate the state of the wire is to use s ZERO (0) to indicate “ppen™
and & ONE (1) to indicate "ground". Using thie gystem teble 5 can be arranged which showse
all of the codes for each tuned eilrecuit. This chart is useful to check ths pattern of
"ground" or "open™ on the five wires if a faulty encoder switch 1s suspected.

TABLE 5 - INTERUNIT TUNING = CODE SYSTEM
Fra Code Line Turret
I.’Hu} 1 2 L 5 Poaiticn
2.0 = 2.5 O 1 1] 1 1] 4
3.0 = 3.5 o 0 1 o 1 2
b = 15 1 s] o 1 o 3
15 = 46 1 1 0 0 1 L
2 - 25 0 1 i 0 o B
25 - 26 0 o 1 1 o &
16 = 47 o 0 0 1 1 7
17 - 18 9 0 ] 0 1 8
2.5 = 3.0 0 1 0 0 o g
345 = 4.0 o 0 1 o 0 10
18 - 49 o} o} o 1 0 1
19 - 20 0 0 0 0 1 12
26 = 27 1 Q o 0 0 13
27 - 28 1 1 0 0 o 14
28 - 29 1 1 1 o ] 15
29 - 30 1 1 1 1 o 16
20 = 2 Q 1 1 1 1 17
24 - 22 1 0 1 1 1 18
22 = 2% 1 1 0 1 1 19
23 - 24 o 1 1 o 1 20
L -5 1 o 1 1 ] 21
5 -6 o 1 o 1 1 22
8&-19 1 o 1 0 1 23
9 - 10 1 1 o | o 2L
6 -7 1 1 1 0 1 25
7 -8 o 1 1 1 0 26
12 - 13 0 0 1 1 1 27
13 - 14 1 v 0 4 1 28
10 = 44 o 1 o o 1 29
11 - 42 1 o 1 0 0 30

1 Represents ground
0 Represents open
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260. To use this type of coding and to ensure a start path circuit, a master and image
gection are used in both the encoder switch and the decoder switch. The image section of
the ewitch uses a code which is the exmet opposite, to that of the master section. In thie
degeription, the section using the codee in table 5 are the master section in the encoder
switch, end the image in the decoder switch, an exemple of master/image codes used for some
frequencies in the encoder are shown in table & &8 a system of five contscts meking either
contact or no-contact with a mester diee snd sn imsge dise. Fig 30 shows the master and
image section for the encoder ewitch. Note that it is necessary to uee two switches to cover
codes in three decades. The disgram showe the imege and master of the decoder switch wmhich
rotetes with the turret when driven by the motor and gesr system. The five contascts in the
encoder switech connect to the corresponding contascts in the decoder switeh and to '"no other
pointe' except the contsct areas of their respective dlscs. The complete circultry uses a
relasy to start the motor as illustrated in fig 30.

T4BLE 6 = MASTER AND |MAGE CODES IN THE ENCODER

MEGATYOLES MASTER IMAGE
2.0 = 2.5 04040 10404
8.0 = 9,0 10404 4040
10.0 = 44.0 04004 10440
18,0 = 49.0 00040 11101
28.0 = 29.0 11400 00044
261 . it ie obvious that, 1f the motor is to etart and rotete the turret, & path must

exlst through the two switches. If the MC fregquency selection knob is rotated to & new
position of the encoder, the motor drives the decoder switch to the complementary code of
that in the encoder. Thise, then, is the situstion when the decoder switch hse found the
"open" in the eireuitry and has removed voltsge from the motor.

262, To summarize, the encoder sete up & code on five wires representing a turret poei-
tion. When this happens, the code in the decoder switch is no longer complementary to the
code in the encoder. There now exists & psth through the two switches. The motor turns
until the deccder ewitch again finds the complementary code and the motor circuit is broken.
Complementary means that the code on the master in the encoder is oppoaite to that on the
mezster in the decoder. Likewlse the code on the image in the encoder im oppoelte to the
code on the imsge decoder.

263. When the encoder-decoder switches have besn rotated to select & new code { chenge

of frequency on RT-E66Z/GRC) a eingle path normally exists through the switeh eystem; at other
times multiple pathe exlet; at still other code settings, s devious path will exist which
goes back and forth between the two ewitches. However, &s long as the code is different in
the two master-imasge systems, a path will always be present to complete the cirecuit through
to the motor. The motor can then gtart to rotate the decoder switech until the complementary
code 18 found to stop the motor (end the turret). :

264 . It should pe noted thet the codes as shown in table 5 seem to have no logical order.
Teble 7 shows the codes agein, thig time slant lines have been drawn to show that the code
order is such as to bring the zeros and the ones into groups. PFurthermore, it shows that
#ll the information ie contsined in the column for code line five, If the five pickup econ-
tacts are now arranged in s treiling fashion, the seme informestion cen be obtaeined from one
track. This is emseily checked out. The code, as read from right to left, for 2.0 - 2.5 Mo
is U4040. Reed in this order, line 5-4-3-2-4, This i the code &s Pleked up on & contact
for each line column. Now read the code opposite the five contacts as arranged in trailing
fashion on line 5. The code again reads 04040. Imagine that the column of figures moves up-
ward one position. The five trailing contacts are now reading 10400, Checking the code
seross for 3.0 - 3.5 Mc (second position) the code is (right to left) 10400.

265. Thie arrangement is used on the decoding end of the system as the cods can be
errenged around the edge of a metsl switch plate. Refer to Fig 31, where thie is illustrated,
Sﬁmammmrmdmimmdhcmemwwm,mwewamuﬁmmemhﬂmthWﬂnm
contecte. The third disec with 350 notches insures that the turret positione ltself correctly.
The encoding end of the system cannot be arramqed thie way, eince in a digital system two
controle are needed. One is needed for the 10's of megacycles and the second for the digita.
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7~-8 \hmmm%
e e g R, S

1 Represente ground

0 RBepresente open

It could be done with one control if the one ewiteh had thirty posltlons.

266, The encoder ewiteh in the recelver-transpitter, RT-662/GRC, uses two switches. The
first switch (10's of megacycles) changes the psttern of ground and open for each of the
three decades, 0-9, 10-19, and 20-29. Therefore, the first switech has only three posltlions,
0-1-2. The second switch reads out the digit megacycles and, therefore, rotates through
ten positions, O through 9.

267 To cover thoee tuned cireults which are one half megacycle wide (500 ke), it is

necegpary to have a switeh on the 100-EC knob, since this ie the only control which can
recognlize the half megecycle poinmt. Inthis case, the code on one wire is changed.
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A ground 1s csrried on this wire as the knob rotates from 0 through 4. When the knob resches
5y the ground is removed and this condition holds from 5 through 9. Thie changes the 5 wire
code which initistes the turret change at the half megacycle point.

268, The action of the complete gystem is such, that any megacyele, from 02 through 29,
Bet up on the first two digit switches on the front panel esuses the power smplifier turret
to rotete and connect the proper tuned circuits into the circultry., 8ince some tuned cir-
cults cover only a helf megacyele, the third frequency setting knob (100 ko) assists in
Belecting these tuned circuits.

Cireult Desoription of the Enooder-Decoder

269, Filg 32 1s the cireuit of the encoder wiring used in BT 662/GRC. This disgrem also
conteina informetion sbout the two swltches which estsblish the code on the five code lines.

270, Switch 85 front hae three positions. Each position determines the pettern of
"ground" or "open" which will sppear for each decade. For megacycles 2 through 9, this
switeh will be in the O position. It will move to the 1 position for megacyeles 10 through
19 and to the 2 popition for megacycles 20 through 29, The tsble on fig 32 supplies infor-
metion showing which contacts will heve & ground or an open condition. A portion of 85 rear
is uveed. Information is alsoc glven showlng which contacts are connected together for the
thres positions, O0-1-=2.

27 - Switch 86 is used to set up the second diglt of megsecycles. Each code line is
gwltched to a contaet on 85 front to plek up & ground or an open condition in order to
gatisfy the requirement for each individusl code. A table for each code line is provided
wihich shows the contaet rumber for esach digit, U thr %9, It should be observed that all
gwitches are set in the O digit position. If switch is sdvanced from O to 1, the wiper
connected to each code line moves past a contact, coming to rest on the second contact. In
other words it skips over a contoct sach time it sdvances. 8inee the contacts on the left
gide of the switch wafer are assigned te & code line and those on the right side to another
eocde line, it becomes evident thst the two switch wipers interchange their roles st & point
half way through the rotation angle of the switch. 0 through 4 1s covered by one wiper and
5 through 9 by the other wiper.

272 The right-hend eide of 86 section 3 front is not used for the five wire coding.
The right-hsnd side of B85 rear, 86 section 1 rear, and $7 rear are used to create a ground
pulee, also 87 front is used for switching at helf megacyele pointe end will be described
later. The code used for the 2.0 to 2.5 Me tuning is as follows:

Line = 14 2 3 L 5
Code - 0 1 4] 1 0]

Switeh 85, the 10-Mec switch will be in the O position and will diepley the digit
0 in the penel window.

275. Switeh 86, the 1-Mc switch will be in the 2 positlon and will display the digit 2
in the panel window. The code for esch line ie traced out in the followlng manner:

Code line 4 connecte to conmtact 15 of switch 86, eeetion 3 front. Contact 15 ie the wiper
contact. In the chert for the code line 1, it is noted that the contact for digit 2 (2
wegacyeles) ie 21. Tracing out the wiring frem contact 24 y the eircult goes to contect 7 of
switch 85 front. Checking the chert for switch 85 (0 position), it is found that contset 7
is open and cannot place & ground on line 4. Therefore line 4 has a 0 code merking.

8« In a gimilar menner, line 2 comnects to wilper contact 2 on switeh 86, section
2 rear. The contect for digit 2 ig 8. Contact 8 connects to contact 9 of mwitech
85 (0 position). In the chart for 85 front, it is shown that contsct 9 connects
to contact 10 which in turn connects to contsct 3 of ground pulse switch 85,
section {1 rear. Contact 3 connecte te contaet 7 and thence to ground., Lins 2
therefore hes a 1 code marking.

bs In like manner, line 3 can be traced as follows: Line 3 to wiper 15 of 86,
section 2 rear. PFrom 15 to contact 21 (2 megacycles) then to contact 12 of B85
front. Contaet 12 is open, therefore line 1 has a O code marking.

e. Line L does net go to 85 front. B8ince thie turret position covers on & half
megacycle (2.0 to 2.5 me), the circuitry is not normsl on line 4. Line con=
nects to wiper comtact 2 on switch 86, section 2 front. The clircult goes from
contact 2 to contact 8 (2 megacyeles) and then to 85 reasr, contact 9. Contact 9
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connects to contect & through the wiper. From contact 8 the cireuit is to contsct
3 of switch 87 front. Bwiteh 357 i1s the 100 KC switch and is the only switch which
can recognize the helf megacyele polnt. Por the digits O through 4 contact 3 con-
nects to contect 10 and thence to ground. Line 4 hae a cods marking of 1.

d. Line 5 connecte to wiper contact 15 of switch 86, section 2 front. 15 comnects
to 21 (21 megacycles) and 21 connects to contset 6 of 85 front. 6 of 85 connects
to 7 and 8 but is not grounded. Code line 5 is marked O.

274 . The tuned circuilt ewitched into use by the sbove code will be uged from 2 mega=
c¥cles through 2.499 megacycles. At this point a new tuned eireuit is required. Thie new
tuned circuit covere 2.5 megacycles through 2.999 megacycles. The code for 2 to 2.459
megacycles, as previously indicsted, is 01040, The code for 2.5 mnegacycles through 2.999
megacycles 1s 04000,

2.000 to 2.499 Mo o0
2.500 to 2,999 Mo 01000
275. Examinstion of the two codes above shows that they differ only on line 4. If the

ground on line 4 (2.000 to 2.499 megacycles) can be removed, the code for 2,500 to 2,999
megacyeles will be set up and the turret in the power agplifier will rotate and thus set up
the new tuned eircuit. This is exactly the purpose of switeh 87 front on the 100-ke knob.
For the diglt positions O-i, contsct 3 connects to contact 10 which is grounded. As the
wiper turns, contaet 3 will be dlisconnected from contaet 10 when the digit poeition 5 is
reached, For positions 5 through 9, 3 will be connected to contact 5. This removes the
ground formerly supplled through contact 10. When contact 3 connects to conteet Bs line 4
le connected to all the other open lines, nemely lines 1,2,3 and 5. Thie ls neceseary in
order to maintain the image connections for the yetem.

276. It ghould be noted that there is one more psir of tuned cireuits that is hendled
in the sbove manner. The tuning for % to 4 megacycles ie split into two tuned cireuits.

The first tuned circuit covers 3 to 3.499 megacycles and the second tuned ecircuit covers 3.5
to 3.999 megacycles.

The codes for these two cireculte are as follows:

3.000 to 3.499 Me 00404
3.500 to 3.999 Mc 00100

Inspection of the sbove codes indicates that line 5 is the line that must have the
ground removed.

277« Both of these cases diecussed sbove were in the decade O through 9 megacycles.
8ince thie epecial condition does not cccur in the decedes 10 to 19 and 20 to 29, ewitch 85
resr 1s used to disconnect the 100-ke switch 87 front, whenever these decades are in use,
Contact & on ewitch 85 resr is opened snd contact 9 is grounded through contaet 10. Por all
other turret positicns, the 100-kc switeh 15 not used and ewiteh 85, front and rear, 1s used
to establish the pattern of "ground” or "open".

278. 8ince a change of 100 ke or more will reguired thet the operator retune the power
amplifier, a ground pulse is gensrated which will sutomatically put the radio set in the
tune position. This, then.regquires that the 10-Me, the 1-Mc, and the 100-Me knobe generste
a ground pulse if they are turned one position or more.

279 8. For the {0-Me knob, switch 85 rear is used. Whenever this switch is moved from
oné position to snother a contaet on the wiper will momentarily connsct centact 5
to conteet 6. The ground at contact 7 of switch 86 secticn 1 rear can be followed
to contact 3 and thence to contemet 6 of 55 rear. Contect 6 makes momentary contact
on 5. Contact 5 connects to the ground pulse line to Pin H of J20. Prom pin H of
J20 the ground pulse 1g delivered to the bower amplifier cireuitry.

b. For the 1-Mc knob, switch 86, section 1 rear is used. Each time thie switch is
moved one position a wiper contact momentarily mekes contsct with 4. Contact L
connects to the ground pulse line.

c. When the 100 EC knob is moved one position ar more, switeh 87 rear is uped.

The wiper contacts on thie switeh connect contect 8 to either eontact 7 or contact
g io momentarily produce a ground pulse. Contact 8 is aleo connected to the ground
rulee line.
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5% IFront
0 Position
Digit ©

Contacts 1-2-12 Cpen
Contacts 3-4-5 Gnd
Contacts 6-7-8 ¢pen

Contacts  9-10 Gnd
1. Position
Bigit 1

Contacts 1-2-3 Open

Contacts 4-5-6 Gnd

Contacts 7-8-9 Gpen

Contacts 10-12 Gnd
2 Position
Digit 2

Contacts 2-3-4 Open
Contacts 5-6-7 Gnd
Contacts 9-10 Grd
Contacts 1-8-12 Open

£5 Rear
O Fosition

Contects 8-9 Connected
1 Position

Contacts 9-10 Connected

2 Position

Contacts 9-10 Connected
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Code Line #1
g6 Section 3 Front

Digit O Contact 17
Digit 1 Contact 19
Digit 2 Contact 21
Digit 3 Contact 23
Digit 4 Contact 1
Digit 5 Contact 1k
Digit 6 Contact 16
pigit 7 Contact 18
Digit 8 Contact 20
Digit 9 Contact 22

Code Line #2
g6 Section 2 Fear

Digit O Contact 4
Digit 1 Contact 6
Digit 2 Contact 8
Digit 3 Contset 10
Digit b Contact 12
Digit 5 Contact 3
Digit 6 Contact 5
Digit T Contect T
Digit 8 Contact 9
Digit 9 Contact 11

Code Line #3
86 Section 2 Rear

Digit O Contact 17
Digit 1 Contact 19
Digit 2 Contact 21
Digit 3 Contact 23
Digit 4 Contact 1
Digit 5 Contact 14
Digit 6 Contact 16
Digit 7 Contact 18
Digit 8 Contaet 20
Digit 9 Contact 22

Code Line
86 Section 2 Fromt

Digit O Contact b4
Digit 1 Contact 6
Digit 2 Contact 8
Digit 3 Contact 10
Digit b Contact 12
Digit 5 Contact 3
Digit 6 Contact 5
Digit 7 Contact 7
Digit 8 Contact 9
Digit 9 Contact 11

Code Lir
86 Section ¢

Digit O Cont
Digit 1 Cont
Digit 2 Cont
Digit 3 Cont
Digit Lk Cont
Digit 5 Cont
Digit 6 Comi
Digit 7 Cont
Digit 8 Conl
Digit 9 Cont




Code Line #5
Section 2 Front

zit O Contact 17
it 1 Contact 19
it 2 Contact 21
zit 3 Contact 23
it 4 Contact 1
rit 5 Contact 1k
it 6 Contact 16
zlt 7 Contact 18
rit 8 Contect 20
it 9 Contact 22

&
HEE
T EAR
FROWT

FA CODE

56
1] coop

5w ITCH

PA CODE
LiWE MO, 2

SECTION |
REAR

P A COUDE

LINE MO, 3

Fla 32 ~ ENCODER SWITCH MIXING USED IN RT 662/GRC
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AMPLIFIER RADIO FREQUENOY AM 3349/GRJ 106
Ciroult Description of the De-to-Ae Inverter ([fig 1028)

280. The DC-to-AC inverter produces 6.3 VAC, 128 VAC, and =130 VDC. The 6.3 VAC ig the
filament voltsge for the driver tube. 428 VAC is provided for two blower motors and the
=130 VDO is used for biss on the two vacuum tubes in the power amplifier.

28, The de-to-sc inverter assembly utilizes a seiursble-core transformer oscillstor ecir-
cult to develop a Bguare-wave ac output from the 27-voltse de input. When Receiver-Trans-
mitter, Radio RT-662/GRC SERVICE SELECTOR switch is atSTD.BY or any opersting mode (AM, CW,
PESE, SS5B N8K) and Amplifier, Radio Freguency AM-3349/GRC-106 PRIM. PWR. circuit breaker is
at ON, 27 volts de is available at pine 3 and 4 of connector P1. This 27 volte de is applied
to pin L of transeformer T{1 and through current-liniting reslstor R1 to pin 1 of trensformer
Ti. Prom pin L4, 27 volte de ie spplied through primary winding 4=3 to the collector of
switeh Q1 &nd through primery winding 4-5 to the colleetor of switech Q2. Prom pin 1, 27
volte de 1 applied through feedback winding 1-2 and current-limiting resistor R2 to the
base of switeh Q1 and through feedback winding 1-6 and current limiting resistor R3 to the
base of ewltch Q2. These applications sre simultanecue, end both trensistors will be for-
ward biased. However, due to the inherent differences in components snd elreuit unbalance,
one traneistor will start conducting first.

282, Assune switch @1 sterts conducting, the voltage at pin 3 of transformer T1 will
begin to decrease. This will induce a voltege across winding L-3 with pin L positive and
rin 3 negative. Thie will create a field through the transformer core with the seme polarity.
Therefore, since pin 1 of traneformer T1 is referenced to ground through diode CR1, the
polarity of the field around the core will cause the level at pin 2 to rise and the level at
pin & to decresse. 4s long =8 the level at pin & is decreasing (or negative with respect to
pin 1), switch Q2 will be reverse bimsed. As long &s the level at pin 2 is incressing (or
posltive with respect to pin 1), switeh Qi will be driven toward saturation. When ewiteh

Q1 reaches saturation, the voltage across winding 4-3 will stabilize. This condition (@1,
saturated; Q2, cut off) will comtimue until the transformer core reaches saturstion. At
this point, the field around the core will collapse. This will induce voltsges in the prim-
ary and feedback windings of opposite polarity to that just deseribed. Therefore, the level
at pln 2 will decrease and the level at pin 6 will increase. When the level at pin 2 de-
erease and the level at pin & will increase. When the level at pin 2 decresses, switch Q1
ie cut off. When the level at pin & increases, switch Q2 is forward blased and starts con-
duetlng. When switch Q2 starts conducting, the level at pin 5 decresses. The voltage in-
duced across winding L-5 by thie decresse ls of the same polarity as thet indueced by the
collapesing field. Therefore, a new field is developed around the trensformer core with the
same polarity. 8ince pin 1 of transformer T{1 is referenced to ground through diode CRY s the
level &t pin 2 will continue to decrease, holding switech Q1 cut off, and the level at pin 6
will continue to increase, driving switich QZ toward saturstion. When ewiteh Q2 resches
saturation, the voltage induced across winding 4-5 will stebilize. This condition (Q1, cut
off; 42, saturated) will continue until the core 1s again satursted. At this time, the
field will collapse. Switch Q1 will be driven to saturation and switch @2 will be cut off.
The cscillations caused by this process produce a eguare-wave ac output., The frequency of
the ac output, which is determined by the saturetion time of the transformer core, is
approximately LOO ¢/s. Any transients or epikes produced at the collector of either switch
by the instantanecus transfer from cut off to saturation are applied through either diode
CR2 or CR3 to zener diode VR1. If these pesks exceed 68 volte, zener diode VR4 will fire,
shunting the peaks to ground.

283. There are three outputs from the de-to-ac inverter assembly: 6.3 volts ac, 128
velte ac, and -130 volts de. The 6.3 volts ac, 400 e¢/s driver emplifier 2ASVY filement
supply is developed seross winding 7-8 and applied to pins 5 and & of comnector P1. The
voltage developed mecross winding 5-13 is applied mcross bridge rectifier GRY4Y, CR5, CR6 and
CR7+ The -100-volts dc output from the bridge rectifier is applied to pin 13 of connector
P{ to be used as the bias supply for power smplifier tubes ZA1A1VY and 24141V2. The voltnge
developed across winding 9-13 ie also applied to pins 1 and 2 and pine 9 and 10 of comnector
P4. PFrom pins 1 and 2, the 128 volte eec LOO o/B, 18 aspplied to the internal blower motor on
the main frame plemims Pin 9 of connector P{ is connected to one side of the external
blower motor on the case. Winding 9-13 is tapped, and this line is applied to pin 11 of
connector F1, Pins 10 and 11 of connector P{ are connected to thermostat 24681. Thermostat
2Ab8B1 is comnected to the other side of the external blower motor. While the temperature
in the case is below 75°C, the voltage between pins 9 and 11 of connector P{ i applied to
the externsl blower motor. If the temperature in the case exceeds 78°C, the 128 volts ac
between pine 9 and 10 of comnector P{ is applied to the external blower motor, which will
increase its speed to provide more alr flow. Pineg 7 and 8 of connector P{ are jumpered to
provide an interlock so that if the blower inverter is disconnected, the ground path to
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standby relsy 2A5AZKY is broken. Therefore, no power cen be spplled to the power amplifier
tube filement, the DC-to-DC converter, and the protectlon eirculte.

Oirouit Desoription of the Do-to-Do Oonverter (fFig 1028)

28L. The DO-to-DC converter produces two outputs. The 500 VDC ocutput ie used for the
sereen grid and plete voltage on the driver stege and for the screen grids of the output
stages. The 2400 VDC output supplies the plate circuit of the outpot stage. This converter
uges an extre trensformer in the feedback loop. With large load currents it le undesirsble
to saturate the output transformer. Thie prevents the formation of splkes in the collector
circuits of the ewltch trensistors. The full load collector current wave shape is still a
sguere wave but does not have spikes st no-load. Therefore, a saturable core transformer is
ugsed at low power in the feedback loop. The efficiency is also grestly improved by thie
method of operation, sinece the loss due to heat 1s less.

285. The 27 volts dc at contact 4 of relay ASK2 (P/0 ASA2) is applied through contaect

2 to charge capacitor A5C1 while reley APK2 ie de-ensrgized. When the radio set ls keyed,
the keyline ground is spplied to pin N of CONTROL conngctor J2, through contmete 5 and 1 of
relay AZK3, the relay will energize. When relay AZKZ 1ls energlzed, the converter feedback
path is completed through contacts 1 and & of relsy AZK2 and capscitor AGCH discharges
through contacts 2 and 5 of the relsy, the parallel combination of resletor AGRL and resis-
tor Aglﬁﬁ, and the base-emitter junction of ewlteh A6Q1. There i1s 27 volts de applied to the
gollector of ewiteh 46Q1, therefore, when capscitor AGCY discharges, ewitch A6Q1 ls forward
bissed and conducts. The conduction of ewitch ARG eauses current flow through resistor
ABR3 and the base-smitter Junction of switch AZQP. Bince there 1s 27 volts de applied to
the collector of ewitch A2, the bese clreuit starts a flow of collector current. When
switch AZQ2 starts conducting, the level &t pin 3 of transformer ASTY will decrseses This
will induce s voltage across windlng 2-3, which results in a voltage being induced across
winding 8-10 of transformer A2T1. This voltage i applied amcrose pins 1 end 3 of trans-
former ASTZ through contects 1 and 6 of relay A2K2 (energized)., The field developed as 8
regult of this voltage, induces a voltage merces the secondary of transformer A2TZ2 such that
pin 4 is positive end pin 5 is negative. The positive level at pin Lk is applied to the bhase
of switch A2Q2, which drives aswitch APQZ into ssturstion. The negative level st pin 6 holds
switch @1 cut off. When switch 4282 reaches saturstion, the voltage induced in the vardous
windings stabilize until the core of transformer APTZ2 is saturated. At this time, the field
around transformer ASTZ collapses, the polarities st pins 4 and 6 reverse, switch A2Q2 is
cut off, switeh @1 is driven into saturation, and the process i= repeated in essentially the
game wsy &8 described for the de-to-me inverter assembly with one exeception. Transformer
AZPT1 does not saturate. AZT2 in the feedback loop performs this funetion. This is done to
improve efficiency and to prevent the formation of transients across the "off" transistor.
The fregquency of cscillation of thig converter is spproximately 4200 c/s.

286. There are three outputs from traneformer AST4. The cutput seross winding 810 1s
the feedback signal spplied to transformer ATZ2., The output merces winding 6-7 ie rectified
by bridge rectifier ANCR{, ALCRZ, ALCR3 and AJCRL. The regulting 500 velte de is applied to
pin 1 of comnector J1 to be uped as the plate and sereen grid supply for driver amplifier
288V4 snd the screen grid supply for power amplifiers 2A4141VY and 2A141TV2. A representative
portion of this voltege is applied to the front panel TEST METER eireult. The signal scross
winding 4-5 15 rectified by bridge rectifier unit A2CRE, and the resulting 2400 velts dec 1a
applied to pin Al of connector J1 to be used as the plate supply for power amplifier tubes
ZAMAIV1 and 2AMA1VZ. A representstive portion of this voltage is spplied to the front panel
TEST METER circuit. The power amplifier plate current flows through resistor ASR1, and the
regultant voltage drop is spplied to the front panel TEST METER circuit to provide an
indication of power amplifier plate current.

287. When t he AN/GRC-106 1s unkeyed, the feedback path through contacts 1 and 6 of relay
AZK2 ip broken, snd the cscillations stop. At this time, 27 volts de is spplied through
contacts U and 2 of relsy AZKZ to capacitor 46C4. Cspacitor AGCY will recharge to the
supfl:;‘ valtage, snd when the AN/GRC-106 is keyed agsin, the process described above 18 re-
Deated.

Quer-Qurrent and Under-Voltage Protection Jircuit (fig 1028)

General

2858, The DC-to-DC converter is provided with an over=current protection circuit which
willl turn off the converter whenever the power amplifier tubes draw plate current in excess
of approximately 375 milliasmperes for spproximetely 40 milliseconds. 4An under-voltage pro-

tection circuit is also provided. This sspures that the switch trensistors @1 and Q2 cannot
operate below the satursted condition.
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Over-Jurrent Protection

289. When the radic set is keyed, the ground keyline is spplied through contacts 5 and

1 of relay A3K3 (de-energized) to pin 3 of relay AZK2 to start the de-to-de converter. If
power amplifier 2A1A1Vi-2A1A1VZ2 draws excess plate current, relsy A3K1, which is in the
rlate current return path, will be energized. When relay AZK1 1B energized, the 20-volt de
cutput from regulstor ASVRY 1s applied through contacte 2 and 5 of the reldy and feed-
through capacitor A705 to the RCG combinetion of resistor ATRY and capacltor AT7C14. The time
constent of the RO combinstion ie such that after approximately LO Millimseeconds, the charge
on cepacitor A7CAL will exceed 10 volts de. Thie will ceuse zenmer dlode A7VRS to conduct .
When zener dicde ATVR3 conduets, current flows through resistor A7RB. This potential l1s
applied to silicon-controlled rectifier A7Q2 to trigger it. Bince the coll of relay AJKD 1s
part of the conduction path for BCE ATQZ, when the positive potentlal 1e applied to 8CR ATQE
end the SBOR conducts, relay A3E3 is energized. When relay AJK3 i1s energlzed, the ground kep
line to relay AZKZ2 (sbove) is broken, which de-energlzes relay AZK2. When relsy AZK2 is
de-energized, the feedback path from transformer A2TY to transformer ASTZ2 ie opened, which
turns off the de-to-de converter assembly. Thie condition will continue until the TUNE-
OPERATE switch ASS6 1s moved from cne postion to the other. This bresks the +27 VDC to elli-
con controlled rectifier A7QE2. This turne off A7Q2 thus de-energizing relay ASK3 and the
ground keyline circuit is agein completed to reley AZK2., When switch A586 is operated con~
taete & mnd 411 are broken to bresk the 27 VDC line to 8CR AVQ2.

Under Voltage Proteotion (Fig 1028)

290. While the de-to-de converter assembly is turned off, there is no feedback voltage
at plna 1 and 3 of tranaformer A2T2, there is no signal spplied to the cathode of zener
diode ATVR2, and the cathode of zener dlode ATVRY is held essentlally at ground through con-
toacte & and 6 of reley AZEZ and winding 2-3 of trensformer A2T2., When the AN/GRC-106 is
keyed, the de-to-de converter assembly is turmed on. The feedback signal 1s detected by
dicdes ASCRY and ASCORZ2, snd the resultant output is applied through iselaeting resistor ASR1
end feed-through capacitor A7C3 to the cathods of zener diode AYVR2. Under normal operation,
the level at the cathode of zener dlode ATVEZ is of suffilcient amplitude to operate zener
dicde ATVR2 {within approximetely 30 milliseconds from +the time the de-to-de converter ls
keyed). This will suprly encugh current through the base-emltter junction of switch ATWH

to keep ewitch ATQY conducting in ssturstion. Since the coll of relay ASK2 is in the con-
duetlion path for switch A7Q1, when ewitch A7Q1 1s saturated, relay ASK2 is energliged. This
gondition will contire ss long es the operation of the de-to-de converter agsembly is
normal .

291 . fihen the radic set is keyed and the de-to-de converter assembly is turned on, the
ground at the junction of resistors ATR1 and ATRZ 18 removed (contactes 6 and 8 of relay
AZK2 opened). The 20-volt output from regulator ASVR{ 1s then spplied to the RC combination
of resigtore ATR1 =nd ATRZ end capscitor ATC10. The time constant for the RC combination
is such that after 130 ms, the charge on capeeitor A7C10 will reach 10 volte. This will
cEuge zenar diode ATVRE1 to conduet. However, as long ae reley A3EZ i energlzed, there is
no eonduetion path for zener diode ATVE1.

292, If the output voltsge from the de-to-de converter assembly should decreapse, the
feedback voltage will also decrease. If the voltege at cepacitor AVCAY drops below approxi-
metely 10 volte, zensr diode ATVRZ will stop conducting. Therefore, the base to emitter
junetion of ewiteh AT7Q1 will be reverse blaeed and stop conducting. Dicde ATCGE1 in the
emitter eirecuit of swlteh ATQ1 provides reverse bimsing to hold ewitch ATQ! non-conducting
when zener diode ATVRZ ie not eonducting. At this time, relay A3EZ is de-energized, snd a
conduction path is provided for gener diode ATVVE1 thro feed-through capacitor AT06H, con-
tacte 1 and 5 of relay ASKZ2, feed-thrbugh capacitor A7CL, inductor ATLA, and resistor ATRS.
This triggers SCR A7Q2 and the de-to-de converter aseembly is turned off apg described
previously. Kormal operation can be resumed after the fesulty condition ie repalred; by
operation of the TUNE-OFERATE ewitch ASB6.

FPOFER CONTROL QIRQUITS (FIG 1028)
Initial Voltage Application

293. Twenty-eeven-volts de primery voltege for the AM-3349/GRC-106 is spplied to pins 4
and B of PRIM, FOWER connector AGJT7. When FRIM FWR circuit bresker ASAZCBEY is set st ON,
the 27 wolts de ie epplied through polsrity dicde ALAPCRY to pin L4 and contact 3 of standby
relay ASAZK1. Relsy ASAZEY is not energized until & ground is spplied to pin 1. The ground
necesgary for ensrgizing relay AGASKY 1s generated by the SERVICE SELECTCR swlitch on the BT-
B62/GRC. (fig 1021‘.3 When the SERVICE SELECTOR switch on the RT-662/GRC is set at STAND EY
or any operste (CW, AM, FSE, or 88B HEK:II pogition, switeh 84 section 2, front, connecte a
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ground through feed-through capscltor A1C2L and Lesection filter AVALLA-A1ALCY to pin N of
PA CONTROL connector A1d20 which 1s connected to pin N of CONTROL connector ASJ2 through
Cable Aseembly, Speclal Purpose, Electrical CH-10099/U. Pin N of CONTROL connector ASJZ2
connects the ground through Lessetlon fllter ASA1AZCT-ASA1AZLY, feed-through capacitor
AS5A1C1L4, pin 21 of connectors ASJ1 and A1XA5, pin 8 of commectors A1J4 end AGKAY, pin 8 of
connectors AGJY and AGAIP1, pin 7 connectors 40P and A6J1, pin 7 of connector ﬁéxm and
A1dl, pin 1% of connectors X1XAS5 snd ARJY, and thermostat 4583, which will be eclosed st this
time, to pin 1 of relay ASAZK{. If the equipment is over-hested, A4S3 will open, de-ener-
gizing relay ASAZEA and removing the 27 volts de.

Stondby Voltage Diestribution

294. When pground is applied to pin 1 of relay ASASKY, with the 27 volte de on pin 4,
relay ASAZKY will energize and apply the 27 wolte de through contsets 3 and 2 to the follow-
ing points: pins 3,4 snd 5 of comnector ASJi, contact L of relsy ASAZKZ2, voltage regulator
ASASVRY, collector of switch ASAGQY, corntact G6 of TUNE-OFERATE switch 86, and to pin 3 of

reley ASASKZ2. Algo at this time, 27 volts de is applied from contsct 3 of relay AGAZKY to
pin 2 of transformer ASASTY.

8: From pins 3 end 4 of comnector A5J1, the 27 volts de is applied through pins

3 and L4 of connector A1XAS5, pine 3 and 4 of conneetore A1J1 snd AGXAY, pine 3 and

L of econnectors AGJ1 and A6P1, and part of the primery of transformer ABAITY to

the collectors of switches AGMQY and ASA1G2. It ie slso applied through resistor
ADATR1 snd other parte of the primsry of transformer ASATY to the bases of awitches
ABA1QY and ABAIGQ2. These two applications start the switching action in the de-to-
ag inverter amggenbly.

b. PFrom pin 5 of connector A5J1, the 27 volts de is applied through pin 5 of con-
nector AMXAS to the following polnte: power amplifier AJAIVA-A{A1VE filsments,
collectors of emitter followers ATATAIQY and A1A141Q2, pin 3 of connector A1 A1 XA,
and pin & of connector A1ATXAT.

1+ The 27 volte de 1s the filement voltage for power amplifier A1A1ViI-A1A1V2.
It is applied to pin 7 of A1AIVY and to pin 3 of AMA1V2. Capacitors A1Ci6 and
K1CAT provide filtering.

2, The 27 volts de is applied to emitter follower AT AIQY and AMATAIGE to be
used as operating voltage. These emitter followers are the cutput ecirecult for
tune level control signel and the TEST METER grid drive indication.

3+ The 27 volte de &t pin 3 of connector AJAIXABR is agplied through pin 3 of
connector ASTY and resisvors ABAIRT, ABAIRS, and ASATRE to grid circuit of
driver amplifier ABVH. Thie ie the grid biases for driver amplifier ASVY '
which ia regulated by zener dicde ABAIVR1 and adjusted by ASAIRG.

¢. The 27 volts de applied to resistor ASASRZ in the regulator ASASVRA circuit,
contact C& of TUNE-CPERATE switch 86, pin 3 of relay ASA3KZ, (collector of ASATGA
operating voltage for the de-to-dc converter sssembly protection cireuitsg).

Operats Voltoge Diatribution

295. The 27 volt standby supply is used to develop the 27-volt operate supply and 1s usged
in eonjunetion with it throughout the equipment as deseribed below.

&» The standby 27-volts de at piln & of connector A1A1XA7 is applied through pin 6
of conneetor A7TJ1 to contacts X1 and A2 of time delay relay ATEL, contact 4 of
operste relay ATKS, contact 1 of turret motor relsy A7K4, pin 7 of tune locking
relasy ATEG, contact 1 of csapacitor motor relay ATE2, and eontact 1 of bandswiteh
motor relay A7K3. After a bl—second delay, contact AZ of time delay relsy AVEL will
close with contact A1, and the 27 volts de is spplied to pin 7 of operste relay
ATES, In any operate position (AM, FSK, CW, 8SB NSK), SERVICE-SELECTOR switch
(rig 1026) 4184 section 2, front, on the RI-662/GRC spplies a ground through con-
tacts 9 and 10, fesd-through capacitor A1C23, L-sectlon filter AlahLe-aiaic2, pin P
of' PA CONTROL connector, Cebls Assembly, Specisl Purpose, Elesctrical CX-1 oog9s,/1,
pin P of CONTROL connector A5J2, L-section rilter ASAi O2CU=ASA1 ALY, Teed-through
capacitor AS41C11, pin 15 of connectors A5J1 and AMXEAS, and pin 10 of connectors
AMAKAT and A7JY to pin 3 of relay ATES. Therefore, as soon as the time delay is
over, relay AVES is energigzed. When relay ATKS is energlzed, the standby 27 volts
de at contact 1 is spplied through contaect 6 to pln 15 of connectors ATT4 and
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A{A1XA7, contacts 2 and 4 of relay A7K6 and pin & of A1A1XA7, and pin 11 of con-
nectors AXA5 and A5J1 to pin 7 of relay A5AZK2 and pin Li of relay A5K1 (Antenna
Switching) to be used as the operate 27 volte de. With 27 volts dc on pin 7 of
ASAZKZ at any time ground is applied to pin 3 of relsy ATES, the reley will be
energized, breaking the operate 27-volt line during tuning. ‘When turret motor re-
lsy ATE1 1s energized, the 27 volts dc at contact 1 is applied through contuct 6,
pin L4 of connectors A7J1 and A1A1XA7, and pin 1 of connectors A{XA2 ond A2J1 to
energize turret motor AZB1. When capacitor motor relsy ATEZ is energiced, the 27
volte de at contact 1 is applied through contset 6, pin 1 of connectors A7J1 and
AMAMXAT, pin 1L of A1XA3 and A3J1, and feed-through capacitor A3CiL to energize
capecitor coding motor A3B1. Winen bandswiteh motor relsy ATES is energlzed, the
27 volte de st contact 1 is applied through eontaet &, pin 3 of comnectors A7J1
and A1A1XAT, pin 22 of connectors A1XA3 and A3JY, and feed-through capscltor A3C22
to energlze bandswitch motor AZEZ.

b. When the equipment i1s in standby, 27 volts de is applied through contacts 4 and
2 of relay ASASKZ to charge up capacitor ASASC1. At the ssme time, 27 volts do is
applied to the collector of switch ASAGQ1. As long as the eguipment is unkeyed,
this condition remsins scatie. When the eguipment is in an operating condition, 27
volts de is applied from pin 14 of connectors A1XAS and ASJ1 to pin 14 of relay
AFE1 and pin 7 of relsy ABASKZ. When the equipment is keyed, ground 1s applied to
pin L2 of relay ASK1, which wlll be energized to connect RF output line to the an-
tenna in use. This ground is also applied through contacts 5 and 1 of relay ARAZKS
to pin 3 of relay ABAZKZ2., When relsy ASAZKZ2 is energilzed, capacitor ASABCY will
discharge through contacts 5 and 2 to the base of switch ASABQY. Switeh ASABQ! is
driven into seturation, and the pulse is applied to the base of ASAZQ2 in the de-
to=de converter sssembly. 8ince 27 volts de is avseilsble from pin 3 of tranaformer
ARASTY, ASAP42 will stert the de-to-dc converter switching action.

¢. The opsrate 27 volte de applied to dropping resistor ASASR2 les applied to pin
{ of TEST METER switch A582. When TEST METER swltch A582 is set at PRIM VOLT, the
27 volte de is applied to TEST METER M{ to provide an indication of the level of
the operate 27 volts de.

LEVEL OCONTRQL SIGNAL CIROUITS (Fig 1028)
Genaral

206. The purpose of the level control signsl ecireuits is to maintain the output from the
Power Amplifier at a nominal vslue of LOO watts FEP. The OPERATE level controls the cutput
during normal operation. The TUNE level controls signsl funetions during tuning at which
time & reduced level signal is regquired.

297. Fig 33 provides, in block form the method used to secure automatic control of the
power amplifier output. This bloeck disgram shows the circuitry contained in the power ampli-
fier snd indicstes the path of the signal in the control loop. The control loop includes
portions of the receiver-transmitter RT-662.

Operate Level Jontrol Signal

298. The cutput from the AM-3345/GRC-{106 is sampled and detected to provide a de signal
to Recelver-Transnitter, Radlc ET=662/0RC to control the output from RT-602/GRC. The output
from power amplifier 2A141V4, 2AA1V2 18 applied through the tune diseriminator and the load
digeriminetor to comnector 2ALASPY, from which it is applied through connectors 2ALAZTY,
ZAUP3, and 24372 to the impedance mateching networks in antenna coupler assembly 2A3.

299. The power on the 50-chn line is sampled across capacitive divider A3CY, ASC2. This
pampled voltage is detected by diode A3CR1, filtered by cepascitor A3C3, and used to drive
emitter follower A3Q@1. The output from emitter follower A3Q1 is applied through ccnnectors
20N T2=44 , 2AMP2=-A1, 2A1XAR-A3, 245J1-A3, Teed through capacitor 2A5A1013, and pl-section
filter to pin C of CONTROL conmector 2A5J2 for connection to the RT-662/GRC.

300, When the TUHE-OFERATE ewitch AGS6 is set to OPERATE, the tune level control signal
output i1s grounded through contacts 7 and Ch.

3. The cutput from emitter follower ALA3QY is directly proporticnal toc the peak RF
envelope output from the peak RF envelope output from the power amplifier. This control
gignal 1e applied to through pi-gectlon to pin C of CONTROL connector ASJZ, which 1is con-
nected to pin C of PA CONTROL connector A1720 on the BT-662/GRC through Cable Assenbly,
Speclal Purpoee, Electrical CX-10099/U. Pin C of PA CONTROL connector J20 spplies the level
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control signal through L-section filter A1A3502, A1A3L2 (fig 1026) and feedthrough cepscitor
A1C25 to PPC control AMR15 and APC comtrol A1Ril. The FPO control A1R15 1s used to edjust
the peak power control de voltage level applied from the AM-33L9/GR0-106 to PPC de amplifier
A394 in transmitter IF, and audio module 145, (fig 104L) The APC control, A41R1k4, is used to
very the de voltage level applied to veltage divider A1B11, 24R5 and A1R6. The mode of
cperation determines the point on the voltage divider that is to be connected to the BERVICE
SELECTOR switch. The SERVICE SELECTOR switch comneets the de voltage from the voltage
divider to APC de amplifier A3G1 in trenemitter IF, snd audic module 145 through dicde AYCRY.

Tune Lewel Jontrol Signal

302, The input to wer amplifier ZA4A1VH, ZAMAIV2 is detected end applied to Receiver-
Trensmitter, Radio REI-bbz/GRC when the TUNE-OPERATE switch is set at TUNE, Thig voltege is
used in addition to the opsrste ALC signsl, to provide the additlonsl.control over the RT-
662/6RC required for tuning. The input to the grids of power amplifier ZAITAIVY, 2A14V2 1s
epplied to a shunt detector circouit. When the signal goss positive, cepscitor A1AT4104 will
chsrge to nearly the peak vslue of the applied Bignal. The negstive portion of the signal
will be shunted to ground threough the low impedance of diode CRi. On the roesitive portion
of the signal, diode CR1 will be reverse biseed, csusing capacitor G1 to discharge through
resletora R10 and B14 and thermistor RMM. The discharge time constant is such that a modu-
lated dec signal is applied to the base of emitter follower Q2. Emitter followsrs @1 and @2
ere used to provide s high impedance load for the shunt detector eircuilt snd s low impedance
cutput to the RT-662/3RC. The cutput from emitter Tollowsr Q1 18 applied through pin 25 of
connectors 2A1XAS and 2A5J1 and contacts 8 and G4 of TUNE-GPERATE switch 24586 (TUNE
poeition) to pin B of CONTROL connector 2A5J2 for application to the RT-562/GR0.

2035, Thermiegtor BETY provides temperature compensation for the drive to emitter follower
§2. QCapscitor C2 is an RF bypass. Resistor 2A1A1MRT7 rrovides a de return for the tune
ALC circuilt.

304, The output from emitter followsr A1A1MG1 is applied through pin 25 of connectors
A IAS smd A1, contsets & and O of TUNE-OPERATE switch A186 (when set st TUNE), feed-
through capacitor ASA1C10, and I-section filter ASA1AZLE, ABAVAZCS, to pin B of CONTROL con-
nector A5SJZ. CONTROL eonnector ASJ2 is econnected through Cable Assembly Speelal Purpose,
Electrieal CX-10099/U to PA CONTROL connector A1J20 on the RT-662/GRG. The de signal is
applied through L-section filter A1A3C3-A1A4A3L3, (fig 1026) diode A1CRB. Tune level contral
A1RB13 is used to sdjust the level of the tune level control slgnal to APC do amplifier A3QY
in trensmitter IF. and audio module 1A5. (fig 101L)

BLOCK DIAGRAM OF RF AMPLIFIER, AM-3343/GR3-106 (fig 33)
Moin Signal Flow

305. The RF cutput from Receiver-Tranamitter, Radioc RT-662/GRC is connected to RF DRIVE
connector ASJ3. RF DRIVE connector ASJ3 connects this RF signsl to the input bridge cireuit.
This input bridge circuit provides the necessary isolation between the RT-662/GRC and the
feedback loop in Amplifier, Redlo Prequency AM~3349/GRC-106., Output signels from the input
bridge clreult are comnected to driver amplifier ASVY, where they are ralsed in level and
applied to power amplifier ATA1VI-A141V2. One of thirty tuned transformers {mounted on the
motor-driven turret sssembly) is connected into the outpit eircuit of driver amplifier AGBVY.
The tuned transformer 1s sutomatically programmed into the elreuit according to the operat-
ing frequency selected at the RT-662/GRC. These tuned transformers ensure optimum load
impedsnce for driver tube ASVY, providing low distortion snd maximum voltage transfer.

Fower smplifier AMA1VI-A1A1V2 conelstas of two e¢lactron ftubes connected in parallel that raiss
the RF signal level to LOO watte PEPF. The ocutput signals from power amplifier AAITI-A1MIVE
are comnected thwrough tune diseriminetor ALAY and load discriminator ABAZ to the antenna
ecupler circuits. Feedback i1s provided betwsen power soplifier A1A1VA-A1MAV2 and driver
amplifier ABVM to ensure linear operation. One of the tuned transformers {mounted on the
motor-driven turret assenbly) is connected into the output programmed into the eircuit
according to the freguency belected st the RT-662/GRC. These tuned tranaformers ensure
optimum load impedance on the power smplifier tubes providing low distortion snd maximum
power output to the antenna coupler. The sntenna coupler consists of the manmally-tuned
antenna tuning and antenna loading eireuits, and the autonatically programmed antenna switch=
ing eircuits. When the TUNE-OFERATE switch is set to OFERATEs the power output from the an-
tenna ecoupler is applied through relay ASKY and switch AS85 to either WHIP connector ASTE

or 50 OHM LINE comnector ARJG.

Tuning

306, The phase snd load discriminstor circuits are each egeentlally a toroidal trsna-
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ormer, thro which the output eignels from power amplifier AMAIVI-A1A1IV2 are passed to
:ha an‘t':-BIma Eﬂplw circuita.pu'rum discriminstor AllA1 senses sny phase difference between
the transmitted voltage snd current waveforms and displays & relative indication rroportion=-
gl to the difference on ANT. TUNE meter ASMZ2. Load discriminator ALAZ senses eny differsnce
in magnitude between the transmitted voltage and current waveforms and displays a relative
indication, proportionsl to thie difference, on ANT. LOAD meter ASM3. The antenns tuning
and antenna loading circuits are varied by the ANT. LOAD end ANT. TUNE conirols, regpactive-
ly. When the TUNE-OFERATE switch is set at TUKE, the ANT. TUNE and ANT. LOAD controle are
pdjusted for zero indications (center scale) on their respective meters, ASM2 and ASM3.

When the ANT. TUKE meter gives a center a gero indieation, there is no phase difference be-
tween the trensmitted voltage and current waveforms. When the ANT. LOAD meter gives &
penter gero indleation, the voltage and current waveforms are in proper ratic for a 50-ochm
line impedsnce. The antenna snd the AM=3349/GR0O-106 will be correctly matched in this con-
dition for a 50-chm reslistive line impedance. A counter is mechanieaslly coupled to the ANT.
LOAD and ANT. TUNE controls to provide a reference indicastion, which is recorded on the
LOGEING CHART for future tuning to the same operating fregquency.

Level OJontrol Signal Generation

307. Two level control elgnals are generated in the AM-3345/0RC-106: operate and tune,
The output from power amplifier A1AIVY, A1A1VZ2 is envelope—dstected by dilode ALAICRY and
applied to emitter follower ALA3QY1. The modulsted de output from emitter follower ALASQY 18
applied to pin F of CONTROL connector A5J2. Thia signal is then applied to the voltage
dividar network in the RT-662/0RC, where it ie proseased and used for controlling the systen
gain. The input to power amplifier A{A1W - A1AIVZ is mlso envelope—detected by detector
AAMANCRY, AMATAICHS and spplied to emitter followera A1AYA1Q2 end ATA1A1Q 1« The emltter
followere provide s high shunt impedance for the detector load: The modulated de cutput from
the emitter followers is applied to pin E of CONTROL connector ASJZ2 through TUNE-OFERATE
gwiteh A586, when it ie set at TUNE. Thie signsel is then connected to the ET-5662/GRC. The
tune level control signal provides the additionsl contrel in the system gain, which 1s re-
gquired when tuning the system.

Power Supply

308, Any time that the SERVICE SELECTOR switch on the RT-662/3R0 is set at STANDEY or
any operating pogltlion,; a ground is applied from pin X of CONTROL connector ASJZ2 to the coll
of relay AGASHY. When FRIM PWR circuilt breaker ARASCE1 is set 0N, 27 volte de ie also app—
lied from PRIM POWER connector ASJZ2 to relay ASK1. Thie energikes relsy ASAZEY, and this,

in turn, applies the 27 volte de to the de-to-de converter assembly and to the de-to—ac in-
verter assenbly. These two assemblies produce all volteges used in the AM-3349/0RC-106
except the 27 wvolts de. Under-voltage end over-current protection for the de-to-de converter
agpembly 1s also provided,

Paramater Monitoring

309. TEST METER ASMY is provided to monitor various voltages and pereameters of the Al-
3349/0RC-106 to determine whether or not the equipment is funetioning properly. TESI METER
M1 provides indications of the paramsters selected by TEST METER swlitch 81.

Receive Funotion

510, During receive operation, sny RF silgnal received by the antenns is applied to
elther WHIP connector 2A5J6 or 50 OHM LINE connector 24575, depending on the entenna being
used. The RF signal is applied through switeh 2A585, and sntenns switching relay 24FK1, to
BCVE ANT comnnector 2A5J4. ROVR ANT connesctor 2A5JL is comnected to RECEIVER IN connector
141J16 on Recelver-Transmitter, Radloc RT-662/GRC.

DEIVER AND POWEE AMPLIFIER STAGES (Fig 1028)

Ganaral

M. The driver and power amplifier steges emplify the low level from the trensmitter
saction of Recelver-Tranemitter RT-662/GRC to & 400-watt FEP level in the BE8E and AM modese
In the OW and FHE modes the level 1s 200-watte average power.

Driver Amplifier

2. Driver amplifier 24A8VY amplifies the low level output from the RT=-662/GRC to a
level suitable for driving power amplifier 2A4A4VY, 2A141VE2. The output from the RT-6E2/GRC

Poge 98 Tasus 1, 31 Mar 67



ELECTRICAL AND MECHANICAL
ENGINEERING INSTRUCTIONS (AUST)

FEEDBACK
L 3
RF DRIVE
(FF_oRve ] — DHWFE'FE!R POWER "
S > AMPLIFI AMPLIFIER | g
>'_"' BRIDGE ABVI AlAIVI-BIAIVE
ANT. TUNE
DETECTOR
BIAIAICRE- |
AIAIAICRS
EMITTER
FOLLOWER
AIAIALGR
y
EMITTER
FOLLOWER e
ATATAIGI =
FEEDBACK LOGP
Fro
CONTROL y
< FEEDBACK
ASJZ-N D> - Lioe
OVER CURREN
OC-To-DC UNDER VOLTAC
CONVERTER PROTECTION
P/ 2400 CIRCUIT
AS VOLTS pc P/D AS
PRIM.
POWER e
——— STANDBY
n.5..|?>-.__0 o RELAY
AZKI
| FRIM., PWR. I F/0 A5
ASAZCEI
——= - 110 VOLTS DC BIAS
% DC-TO-AC
aA5J2- S
e =y Pk et 128 VOLTS AC TO BLOWERS
F/D AG
CONTROL ——e 6.3 VOLTS AC TO DRIVER
AMPLIFIER ABWYI FILAMENT!

Tesue 1, 31 Mar 67

FIG 33 - BLOCK DIAGR



PHASE

DISCRIMINATOR

LETY

LOAD

" aanz

DISCRIMINATOR

ANT. TUNE | ANT, LOAD l

ANTENMA
COUPLER
SWITCHING

[ ——————
| AMTENNA
I TUNING >
ELEMENTS
Fan
i
/f COUNTER

ANTENNA
LOADING

ELEMENTS

K

A
COUNTER

ANTENNA

|

|

|

| d!

| e ]
|

|

|

|

ANT. LOAD
A
#
v

RPN R

RECEIVE

TRANSMIT

RF EMITTER
DETECTOR FOLLOWER
CRI =1
P/O A4A3 P/ A4AT
PfO
a556

| OVER CURRENT-
UNDER VOLTAGE
PROTECTION
CIRCUIT
. P/O AS

=C BIAS

£ TO BLOWERS

ES TO.DRIVER
BEYI FILAMENTS

LCK DIAGRAM OF

2400 VOLTS OC TO

w POWER AMPLIFIER

AlBIVI=ALAIVE
PLATES

SO0 VOLTS DE TO
DRIVER AMPLIFIER
ABVI PLATE AND

* SCREEN AND

POWER AMPLIFIER
ALBIVI-AlA|VE
SCREENS

PRIM. WOLT.

LOW WOLT.

HIGH WOLT,

DRIVER

;

P& CUR.

POWER OUT

-

,UH

}

|

QPERATE

TEST METER

CUR. -

—0

ASS2

RF AMFLIFIER aAM=3349/crc 106

HH?

ASMI



TELECOMMUNICAT | ONS

LOW WOLT, l

HIGH WOLT. O

J

DRIVER CUR. -

ASS2

ASMI

|, PREFIX ALL REFERENCE
DESIGNATIONS ON THIS
DIAGRAM WITH UNIT
NUMBER 2.

2 = INDICATES FRONT

H 172
RCVR. ANT]
a
r_________.__.h.._____l ohEas
] I RECEIVE | WHIP !
| ANTEMNE ANTENMA | 4506
OR o TUNING —— COUPLER —w—’ |
I ELEMENTS SWITCHING i TRANSMIT | A555
|
b | Fa | 50 OHM LINE
L4 “~ | |
| 47 COUNTER | I T
: '
| ¢ ANT. LOAD | | 1 s
| 0 | ANTEMNA
ANT. TUNE ANTENNA - SWITCHING
| LOADING ’ | —0L I
| ELEMENTS ~ F
COUNTER £ ASCRS
i J— i[ '-GLE
| ANTENNA o |
|_¢DUPLEH a3 _J
P/C
RF EMITTER CONTROL
DETECTOR FOLLOWER
) el T—as2-F LEVEL CONTRD
B 44 Py I . '
0 A443 0 A4A3 : e SRels
| ATTENULTOR
i [N TRAAKSMITTER
! IF. aNE &uDIO
s MODU.E 145
b o L {usiz-€
P/O
A556
|F"FllH. YOLT.

GRID DRIVE ”

PA CUR.

— o

POWER OUT

o

-33,9/arc 106

FANEL MARRING

Page 99



TELECOMMUMN | CAT | ONS ELECTRICAL AND MECHANICAL
H 172 ENGINEERING INSTRUCTIONS (AUST)

is applied to RF DRIVE connector 2A5J3 on the front psnel. From here, it is routed through
comnectors 2A5J1-A1, 2A1XAS-A1, 2A1AVXAES-AL, T1-Al4, and P4 to connector A1Ji. From connec-—
tor A1J1, the RF input eignel is applied to an inpot bridge (fig 34). The input bridge
glpebraically sums the rf input with an inverse feedback signsl that is proportional to the
output from power amplifier 2A4A1VH, 2A1A1VZ2. The inverse feedback maintains the gain
characteristics of the AM=-3345/GRC-106 relatively constant over the ertire range of trans-
mitted freguencies. It aleo inereases the linesarity, thereby reducing the intermodulation
digtortion. x

T H
—— 11 '
] ROOY -#: Con

Fieg 34 - DRIVER INPUT BRIDGE

33. The RF input is coupled by cspacitor A1C1 to the primary of transformer A1T41, and
coupled by transformer action to the secondary of trensformer A1T41. Resistor A4R1 provides
the proper terminstion for the RF input signel. The primary of transformer A1T4 is tuned by
capacitor A101 and the secondary of transformer A1T1 is tuned by capacitor A102, the inter-
glectrode capacity , and the gtray cepacity of the transformer. Both the primary and
secondary windings of transformer A1T1 sre tuned to the geometrie center (8 Me) of the passs-
bend. This provides a broadband tuned input for operating freguencies between 2 and 30 Me
end minimiges the VBWR on the input line.

344. The feedback signal from the plates of power amplifier 2A4141V1, ZAMAIVE2 is applied
to comnector Ji-4i1, from which it i1s applied to the Junction of capacitors A1C3 and 2.
Hormelly, the feedback is 180° gut of rhase with the RF input. The feedback signal is divid-
ed by the capacitive divider arms of the bridge: A1C3, A102 and ASCZ2, Cgk. When the bridge
is belanced, a very emall portion of the feedback signsl sppears acrose the secondary of
transformer &41T1. However, the low reactance of capacitor A102 causes the BEP input slgnal
gt the eecondary of transformer A{TY to appear between the grid of driver amplifier V4 and
ground. This REF input signel is algebraically summed with the feedback signsl. The result-
ent signal (the net difference) is coupled by capscitor A105 to the grid of driver amplifier
V1. OCapacitor A105 to the grid of driver amplifier V4. OCapacitor €2 1g sdjusted for best
bridge balance at the worst conditions of Cgk (30 Me). 8inee the signal spplied to driver
gmplifier V1 1z the difference between two relatively large signsls, it is evident that,
given a constant RF input, s smsll change in feedback will produce a large change in the sig-
nzl applied to the grid of driver amplifier V. It is slso evident that this change will,

in effect, minimige the original change in the feedback signal as a result of the system
gain. The feedback signel is directly relsted to the input by the gain factor of the AM-
3349/BRC-106. Therefors, moderate chsnges in the regulated supply voltages resulting from
temperature variations, or changes in tube or component characteristics that would normally
have great effect on the overall gain and sensitivity, will be minimized.

315. The output from the input bridge is raiged in level by driver amplifier V4 and is
developed ascrogs one of thirty interstage tuned circuits, which form a part of turret amssem—
Pbly 2A2. Thess tuned circuits are mounted on & motor driven-turret and are automatically
progremmed into the ecircuit sccording to the operating freguency. The ocutput from the tuned
cireuit is applied to connectors J1-A2 and J1-A3 for application to power amplifier ZA1AIVH,
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241 441V2. Capecitor C6 is adjusted to compensste for the input capacitance of power ampli-
fier ZAMAMWV, 2MAIVZ2 and the output capacitence of driver emplifier Vi. This prevents 0 =
tuning to ensure optimum power transfer.

316. The 500-volts de output from the de-to-de converter assembly is regulated to 200
volts do by zener diode 2A1A1VR3. This regulated 200 volts de and the 27-volts de primary
power are used to develop the opersting voltages for driver amplifier V1. The 27 volts deo,
applied to pin 3 of connector J1, is reguleted to 15 volts de by zener dicde ATVR1 and
applied mcross resistors A1R5 snd A1B6. A portion of this voltage 1z applied through iso-
lating resistor AIRZ to the grid of driver amplifier V1 as & fixed bias. Driver amplifier
V4 mlso develops & self-blas aecross resistors A1B3 end A1R4. Thie combination of blasing
results is & cathode de load line (on the trsnsfer characterietics) that hes a very shallow
slope with respect to using either the self-biasing method or fixed bissing wathod alone.
Therefore, changes in tube charscteristies will have only & minimum effeect cn the cperating
point of driver amplifier V. Capacitors 4106, ACT, and A1C8 are RF bypass copacitors,
uged to reduce intermodulation distortion when voilce transmissions are being mode. The 200
volt deo preasent at pin 41 connector J1 is used as the plate supply for driver amplifier Wi
and is regulated to 164 volte de by zener diodes VRE1 and VE2 for use as the sereen supply
for driver amplifier ¥Wi.

FPower Amplifier Jtopge

31T Power amplifier A1VM, A1VZ2 smplifies the output from driver amplifier 2ASVY to a
level of approximstely 40O Watts FEP. for application to the impedance matching networks in
antenne coupler assembly 243. The output from driver amplifier 2A8V1 is coupled by the
intergtage tuned transformer (Z2AZA16 through 242430) to the neutralization bridge (fig 35).
The neutralization bridge is used to compensate for the feedback between the output and in-
rut of power smplifier A4V4, A1V2 through the inter-electrode capseitance. One leg of the
bridge is composed of the two inter-electrode g‘gﬁacitiaﬂ GEB and k. The other leg of the

bridge is composed of capacitors 4103, A1Ch, A1C24. Uspacltor A1CHL is a&Njus‘te §° that
the voltage developed across each leg of the bridge is equsl in wagnitude to i PE ).
ey C
gk
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TO DRIVER _r —————— ----—————I
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On is equal to A1C3 times A1Ch divided by A1C3 plus A1C4. Therefore, since the voltage in
the two legs are in phsese with each other, the feedback will be cancelled and the input to
the grides of power amplifier A1V4i, A1VZ will be the ocutput from the driver amplifier 2ABV4.
Reslistor A1RS provides the correct termination for the RF input eignal. The smount of feed-
back to driver smplifier 2AS5VY is determined by capacitor A1CZ2.

318. The cutput from the neutrslizstion bridge is coupled by capacltors A105, AICHE,
A1CE and A1C19 to the control grids of power amplifier A1V4, A1V2. FPower amplifier A1V1,
AVZ consists of two electron tubes connected in parsllel to ralse the level of the output
from driver amplifier 2A8W to a level of LOO Watts. This RF output from power amplifier
AV, AV2 18 developed acrose cne of the tuned transforners mounted on motor driven turret
assgenbly 242, The transformer in the cireuit depends on the fregquency of the opersting
channel, The automatic tuning system sutomatically switches the correct transformer into
the eirecuit. The regquired espacitance for tuning the primary and secondary of the trans-
former used ls mounted on stator assembly 2A9. Capseitor 24903 is adjuweted so that at 30 Me,
capacitor ZASC02D will exactly egual 90 uuf. Capacitor A1C022 is adjusted to compensate for
the output capacity of power amplifier A1V4, A{V2. The output from power amplifier A1V,
AVE iB applied through connectors 2ASJ1E, 2A1XASE, ZA1P, and discriminator sssembly 244 to
the antenne coupler.

319, The 2400 volts de output from the de-to-de converter assembly Z2ASA2 is applied
through the primary of the transformer switehed into the output circuit of power amplifier
A1V, AIV2 to the plates of power amplifier A1V1, A1V2. The screen voltage for power ampli-
fier 41V, 41V2 is developed from the 500-volte de cutput from the de-to-de converter
aggenbly. This 500 volte de is regulated to L4OO volts de by zener dicdes A{VRE1 and A1VRZ.
The 500 volte de is also regulated to 200 volte de by zener dicde AIVR3. This 200 volts de
is used as the regquired plate and screen supply for driver amplifier 2A8V1. The blas for
power amplifier A1V1, A1VZ is developed from the =110 volts de output from de-to-ac inverter
assenbly 2AGA1. This -110 volts de is regulated to a =35 volte de by gzener diodes AIAIAIVRZ2
and A1ATATIVES. Potentiometer A14141B5 is used to adjust the amount of blas applied to tube
AVZ2 and potentiometer A{A1AIRE is used to adjust the bias applied to tube A1V1. The
srrangement of zener diodes A1A1A1VR2 and A1A1AIVR3 and potentiometers A1A1AMRS and A1A1A1RE
ig such that the biae to the two tubes can be wvaried from =35 to =20 volts de. The two
gaparate adjustments are used to ensure that both tubes are st the same operating point and
ghare the load during operation.

KEYING CIRCUITS
Keying Function Initiation

320. Wnen the RT-662/GRC is keyed, & ground ls placed on the keyline. Thie turns on
transmit-recelve switch ASA1Q14, (fig 1045) whieh turns on transmit-receive switch ASQ1 in
transcitter IF. and sudioc module 145. With transmit-recelve switeh ASQ1 condueting, T/R line
3 is grounded. This ground is applied through pin 32 of connectors ASJ1 and A1XAS, feed-
through cspacitor A1029, and L-sgection filter AJALLE-A1ANCE to pin T of PA CONTROL comnector
A1J20., PA CONTROL connector A1J20 is conneected to CONTROL comnector ASJ2 on the AN-3349/GRO-
106 front panel. From pin T of CONTROL connector ASJ2, the ground is applied through pi-
geetion filter Af4)CE-AYA1LE-A141C8, feed-through capacitor A106, dicde ASCR1, and contacts
5 and 1 of relsy ASASES to pin 3 of relsy ABASKZ2. With the RT-562/GRC SERVICE SELECTOR
switch set et any operste position (58B, NSK, AM, CW, or FSK), the operate 27 volts de is
applied to pin L7 of relay ABKA and to pin 3 of ASAZKZ2. Relay ABE{Y will be energized and
connect the RF line to the antenna in use and disconnect RCVE ANT connector AGJT4. Relay
ARAPEZ is energized snd turns on the de-to-de converter assembly and completes the feedback
path for the assembly.

Tune-Locking Interlook

321 . If g frequency change is made at the RT-5662/3RC, the detents of switches A187,

(fig 1026) resr, A186, section 1, rear, (fig 1025) or A185, rear, (fig 1025) comnect a
moment ary ground from contact 7 to 8, contaet 7 to L, or contact 4 to 5, respectively. The
momentery ground is applied through feedthrough capacitor A1C30 and L-section filter A1A3LL-
AVASCY to pin H of PA CONTROL connector A1J20. Pin H of PA CONTROL Comnector A{1J20 is con-
neeted to pin H of CONTROL connsctor ASJ2 on the AM-3349/GRC-106. Pin H of CONTROL con-
nector ASJZ2 applies this momentary ground through L-section filter A1AZCS5=-A1A4AS8L5, fesdthrough
eepacitor A1C12, pin 20 of connectors ABJ1 and A1XAS5, pins 6 and 29 of connectors A1XA2 and
A2T1, snd pin 41 of connectors ATAIXAT and A7J1 to piln 3 of tune locking relay AVES, which
energizes and locks itself through contacts 1 and &. The ground on contact 2 of cperator
relay ATES is applied through comtact 5, pin 7 of connectors A7J1 and A1AVXAT, pin 13 of
ponnectors A7J4 and A1A1XAT, pin 43 of connectors A1XAS5 and AS5JY, contacte CG1 and 1 of TUNE-
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OPERATE switch A586, pin 23 of connectors A5J1 and A1CX5 snd pin 12 of' connectors Ad M XAY
and A7J{1 to contaect 1 of tune locking relay A7E6. When tune locking relay ATEE energizes,
the connection between contacte 2 and 4 is broken. Thie bresks the 27-volt operste line,
de-energizing relays ASKY and ASAZKZ2, Tune locking relay ATES will not de-energlze until
TUNE-OFERATE ewitch 56 1s set =t TUNE, breaking the self-locking ground path. This informe
the operator that he must check his tuning and reasdjust the ANT TUNE and ANT LOAD controls

on the AM-3349/GRC-106 before reoperating the unit.

Tune Information

322, When the TUNE—-OPERATE switch i set st TUNE, the ground at eontact 2 of operate
relsy ATES is spplied through centact 5, pin 7 of connector A7T4 and AMMAIXAT, pin 13 of con—
nectors A1XAS and ASJY, contects C1 and 2 of TUNE-OFERATE gwiteh AS86, and dicde ASASCHZ,
causing relayes ASK{ and ABAZKZ to be energlzed if the tuning eyele is completed and no over-
current or under-voltags conditions exist. This ground is also connected through feedthrough
capaoitor A107 and I-section filter AMAIL/-AMACT to pin ¥ of CONTROL connector AGBJZ. OCON-
TROL connector ASJZ is connected to PA CONTROL connector A1J20 on the RT=6:2/GRC. Pin M of
A CONTROL connector A1J20 spplies this ground through L-section filter AfAlCZ-A1ALL2, and
A1XA7. Pin 10 of commector A1XA5 (fig 1044) mates with pin 10 of connector J1 of trans-
mitter IF. and audio module 1A5. Pin 13 of connector A1XA7 (fig 1009) mates with pin 13 of
conneetor J1 on recelver IF. module 1A7. This ground is used in transmitter IF. and audio
module 1A5 for cerrier re-insertion and changing the APC level. It is used in receiver IF.
module 1A7 for turning off the balsnced modulator.

TEST METER M1 FOE FARAMETER MONITORING

Feneral

5235 gwitch A582 and test meter ASM1 provide a monitoring funetion to assure that the
correct voltages snd currents ere present in the power amplifier.

Primary Voltage

324, When the SERVICE SELECTOR switch on Receiver-Transmitter, Radio RT-662/GRC is set
at eny operste position (88BE WSK, AM, OW, FSK) and the AM-33L9/GRC-106 PRIM. PWR. switch
{A2CB1) is set at (M, the 27-volts de primary power is aprplied to contact 4 of relsy A1K1
from FRIM. POWER cormector J7. Alsc st this time, ground is spplied to pin 1 of relay AZKA
from pin N of CONTROL comnector J2. Therefore, relay AZK1 energlzes, and the 27 wvolte de at
gontact 2 is spplied through pin 5 of connectors J1 and 2A1XA5 and pin & of connectors
ZATA1XAT snd Z2ATJ1 to contacts X1 end A2 of time delay relay ZATEL. After 60 geconds, time
delay relay 2ATEL applies the 27 velts de through contacts A2 and A1 to pin 7 of operate
relsy 2ATES, which energiszes, due %o the ground on pin 3 from pin P of CONTROL connector J2.
At this time, the 27 volte dc is applied from contact A2 of time delay reley 2A7EL, through
contacts 1 and 6 of operate relsy 2ATKS, pin 15 of connectors 2A7J1 snd 2A1A1XKAT, pin 24 of
connectors ZA1XAS and J1, and resistor ASASRZ2 to contget 1 of TEST METER ewitch 82-B. There-
fore, when the TEST METER switch 82 is set at PRIM VOLT, TEST METER M{ and resistor ABASRZ
are comnected meross the 27-volts de supply through contacts 1 and 10 of sections A and B of
ewitch 82. Resistor ASAGEZ is the metering resistor for TEST METER M1 when messuring the
27=volte de primsry power. See fig 36.

Low Voltage FPower Supply

525, The 500-volts de output from de-to-de eonverter assembly (F/0 2A5) developed acroes
voltage divider ASALRY, ASALRZ, ASAUR3, ASALRS. When TEST METER switch 82 is set at LOW
VOLT the low voltege output is sampled across reslstor ASAGRS, and a proportional amount is
eomnected to meter M through contacts 2 and 10 of TEST METER switch 82, Sections A and B.
Eesistor ASALRL is the metering resistor for TEST METER M1 when messuring the 500-voltae de
output. Bee fig 37.

High Voltape Powsr Supply

326. The bleeder cireult for the 2400-volts de output from de-to-de converter assembly
A consists of reslstors APR3 sections A to D which are connected between the output (posi-
tive side of diode bridge ASCRE) and the return (negative side of dicde bridge A2CR6). When
TES" METER ewiteh 82 is set st HIGH VOLT, the high voltage output ie sampled across reslestor
AZE3D, and this proportionsl amount is connected to TEST METER M1 through contacts 3 and 10
of TEST METER switch, scctions A and B, Resistor ASRE is the metering resistor for TEST
METER M1 when measuring the 2400-volte de output. B8See fig 38.
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Driver Plate Current

327 When TEST METER switch 82 is sst at DRIVER CUR, TEST METER switch 82 connects TEST
METER M1 between the cathode of driver amplifier 248V and ground, through resistor 2A8A1RE,
pin 4 of connectors 245J1 end 2A1A1XAS, pin 27 of connectors 2A1XAS and J1 and contects 4
end 10 of sections A and B of TEST METER switch 82. The meter then provides an indiestion
of the amount of self bies developed across resistors 2ABA1R3 and znﬁﬂm, or, the amount of
Plate current. Resistor ZABAMRS ig the metering resistor for TEST METER MY when measuring
the plate current of driver tube 2ASVi. B8ee fig 39.

Grid Drive

328. When TEST METER ewlitch B2 is set at GRID DRIVE, TEST METER M{ is connected to the
tune ALC output from emitter-follower 241414191 through pin 25 of connectore 2A1XAS and J9 ’
reslgtor ASRS and contacts 5 and 410 of TEST METER switch 82. This output is directly pro-
portional to the grid drive applied to power emplifier 2A4A1V1, 2A1A1V2. Reslstor ABRS is
the metering resistor for TEST METER M{ when meassuring the drive to the grids of power ampli-
fier 2AA1Vi, 2A1A1V2. B8See fig LO.

FPower Amplifier Plate Ourrent

329. The return path for power amplifier 2A1A1V1, 2A1A1V2 plate current is through re-
eistor ASASR1 and the coil of the over-current sensing relay ASASK{! to the negetive side of
diode bridge A2CR6. When TEST METER switch 82 is set at PA CUR, TEST METER M{ is connected
geroes resistor ASAS5R1. The voltage drop scross resistor ASASRY ig applied through resistor
ASASED end contacts & and 10 of TEST METER switch 82, sections A snd B. Reslstor ASASRES is
the metering resistor of TEST METER M1 when measuring the plate current of power smplifier
2RIV, 2AMAIV2. When setting the gquiescent operating point for power amplifier 2R ANV,
281 A1V2 FA idle current ewitch AS381 is depressed. This parallels resistor ASASEL with re-
sistor ASASR3 to change the sensitivity of TEST METER M1. The cireuitry is shown in fig 44.
Switch A584 1s accessible when the chassis is withdrawn from the case, The only time thie
metering ecireult is used is when tubes are changed in the powsr output stage. With no

gxcitation o tube at & tim t into + The blas is then set to center
scale for each tube, H0 ae to maintain balance ath tubes.

Power Cutput

330. The output from the operate ALC cirecuit is sampled acroes resistors 2A4ASR3 and

6. When TESI METER switch 82 is set at POWER OUT, the sampled cutput from voltage
divider 2ALA3R3, 2ALASRG is comnected through pin 10 of connectors 2ALTZ2 and A1P3, pin 32
of connectors 2A1XA5 and J1, and scross TEST METER MY through contects 7 and 10 of TEET
METER ewitch 82. This voltege is direetly proportional to the power ocutput from the AM=3349%
GRG-'H'JE- ﬂﬂb fig 1+Ep AR e e e o e— e e oo Es R

:

523K

TO PIN 6 OF RELAY A7KS
(+27V IN OPERATE MODE)

FIG 36 = PRIMARY VOLTAGE METER|MNS {PosiTioN 1)
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OIROUIT DESCRIPTION AND COPERATION OF THE ANTENNA OOUPLER (Fig 45 and 1025)

Ganaral

331 . The antenna coupler assembly 1s a semi-sutomatic impedance metching network consist-

ing of marmally end sutomatically programmed parts. The function of this network 1s to
match the lmpedsnece of the systen entenna to the 50 ohm output impedsnce of the power ampll-
fier at the desired opersting frequency. PBandswitch 24381 is sutomatically programmed to
rough tune the AM=-3345/0RC-106 so that it ls within the operating range of the mamually
varisble cirecuit, consisting of inductance 24314 and capmeltor 2A3026. After antenna coupler
2A3 is programmed, ANI LOAD control 2A3I4 is adjusted so that the power emplifier loocks into
an impedence of A0 ohme. Capacitor 243026 is adjusted so that the phase angle of the imped-
ance ie zero. Therefore,; after tuning, the power amplifier works into the desired resistive
load of 50 chma. Fig 43 illustretes the impedmmee matehing networke according to the oper-
ating frequency. The RF power output is applied through relay 2A5E1 and switch 24585 to
WHIFP connector 245J6 or 50 COHM LINE connector 245J5, depending on whether & whip or doublet
antenna is used. The power output is connected to the antenna from the appropriste con-
nector.

332, When the interunit tuning oyele is completed switches A28l snd AS85 will be posi-
tioned according to the Me freguency setting for which the unite are to be tuned. These
gwlitches provide coding information for programming the antenna coupler assembly for the fre-
gqueney beand in use. The chart in table & provides a listing of the thirty tuning positions
of these switches and their corresponding Me pasgband. The funcotion of whip coding switch
A28l 1s to generste the coding informstion to position capacitor A3027 and band switch A3SY
when a whip antenns is being used. The function of 50-ochm line ecoding switch A285 is to genr
erate the coding information to position capacitor A3C27 and bandswiteh A381, when a doublet
antenna (50-ohm line) is being used. As shown, the unit is tuned for position 1 (2.0 to

2.5 Me). Assume that the operating frequency is changed (et Receiver-Transmitter, Radio
RT-662/GRC) to 26.000 Me. The interunit tuning will be accomplished and will set switches
A28l end A285 at 13. These switches will then function to program the sntenna coupler
ageembly for this new frequency. The rrogramming provides the configurstion sccording to
the operating frequency as shown on fig L43. The following paragrephs provide & detalled
deseription of the progremming necesssry to obtain the econfigurstion for the operating fre-
quancy for various types of entennas,

hip Antenna Progromming

333. When uesing a 15-foot whip antenna, whip coding switeh AZS4 will program band-switch
A3E1 and capacitor ASCZT as follows.

8. Bandswitch AS81 poeitioning: When ewitech A585 connects WHIF connector ASJE
into the cireuit, it mechanleslly positions microswitch A584. A ground from micro=-
swltch A58, is applied through pin 417 of connectors A5J1 and A1XA5 and pin 35 of
connectors AlXA2 and A2J1 to the common contact 13 (corresponding to position 13)
of switeh A284 to pin 9 of comnector A2J1, which mates with pin 9 of connector
AMMXA2. A ground peth is then establishsd through pin 3 of connectors A XAZ and ASH,
via pin 10 to pin L4 of ewitch A3S82 to bandswiteh motor relsy K3, capacitor A3C22,
pin 22 of connectors A3J1 and A1XA3, and pin 3 of connectors A A XAT and ATT1 to
pin 5 of bandewiteh motor relasy ATES. B8inece 27 volte de is gpplied to pin 7 of
bendewitch motor relay ATK3, bandswitch motor relsy A7ES will energize and spply
27 volts de through contacts 1 and 6 of relay ATE3, pin 2 of connectors A7J1 and
ATAXAT, pin 23 of ponnectors A1XA% and A3J4 ¢ and feedthrough capscitor A3C23 to
motor ASB2. Since the other side of motor AZBZ is grounded, it will rotate, turn—
ing BF bandswitoh coding switeh A382 =nd the cam of ewlteh A381 until the noteh of
the wiper of switch A382 aligns with contaot 10. This will then bresk the ground
path to pin 3 of bandewitech motor relay A7ES, causing it to de-energize. Ground
will be connected (in place of 27 volts de) to motor A3E2 through contacte 8 and 6
gﬁtzﬁga:g;nch ?D?E r%g A.?Kj.muator EJBE ie then dynamicslly brsaked. With the
ecte [s] connactor o RF b —
Jint nper e 5 ABJE, the andewitch coding will wvary depen

b« Capacitor A3SCZ27 Positioning: Assuming that the interunit tuni haes placed
ewiteh AZBL at position 13 as above, there will be no ground path.ngUsingPanuthar
example, such a position 12(419,000 Me) & ground path will be produced ss Ffollows:
ground ls connected from the common contact of switch A28 through contact 12 of
ewiteh AZBL to pin 20 of comnnector A2J1, which mates with pin 20 of conneetor A1XAZ.
The ground is then connected through pin 413 of connectors AXAS and AST, feed-
through capecitor A3CH3 and comtact 9 of switch A383 to contact 20 of switeh A5E3.
Conteet 20 of switch A383 conneets the ground through feedthrough cepacitor A3C12,
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n 12 of connectors A3J1 and A1XA3S, and pin 9 of connectors AAAIXAT and ATTY to pin 3 of
gilpacitor motor relay ATEZ. 8Sinece 27 voltse dc is connected to pin 7, capacitor motor relay
ATEZ? will energize and apply 27 veolts de through contacts 1 and & of relsy A7EZ, pin 1 of
connectors A7J1 snd A1A1XAT, pin 14 to motor A3B4. Binee the other side of motor AZBi 18
grounded, it energizes and rotates switch A%83 and espacitor A3027. OCsapacitor ASC2Y is only
in the eireuit, however, when bandswitch A381 is in position 6. When the wiper notch of
switch A383 is sligned with conteet 9, the ground path is broken and capacitor motor relay
AJEZ de-energizes. Motor A3B1 is then dynsmically braked by a ground (instesd of 27 volis
dc} connected from contact 8 of capacitor motor relay AVEZ through contaect 6, pin 1 of con-
nectors A7J1 and A4AXAT, pin 14 of connectors A1XA3 and A3J1 and feedthrough capacitor
A3CAL.

Doublet Antenne Positioning

3. When using & doublet antenns, switeh A382 will program bendswitch A381, and 50-chm
line switch AZ285 will program capacitor A3027 as followa.

ga. Bendswitch A381 positioning. When the antenna is comnected to 50 CHM LINE
connector 4575, the ground path to ewlteh A2BY from switch AS8L ig broken. A new
ground path is then applied from switch ASBL through pin 18 of eonnectors ASJY1 and
AXAS, pin 37 of comnectors A1XAZ and A2J1, diocde AZASCR1, pin 27 of connectors
A2T4 and A1XA2, pin 1 of connectors A1XAY and AT and feedthrough capacitor A3ICH
to contact 14 of switch A382. The motor is energlized as previously stated and
turne ewitech AS82 until the wiper noteh is aligned with contact 14, bresking the
ground psth. This setting of bandewitch 4381 is then used for all frequencies.

b« Capacitor A3C27 positioning. Assuming that the interunit tuning heg positioned
ewitch A285 to position 13 and that ewiteh 4584 is connected to 50 CHM LINE con-
nector ASJ5, the ground path ia as follows: a ground is connected from the common
gontect of switch AZ28% through contaet 13, pin 30 of connectors AZJ1 and A1XAZ, pin
10 of connectors A1XAS and A3J1, and feedthrough capacitor A3CA0 to contact 7 of
ewitch A383. Contset 20 of switeh A3S83 then comnects ground to pin 3 of capacitor
motor relsy A7KZ, which energiges and in turn energizes motor ASB1. Motor ASEY ro-
tates switch A383 and capacitor A3C27 untll the wiper notch of switech A383 is
aligned with contaet 7, causing the ground path to be broken. Capacitor motor
relsy ATEZ then de-energizes and motor ASBY i1s dynemieslly braked.

FProgrammed Qongigurationa

335. The bendswitching accomplished in the gbove description results in the setting of
bandewiteh A3S81 snd capeecitor A3C27. Bandswltch A331 selects either s tap on induetor A3LZ,
the straight through position (position 4), or capaciter A3C27, depending on the freguency
and the antenns used. The csm iz used to apply & short across inductor ASLZ at the various
frequencies where it is not used. The settings of A381, A3L1 and A3C26 result in the coarse
tuning of the sntenna to the AM-3349/GR0-106 for the desired operating frequencies. The
AM-3349/3RC-106 1s then fine tuned ueing the ANT. TUNE and ANT LOAD controls.

IUNE AND LOAD DISCRIMINATCRS (Fig 1028)

336. TUNE DISCRIMINATOR: When the power amplifier ig eorrectly tuned (50 chm resistive
load), the RF output voltage and current sre in phase. When the output is reactive, tune
digeriminator 2ALA1 detects the resulting phese difference between the REF voltage and
current and produces & DU voltage proporticnal to the phase difference. This voltage is
applied to meter ZASMZ2 which is located on the front panel. This meter provides s relative
indication of the magnitude of phase difference for tuning.

337 LOAD DISCRIMINATOR: When the power amplifier is correctly loaded (50 chm imped-
ance}, the RF output and current are of the correct magnitude to produse an cutput of 40O
watte FEP. If the load for the power amplifier is grester or less than 50 ohme, the RF out-
put voltage and current will no longer be of the correct magnitude to produce this LOO watt
FEP output. This difference ie detected by the load diseriminstor, which produces a DO
output proportional to the differsnece. The DG voltage is applied to sntenns Load Meter
2A5M3 on the front panel. This meter provides s relstive indiecation of losding.

Disoriminator Operation (fig +44)

338. ~ The BRF output from power amplifier 2AAIV-2A1A1V2 18 spplied to connector 2A1P4,
from which it is applied through connectors 24404 and 2ALPY to comnector Ji. This cable
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TABLE & - AE COUFLER = FGEITIOMPHEGUENCT PROGRAMMI NG

POSITION FREQUENOY Mo/ s
1 2-2.5
2 3-3.5
3 14=-15
L 15-16
5 24-25
6 25-26
T 16-17
8 17-18
9 2.5-3
10 3.5-L
11 18-19
12 19-20
13 26-27
N 27-28
15 2B-29
16 29-30
17 20-24
18 24-22
19 22-23
20 25-24
21 L-5
22 5-6
23 8-9
2L 9-10
25 6=7
26 7-8
27 12-13
28 13=-14
25 10-11
30 11-12
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pesses through toroidal trsnsformer Ti. 8ince toroidsl trensformer T1 is center-tapped, the
RF ocutput current will induce a voltege in each half of the winding. These voltages, desig-
nated B| snd B2, will be of egusl megnitude, %00 cut of phase with the EF output current,
and 180% out of phase with sach ether. The RF cutput voltege is sampled across a capacitance
voltage divider consisting of capacitors Ci and C1. This voltage, which 18 vectorially in
phase with the RF output voltage 1s applied to the center tap of toroidasl transformer T1.
The vectorial summation of the sampled voltage [Ea} and indueced voltage 1 1s detected by
diode CR1, producing a de voltage E1 at the cathode of dicde CR1. 8imilarly, the vectorisal
gummation of Es and EZ2 is detected by diode CRZ2, producing & de voltage EZ2 at the cathode of
diode CR2. WVoltsge E1 l1s applied through pin 1 of connectors 2A4LJZ2 and 2A1P2, pin 28 of
connectors 2ZATXAS and 2A5J1, and reeistor ZABASRE to ocne side of ANT. TUNE meter Z2A5M2., Vol-
tage B2 is spplied through pin 7 of connectors 2A4J2 and 284P2 and pin 29 of connectors
2AMXAS and 2A5J1 to the other side of ANT. TUNE meter Z245M2.

339. If the impedance of the RF output line ie resistive, the RF output voltsge and
:ugrant will be in phase. Therefore, the two vectorisl summatione will result in E1' and
E2' being equal, fig L4, and there will be no dirrasgnne in voltage across ANT. TUNE meter
2A5M2. The meter will then indicste center scale, ape difference between the RF output
voltage end current. If the impedance of the RF ocutput line is inductive, the RF output
ecurrent will lag the RF ocutput voltage by some engle @. Therefore, as shown in fig Ll, E1'
will be greater than E2', causing ANT TUNE meter 2ASMZ2 to defleet to the left of certer.
The degree of deflectlon will be proportional to the phase difference between the RF output
current and voltage. If the impedance of the RF output line is eapacitive, the RF output
current will lead the RF output voltsge by some engle @. Therefore, as shown in fig LI, E1!
will be less than E2', ceusing ANT TUNE meter 2A5MZ to deflect to the right of center. The
daggee of geflectign w;tl Eﬁ rroportional to the phase difference between the RF output
voltage snd current. & gge engle 1s corrected by varyi the value of

when TUNE-OPERATE switch 24586 is set at TUNE. HhﬂnFTUHEj—r’DPn%R_ﬂTE ﬂﬂi%ﬂh Eﬁggafét:;tzﬁcgﬁ,
TUNE, E1' is applied through contscts G2 and 4 of switeh 2A586. This path changes the

pensitivity of meter 2ASMZ by bypassing reslstor 245A5RE8 for dlocdes CRY1 and CR2 through
transformer AT .

340, Inductor L1 provides a de return for diodes CR{ and CR2 through trensformer A1TY.
The values of these components are such thet they are not fregueney sensitive within the
operating passband of the AM-3345/GRC-106. Capacitors C2 and 3 are RF bypasses. Resistors
B1 and R2 provide a de path for CR! snd CR2, respectively. Resistor R3 1B an equallzing
reslgtor to make the de output from the phase diseriminstor the same as the output from the
122& ﬁiﬂﬂrémiﬂﬂtﬂr. Capacitor 2A505 bypasses any RF present in the meter voltage around

m er EABH -

bs ZL = INDUCTIVE
IRF OUT LAGS ERF cw ZL = CAPACITIVE

OUT BY ANGIE @ IRF OUT LEADS ERF
Ei' » E2°' OUT BY ANGLE @
Ei' < E2'
ERF OUT = EF OUTFUT VOQLTAGE
IEF OUT = RF OUTFUT CURRENT
ZRF OUT = RF OUTPUT IMFEDANCE

E8 = SAMPLED PORTION OF ERF OUT
E1' = VOLTAGE AT CATHODE OF DICDE CRY
E2' = VOLTAGE AT CATHODE OF DIODE CR2

Fla Ll - VECTOR DIAGRAM OF DISCRIMINATOR OPERATION
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3. The RF output from power amplifier 2A1A1V1, 2A1AIVE is applied through tune dis-
eriminator 2A4A1 to conneetor 2844134, From this point, the power ocutput is commected
through connector P{ and the load digeriminstor to connector J1. The current flow in this
line induces a voltage in toroidal transformer T1. This induced voltage is detected by
dicde CR2, producing a dc voltage which is applied through pin 2 of connectors 2ALT2 and
2A1P2, pin 30 of comnectors 2A1XA5 and 24571, to one side of ANT LOAD meter ZASM3. The RP
output voltage 1s sampled by eapacitive divider 04, C2 and detected by diode CR1 to produce
8 de voltage which is applied through pin 8 of connectors 2ALJZ and 2A1P2, pin 31 of con-
nectors 2A1XAS and 2A5J1, and resistor 2A5ASET to the other side of ANT LOAD meter ZASM3.
When the impedance of the EF ocutput line egquals 50 ohms, capscitor ¢4 is sdjusted so that
the voltsge at pin 8 of connector 2ALJZ im equal in magnitude to the voltage at pin 2 of
sonnector ZAWJE. If the load impedsnce differs from the desiped 50 ohms, the voltages at
Pilne 8 snd 2 of connector 2ALTZ will differ. The amount of Alfference will be proporti onal
to the degree of veristion from 50 ohma. These two voltages will csuse ANT LOAD meter
2A5M3 to deflect elther right or left from center scale, indicating that the load must be
decreased or increassed to reach the 50 ohm balance polnt. The load is varied by varying the
value of inductor 24314, when TUNE-OFERATE ewitech 2A586 1s set at TUNE. When TUNE-OFERATE
switch 24586 is set at TUNE, the voltege at pin 31 of connector 244J2 is applied through
contacte 03 and 5 of switch 24586. This new path changes the sensitivity of ANT LOAD meter
2AEM3 by b¥passing resistor ZASASRT. Resistor B rrovides a de return for dicde CRi,. Resis-
tor B3 15 a swanping reslstor for toroidsl transformer T1 to minimize the effects of fre-
quency variations. Capacitors C3 and CL are BF bypasses. Resistors B2 and R4 provide a de
path for diodes CR{ and CRZ, respectively. Capacitor 2A5CE bypesses any BF rresent in the
voltage spplied to meter ZAGM3.
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POSITION FREUUENCY
[ 2-2.5
2 3-55
3 14- 15
4 15=| &
5 2a-28
& 25-26
T 1&=17
8 1 7-18
El &.5-3
14] 15-4
I 18 -1%
12 19+20
13 26-2T
14 27-28
5 28-29
16 29-30
17 20-21
1] 222
19 22-23
20 ?3-24
2! a-5
2z 5=5
23 B-3
24 9-i10
25 &§-7
26 7-8
27 1213
28 13-14
29 101
an =12

NOTES:

| UNLESS OTHERWISE SPECIFIED ALL DIODES INE4T
2 ALl FEEDTHROUGH CAPACITORS ARE 0O ODIUF

3 PREFIX ALL REFERENCE DESIGNATIONS DN THIS
DIAGRAM WITH UNIT NUMBER 2
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