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DIVERSITY RECEZIVING EQUIPMENT AN/FRR~3a

DESTRUCTION NOTICE

WHY -~ .o prevent thé enemy from using or salvaging this
equipment for his bencfit.

WHEN -~ When oxrdercd by your conmander.
HOW ~ 1. Smash - Usc slcdges, axes, handaxcs, piokaxes,
hanmers, crowbars, hcavy tools.

2. .Cut - Use axcs, handaxcs, wrachetcs.

3. Burn - Usec gasolinc, kerosenc, oil, flare
throwers, incendiary grenades.

4. Explosives - Usc fircarms, grenades, TNT.
5. Digposal - Bury in slit trenches, fox holes,

other holcs. Throw in streans.
Scatter.

USE ANYTHING IMUEDIATELY AVAILABLE FOR DESTRUCTION
OF THIS EQUIPIENT

WHAT -~ 1, Smash - ueters, controls, panels.

2, Cut -~ Cables and all wiring.

3. Burn - Resistors, capacitors, all technical
nanuals, instruction books, tube
charts.

4. Bury or scatter — Any or all of the above

piececs after destroying .
their usefulness.

- iii -



SAFETY NOTICE

— o - cmn —— ot oy e - wema

THE EQUIPMENT EMPLOYS HIGH VOLTAGES WHICH ARE
DANGEROUS AND MAY BE FATAL IF CONTACTED BY
OPERATING PERSONNEL. EXTREME CAUTION SHOULD
BE EXERCISED WHEN WORKING ON THE EQUIPMENT.

IN SERVICING, CAREFULLY GROUND ANY COMPONENT
BEFORE TOUCHING OR REMOVING IT FROM ITS CHASSIS.

IF IT IS NECESSARY TO WORK ON ANY OF THE UNITS
WHEN THE POWER IS ON, BE.SURE YOU ARE THOROUGHLY
FAMILIAR WITH THE EQUIPMENT AND THE INFORMATION
ABOUP IT CONTAINED IN THIS BOOK.

- iV -
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Figure 1. Diversity Receiving Equipment AN /FRR-3A, front view.
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SECTION I
DESCRIPTION

l. Introduction

a. It is well established that radio fading is caused
by cancellation of the signal impulses at the receiving
antenna. A radio frequency wave from the transmitter may
travel different paths before arriving at the receiving
antenna and, by traveling these different paths, may
result in the signal arriving at the receiving antemnna in
opposing phase. This phase opposition causes cancellation
(fading) at the receiving antemna. By spacing two
antennas approximately 1000 feet espart and coupling each
into a separatc rcceiver, sufficicnt signal energy will
always be received at one of the antennas to give
satisfactory reception in its receiver.

b. The AN/FRR-3a uses two identical superheterodyne
receivers operating on separatc antennas. The output of
the two receivers is then combined to actuate the
teletype terminal cquipment.

¢+ The AVC is common to both receivers. When the
signal fadecs in onc of the recceivers, its noise level is
held down to a very low value by effectively reducing its
sensitivity. This is a result of the AVC voltage -
produced by the stronger signal in the other receiver.

2. General Description

8+ Eleotrical.~ 1In addition to two identical super-
heteroflyne receivers, the AN/FRR-3a Radioteletype
Receiving Equipment contains common high-frequenecy and
beat-frequency oscillators, separate antenna matching
networks for each receiver, & self-contained power supply
and provisions for both local and a remote automatic dial
control for se¢lceting any of five pre-tuned radio
frequencies andfor any combimation of four antennas.
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b. Tuning Range.- AN/FRR-3a covers a frequency
range of 2.4 to 23.0 me. It is designed for operation
on any one pre-tuned frequency in each of five bands
as follows:

Band l . . L] [ L] ] [ L] [ ] 204 b 402 mCo
Band 2 « ¢ ¢ ¢« v 4 v v s 442 = 649 me.
Band 5 . . . L] . . L] . [ 6.9 - 1102 mce .
Band 4 « « ¢« . ¢ ¢« ¢ . . 11.2 - 17.5 mec.
Band 5 ¢« ¢« ¢« ¢ ¢ 4 4 ¢ ¢ 15,0 - 23,0 mo.

NOTE

Provisions are included for extending
the high-frequency range limit to 26 me.
(see Section II, paragraph 5, page 16).

S. Physicel.- Nine chassis are housed in a steel
cabinet-type rack 84" high, 22-1/2" wide and 17" deep.
Doors at front and rear provide accessibility to the
units.

3. List of Components
NOTE

The units are listed from top to the
bottom of the cabinect.

8. ANTENNA.~ A motor-driven switching network for
selecting antennas and a motor-driven band switeh which
selects the five tuning ranges.

b. RECEIVER "B".- A superhetecrodyne receiver with
motor-driven band switching for the five tuning ranges.,

¢. MULTIPLIER.- Comprises a frequency multiplier,
which terminates in a pair of isolation amplifisrs,
supplying high-frequency injection voltages for each
receiver. Also provided on this chassis are & pair of
isolation amplifiers for coupling the 3F0 to the
réceivers. The unit has motor-driven band switching
for selecting the five tuning ranges and is couplied by
a flexible shaft to the osecillator band switch on the
Oscillator chassis.

d. OSCILLATOR.- 4 temperature-controlled oven
containing beat-frequency ang high-frequency oscillators.
The oscillators may be controlled by crystals or by
manually-tuned coils.
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Figure 2. Diversity Receiving Equipment AN /FRR-3A, front view, door open.



RADIOPELET YPE RECEIVING EQUIPMENT
AN/ FR R3a

&+ RECEIVER "A".~ Same as RECEIVER "B",

f. REMOTE CONTROL.~ JAn automatic dial centrol system
for operating the AN/FRR-3a and the Radio Teletype Terminal
equipment. A chart for dial operation is on the front door
of the cabinet. (sce page 15)

&+ POWER CONTROL.-~ The power entrance panel, with a
manual ON-OFF switch to terminate the incoming a-¢ line.
The unit containg also the main fuses, hcater lamps and
the Power Relay which controls the a-c power to the
Terminal equipment.,

he DPOWER FILPER.- 4 filter scetion contoining the
chokes and curacitors for the Powar Supply.

i. POWER SUPPLY.- 4 power unit containing the trans-
formér and recetifiers for the AN/FRR-3n equipment.
4. Power Requiremcnts

& Source.- The AN/FRR-3a is designed to operate on
the Tollowing power sources:

Line
Voltage Cycles
100-130 50-.60
200-260 50-60

b. Consumption.-
AN/FRR-32 Power consumption - approx. 400 watts
AN/FGC1  Power conswaption - approx. 350 watts

TOTAL Power consumption - approx. 750 watts
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5 Weights and dimensions

Gompgi?nts ; Weight . Oubic Measureients g
antenna 3640 lbs. |18-3/4" x 8-3/4" x 13-5/8n |
Receiver "B 46.0 lbss |[18-3/U" x 12-1/4" x 13~3/4n
Multiplier 29.5 lbs, |18-3/4" x 13-3/4" x 70
Oscillator 35.0 1lbs, |18~3/4" x 8-3/U4" x 10-5/8"
Receiver "A" 46.0 1bs, |[18-3/4" x 1l2-1/4" x 13-3/4n
Remote CGontrol |24.25 1lbg. |18-3/4" x 10-1/2" x &

Power Control |15.25 1lbs. [18~3/4" x &N x 7-1/2"
Powcr Filter 62.5 1bs. |18~3/8% x &-3/4% x 11-1/4n
Power Supply 61.75 lbs. | 15" x 8-1/2" x 13-5/8u

ggg fgtal weight including the cabinet is approximately
Se .
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SECTION IT
EMPLOYMENT
WARNING
THE UNPACKING AND INSTALLATION OF
EQUIPMENT MUST BE DONE WITH UPMOST
CARE!
l. Unpacking

a. Carcfully remove the AN/FRR-3a cabinet and the
cartons containing the various chassis from the wooden
packing cascs. One complete set of equipment consists
of the following items:

Box No, Contents. Gr. Wt. Cu. ft.
in 1lbs.
1 Cabinet, in which are in- 800 37-10/12

stalled the POWER SUPPLY,
POWER FILTER, POWER
CONTROL, and REMOTE
CONTROL chassis. Separate-
ly packed in the cabinet
are the AUXILIARY DIAL
CONTROL, VT244 rectifier
tubes, spare tubes, and
test cables.

2 MULTIPLIER, OSCILLATOR, and] 183 7-10/12
ANTENNA, with tubes packed
gcparately.

3 RECEIVER (CHANNEL "4"), 163 | 7-2/12

RECEIVER (CHANNEL "B"),
with tubes packed
separately.

b. Carcfully remove all chassis from the cardboard
cartons and examinc for loose or broken parts. Make sure
that all tubes, exeept VP244 rectifier tubes, are firmly
seated in their respective sockets, and that there is no
evidence of damage during shipment. (see tube location
chart on rear door of cabinet,)

NOTE

Do not install the rectifier tubes.

These tubes are omitted during pre-

liminarﬁ ad justments in order that
S

SRBIT SA3HIoDeiBg:Bt IRiaee, nint s ..
G« Remove the paecking from the plugs.
- 5 -
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2. Installation

as Cabinet.-

(1) When the cabinets of both AN/FRR-3e and
AN/FGCL are properly installed, AN/FRR-3a will stand on
the left of AN/FGCl, as viewed from the front. . Before
bringing the two cabinets together, be surec to rcmove the
cable-hole cover plates at the top and bottom of the
adjoining side surfaces of both cabinets.

(2) Place the cabinets so as to ellow at least
30 inches clearance around the entire equipment. The
flooring under the equipment should be firm ani free
from vibration.

(3) Bolt the two cabinets securely together
through the four holes in the corners of each of the cable-
hole openings at the top and bottom of the eabinets. Then
bolt the cabinets to the floor through the four holes in
the cornecrs of the bottom of each cabinet. Use either
lag or expansion screws.

(4) Bond the two cabinets together through the
upper and the lower cable-hole entrances with the two
braids supplied with the AN/FRR-3a equipment. Fasten the
braids under the #10-32 mounting serews on the right side
of AN/FRE-3a and the left sile of AN/FGCL.

NOTE

In bonling the two units together, make
sure that all paint, grease, dirt or
forcign matter is thoroughly removed
from the bonding surfaccs. Serape or
file until metal is exposed.

(5) Ground both ecabinets to the best available
ground point. Keep the lead as short and direct as
possible.

b. Power Connections.-

(1) Take out the four mounting serews holding
the Power Control unit in the cabinet and remove the unit
from the racke.

(2) Remove the six large binder-head screws
along the top and bottom elges of the Power Control panel
that hold the pancl to the chassis and tip the panel
forward, avoiding strain on the wiring.
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OONNEOT ALL FOWEii TERUINALS
ON THE FOLLOWING OHASSIS
AS SHOWN IN SKETOH BELOW

1-ANTENNA
1-REJOEIVER "B"

1~UMULTIFLIER
l-REOEIVER "A®
U-POWER SUE. L7

CONNECTION FOR 220 VOLT LINE

50 — 60 OYOLEG

SKETOH "AM
- 7 -~




RADIOTELETYPE RECEIVING EQUIPMENT
AN/ FR R-3a

(3) Temporarily, remount the chassis in the
rack with two serews, leaving the panel tipped forward,
but supported by one of the packing cartons,

(4) BRemove the lower left (as viewed from
front) cable-hole cover on the eabinet and bring in the
power line. Use BX or eonduit anil provide wiring capable
of handling a 750 watt load.

(5) Bring the line into the Power Control chassis
through the 7/8" hole in the left end of the chassis by
means of a 90° fitting.

(6) Cut and skin leads long enough to reach the
power switch S-30 and oonnect them to the two unused
terminals., See that the switeh is turned off.

(7) Tip the panel back into vertical position,
remove temporary mounting serews, and reassemble the
ehogsis

Lo
2. Mount chagsis in rack.

(8) Place the two 100 watt, 120 volt heater
lamps in the sockets at the rear of the Power Control
chassis. Check thc fuses on the front pancl to seec that
they are correct rating (10 amps.) and that they are
serewed in firmly. (Note that these fuses protect
AN/FRR-3a only.)

(9) The AN/FRR-3a is shipped ready for 220 volt
operation. When operating with 110 volts, line
conncetions located on the following components must be
changed: Antenna Unit 1 connection, Receiver Channel "B"
1 connection, Multiplier Unit 1 connection, Receiver
Channel "A" 1 connection, and Power Supply Unit 4
connections. (See page 7.)

¢+ Chaggis Intereconnecetions.-

(1) Cables for interconnecting the component
chassis of AN/FRR-3a ere seourcly stitched to the cable
supports in the sidos of the main cabinet. To avoid
damage during shipment, the plug ends of these cables
are tied down. Before installing any chassis in the
cabinet untie the cords holding the plugs but use caution
to avoid disturbing the pcrmancnt cable anchorage.
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Figure 3. Diversity Receiving Equipment AN/FRR-3A, rear view, door open.
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(2) PFasten all chassis in the eabinet with the
10-32 fillister head serews and washers (obtained from
the small cloth bags tied to each chassis). The order
of chassis from top to bottom in the eabinet is as
follows:

intenna Matching Panel (marked ANTENNA)

Superheterodync Recciver (marked RECEIVER CHANNEL)
"B "

Multiplicr Panel (mcrked MULTIPLIER)
High & Low Fr:g. Oscillator (marked OSCILLATOR)
Superheterodyuc Receiver (marked RECEIVER CHANNEL

mAT)
Relay Control Paﬁel (marked REMOTE CONTROL)
Power Control Panecl (marked POWER CONTROL)
Power Filter Pancl (morked POWER FIITER)
Power Supply Panel (nerked POWER SUPPLY)
NOTE

An Auxiliary Dial Control unit is
provided for remote control and
should be installed at the Signal
Center.

4. Cable Connections.- Plug all cable connections
into their proper chassis following the cable dingran,
Figure 31l. Thesc comnectors are keyed so that it is
impossible to make a wrong conncction. To aid in in-
stallation, each plug is nunbered corresponding to the
number stenciled on the proper chassis beside its
associcted receptacle.

e+ 4ntenna Connections. -

(1) The .N/FRR-3a Roceiver may be used with
four high-gein directional cntennas (ordinarily rhombics)
grouped in pairs. antennas of eaeh pair shoull have
identvical directional characteristics, but should be
sgpar%ted by 2 considerable distance to achieve diversity
effecat.

w
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(2) Therc arc four pairs of twisted leads
attached to the botton of the antenna feed-through in-
sulators on the top of the Cabinet. OConnect these
leads to the four correspondingly numbered pairs of
terninals on the Antenna chassis, so that one pair of
diversity antennas is connected to Antenna I and to
Antenna IV, and the other pair to Antenna II and
Aintenna III. (See sketch "D", page 33)

(3) The following surge impedance values of
prescribed antenna transmission lines may be considered
average:

Twisted pair 70 ohns
Ooaxial cable 70 ohns
Parallc l-lay~Polycthylene 70 ohns
Four wire line 200 ohns

(Pcr DWG ES-E-386B)

Two wire line 600 ohns
(Per DWG~ES—E~250D)

(4) 4An antenna matching network with ad-
justable taps 48 prowilcd. Using the preceding table
as a guide, zaxe the connections on the rear of the
Antenna chassis, to obtain proper impedance matching,
ags indicated in sketch "C", paze 30C)

f. Power Supply Teste=

(1) Throw the power switch to the ON posi-
tlon. The heater lanps in the rear and the two nenn
lampg on the multiplicr chassis, marked OVEN HEAT,
should light. (Since the heater lamps are in seriecs,
they can be used on either 110 v. or 220 v., but
will not light to full brilliance on 110 v.). Make
sure that power is actually reaching the Power Oontrol
chagsis if the lamps fail to light,

(2) Raise lever key and dial "0l". Note
that, when dialing a two-digit number, the lever key
shouid be held up until the dial has returned to rest
after dialing the final digit. The heater lamps will
go off and the red indicator lamp on the Power Supply
will light. Also, onc of each of the indicator lamps
on the various chassis will light unless the switch
happens to be resting between bands. The lamps can be
made to light in turn by pushing the MOTOR SWITOH for
that panel.



RADIOTELETYPE REOEIVING EQUIPMENT
AN /FR R=38

ge Oscillator-Multiplier Coupling Shafte~

(1) Remove the rear cover of the Oscillator
wunit,

(2) Remove the 1" plug butten from the rear
of the Multiplier chassis. This will give access to
the switch shaft. '

Dial "3" so that the flat surface of
the Multiplicr switch shaft will face the rear.

(4) Fron the cloth bag attached to the
Multiplier chassis remove the flexitle shaft and its
mounting screws. Feed this flexible ghaft through the
opening in the top of the Oscillatcr unit into the
Multiplier chassis and fasten 1t to the switch shaft.
4 f£lashlight ainmed through the onc~inch opening will
greatly help in this operation.

(5) Manually rotate the Oscillator band switch
to the #3 position. (When the black paint dot points
toward rear of chassis.) Place the free end of the flex~-
ible shaft on the switch shaft and tighten securely.

(6) Have an assistant press the red MOTOR
SWITOH on the Multiplier chassis until the other pair of
set screws becomes accessible. Tighten these screws on
the flexible shaft.

(7) Dial positions "1" to "5" inclusive and
observe that the oscillator band switch connects properly
to coils "1" to "5", Throw POWER SWITCH OFF.

(8) After carefully checking the oscillator
switch and after inserting the proper complement of
crystale in the oscillator, the back cover of the
oscillator oven should be replaced and fastencd.

h. Rectifier Tubes.~ Install the two VT2Ul recti-
fier Tubes in their sockets in the Power Supply chassis.
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i. AFC Connections.- A shielded wire terminating
in two lugs comes out through the right side at the
rear of the Oscillator unit. Conneet this lead to the
terminal strip on the Multiplier chassis marked "AFC".
The shielded "GRD" is fastened to terminal 1 and the
wire within the cable goes to teminal 2. The terminal
gtrip has no internal connections, but is used merely
as a binding strip for connecting the leads from AN/FGCL
to the oscillator.

. Conncetions to Radio Teletype Terminal Equipment
AN/FGC1.-

(1) Bond the ground connection in the AN/FRR-3a
radio Receiver to tho ground connection on the cabinet
upright in the AN/FGC1 cabinet. (Lower left as you
face the rear of the cabinet.)

(2) Using shieldei vair, with shield connected
as designated, make the following connections:

AN/FRR-3a AN/FGCL
Terminal ' Terminal| Terminal
Panel .| Designation Panoel Block Number
Rec. A !Audio Output 600 | Limiter A A 1
Rec. A |Audio Output Gnd. | Limiter A A 2
PO S
Shield Limiter A A 2
s —
Recs B jAudio Output 600 | Limiter B A 1
Rec. B [Audio OQutput Gnd. | Limiter B 4 e
Shield T TIimiter B A 2
LFC #2 T LFC R 5
AFC #1 ARG B 7
Shield T AFC B 8
Remote —ty
. Control| AN/FGC1 Disabling | Bay Terminals A 9
Remote —_—
Control|alN/FGCl Disabling | Bay Terminals A | 10

- 12 -
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NOTE

Road Par. & in TM 11-356 (AN/FGOl
Technical Manual) and proceed in
accordance with the routine outlined
there prior to making the following
operatione.

(3) TFeed the power cable from the AN/FGOL
equiprient through the openings between the two cabinets
and plug the power conncctor into the socket on the
rear of the POWER OONTROL chassise

ke Auxiliary Dial Oontrole- The Auxiliary Dial
Control is used to control the cquipment from the remote
point, The following procedurc should be followed to
nake the connections to this unit:

(1) Oonnect a two wire "loop" of not more
than 950 ohms resistange to the two terminals marked
OONTROL LINE on the rear of the Remote Control chassis
on the AN/FRR-3a. Short circuit the far cnd of this
line and connecs an ohumeter in series with the line
at the termination i the AN/FRR-3a unit. Rewove the
plug button from the front of the Rmote Oontrol panel
ggg sgt the screw-driver adjustment to a resistance of

ohns.

(2) Oonncet the remote end of the line to the
Auxiliary Dial Oontrol unit. Refer to sketch "B" for
the connections to the terminal strip inside the unit.

L. L. DIS X 0P

5 0 0 Q0
p— <

OONTROL LINE TO AN/FRR~3a JUMPER
EQUIPMENT

e
-

SKETOH “"BY
- 13 =~
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(3) vhen the AN/FRR-3a receiver is uscd on
a simplex radio circuit, the disabling of the receiver
is accompanied by an inter-connection wiring arrangc-
rnent between the remote control circuit and the 13242
scte Information on this in$er-connection is to be
furnished by the 0., Sig. O.

3« Remote Control Systeu
a, Dialing Mechaniste~

(1) The AN/FRR-3a and the AN/FGOl equipment
are controlled by means of a selector dial and lever
key. The operating numbers for the dial (page 15)
are shown on a panel attached to the front door of
the cabinet. When the main switch on the Power Oontrol
panel is turned ON, the sclcctor dial and the lever key
can be used to turn the equipment ON or OFF, select any
of the five tuning ranges, selecct antennas, and disable
both the units when a transmitter is operating in close
proximity to the equipment. The disabling in the
AN/FRR-3a grounds the antennas and audio, Disabling is
accomplished by placing the lever key in the position
marked SEND,

(2) To dial the equipment ON or OFF, or to
select antennas, or to opcrate on any of the five
tuning ranges, the lover key is held in the position
marked DIAL, The selector dial is then operated in
accordance with the dial code.

NOTE

It is necessary to hold the lever
key in position marked DIAL while
dialing, The key can be recleased
after dialing is completed as the
relays arc then holding the cir-
cuits and remain encrgized until
the circuit switching is completed.

(3) Beforec dialing, the main switch on the
Power Control panel must be turncd ON. Both the
AN/FRR~3a and the AN/FGCL are tuncd ON by dialing "0l
Dialing "02" turnsg both the AN/FGCL and AN/FRR~3a
equipments OFF. The heater lamps go ON when "02" is
dialed, The oven heaters and the 50 volt direct
current supply remain energizcd as long as the power
switch on the Power Qontrol unit is ON, regardless of
whether the equipment is difled ON or OFF.

- 4-.



RADIOTELETYPE REOEIVING EQUIPMENT
AN / FRR-3a

(4) For a complete shut-down of both .
AN/FRR-3a and the AN/FGOl, the mein &i¥itch on the
Power Control panel must be turned OFF. The crystal
oven and heater lamps should remain on at all tinmes
to0 insure that the cquipment will be in condition

for irmediate operation.

be. Dialing Functions.~ The following is a list
of operations that can be performed by the Remote

Oontrol Systen:

O0DE RESULTS
01 Equipment ON
02 Equipnent OFF

1 Band 1
2 Band 2
3 Band 3
L Band 4
5 Band 5
6 Receiver B on
Receiver A& on
7 Receiver B on
Reoceiver 4 on
8 Recciver B on
Receiver A on
9 Receiver B on
Receiver 4 on
NOTE

Antenna I
Aantenna IV

Mtenna II
Antenna III

Antenna II
Antenna IV

Antenna I
Antenna III

A& chart listing these operations is
on the inside front door of the

cabinet.
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L., Temperature Oontrol.

8. After the equipment is turned ON, it will
Trequire approximately three hours for the Oscillator
oven to reach its operating temperature of 550 C.

b. Several hours more will be required for all
couponents to0 ebsorb heat and stabilize at this ten-
perature., During this period both the Beat-Frequency
and High-Frequency oscillators will drift eslightly
and will require correction.

¢+ The condition of the oven teuperature is in-
dicated by the two lamnps narked OVEN HEAT, at the left
gide of the Multiplier panel. Lighting of both lanps
indicates that the oven is below operating tenperature.
A&t operating tewmperature, the lower larp marked OCOLD
will go out and the upper larp nmarked NORMAL will
light intermittently.

d. Over-shooting of temperaturc nay be expected
for gome time after power has been OFF, or the oven
has been openeds The time required for temperature
stabilization as well as the length of the heating
¢ycle will vary with the awbient temperaturc,

5+ Extension to 26 Megacycles.

2e¢ A8 given in the table on page 17, the range
of tuning over the band in the AN/FRR-3a is 2.4 to
26.0 negacycles. It will be noted, however, that
band 5 is normally set to cover 15 to 23 rnce Pro-
visions have been wmade to change the tuning range of
this band to cover 17.5 to 26.0 uc. if desired.
This can be accomplished by reroving the 12 rnfd.
capacitors (0-101, 0~10la and 0~-10lb) fron acrosg
each band coil in both the Receivers., If the '
capacitors are remcved from the circuit, extreme care
should be taken that no danage is done %o any of the
conponents in the r-f tuning boxes.

b. It will be necessary, in addition to these,
$o remove two capacitors (0-110 and 0-110a), each
30 nmfd, from the Multiplier unit. Thesge are across
band 5 of the Multiplicr and Amplifier coils respect—
ively. 8ee Figure 25 .

-~ 16 »
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6« Manual Band Switching

&e Provisions have been made so that, in the event
of band switching motor trouble, band switching may be
accomplished manually.

b. Before the band switch shaft can be turned by
hand it will be necessary to remove the unit from the
eabinet and disconnect the motor from the shaft. Close
to the motor a mark has been placed on the shaft. A
similar mark has been placed on the sleeve or nut
opposite this part of the shaft. When these two marks
are aligned so that the mark on the shaft is opposite
the mark on the sleeve - the switch will be on band 3.
Looking from the motor end and rotating the shaft to
the left will select band 4 or band 5. Conversely,
;otaiing the shaft to the right will select band 2 or

and 1.

&+ Crystal Sclection.-

(L) 1In order to lirit thec erystals to frequencies
below 4 me., frequency multiplication is employed to
produce the high frequency injection voltage. The har-
monies used for the various tuning ranges are:

Band Frequency Range Crystal Frequencies Harmonie

Used

1 2ed4 to 4.2 mec. le4d to 2.3 mc. 2nd

2 4,2 to 649 M. 2¢3 t0o 3.7 mc. 2nd

3 6.9 to 11.2 mec. 2.4 to 3.9 MCe 3rd

4 11.2 to 175 mc. 2e3 0 3.6 mce 5th

5 15.0 to 23.0 mec. 2¢2 to 344 me, 7th

5% 17.5 to 26.0 me. 2.5 to 3.8 mc. 7th

*Alternate

(2) Select erystals of the proper frequency
according to the following formula:

Carrier frequency in kilocycles, plus
465, divided by the order of the harmoniec,
equals the cerystal frequency required.

EXiMPLE: To compute the crystal frequency, let
us assume a carrier of 12,000 kec.
Referring to the band frequency chart
(above) we learn that 12,000 ke. lies
in Band 4, ani that the 5th harmonic
of the crystal is used.

= 17 -
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The formula becomes:
Crystal frequency = (Carrier Freq. + IF)
Harmonic
(12000 + 465) = 2493 kec.
5

Crystals supplied for use in AN/FRR-3a will
be marked as follows:

For carrier Frequency cege 12,000 kec.
actual Xtal Frequency cegs 2,493 kc.

b. Tuning Procedurc.-

(1) By mcans of a screwdriver turn the slotted
shaft {S-50) on the Oscillator pancl, corresponding to
the band in use, to the XTAL + position.

(2) On the Multiplier pancl, set the MULTIPLIER
and AMPLIFIER tuning adjustments, corresponding to the
band in use, in accordance with the settings as
indicated on the chart on the inside of the front door.

(3) set the Frcequency Meter SCR-211 to the
crystal freguency as determined by the formula in
paragraph a. (2) above.

(4) Inscrt the tube adapter plug P-37 (packed
with the multiplier chassis) in place of the B-22 h-f
amplifier tube in the socket marked "FREQ. CHECK".

(5) Couple the "red-black" wire of the plug
to the output teminal of the Frequency Mcter.

CAUTION: DO NOT TOUCH THE BARE WIRE WHILE MAKING
CONNECTIONS TO THE FREQUENCY METER. REMEMBER, THIS LEAD
CARRIES B+ VOLTLGE SUFFICIENT TO GIVE YOU 4 SERIOUS
SHOCK! -

- 18 <



RADIOTELETYPE RECEIVING EQUIPMENT
L N/ FR R-3a

(6) Tune the crystal vernier control bakelite
knob on the Oscillator panel, corresponding to the
band in use, until zero beat is heard in the phones of
the SCR-211 Frequency Meter. If zero beat cannot be
obtained, turn switch S-50 to the XTAL - position and
tune the crystal vernier for zero beat. If zero-beat
is unobtainable in either the plus or minus position,
it can be assumed that the crystal is not of the ecorrcct
frequencye.

(7) ifemove the adapter plug and replace the
VI-112 tubec.

(8) On the Multiplier panel, trim the
MULFIPLIER and AMPLIFIER tuning aijustments, correspond-
ing to the band in use, for maximum closure of the
OUTPUT INDIC.LTOR "eyc'.

(9) Set the Frequency Meter SCR-211 to the
frequency of the signal that is to be received.

(10) On the Receiver "B" (upper) set the MIXER,
2ND RF, and 1ST RF tuning adjustments, corresponding to
the band in use, to the apprroximate settings as in-
dicated on the chart on the inside of the front door

(11) Turn the AVC switch to "OFF", DIVERSITY
switeh to "OFF", and set SENSITIVITY control to maximum
(clockwise). ©Plugz a headset into the PHONES jack of
the receiver.

CAUTION
Do not remove the hcailset plug from the
jack of the frequency meter. This
would open the filament circuit of
SCR-211.
{12) Set the BFO switch to the XTAL position.

: (13) Remove the VT-112 2ND KF tube (B-22a)
and inscrt the adapter plug.

(14) Conneet the "white-red" wire of the plug
to the output termminal of the Frequency lMecter.
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(15) Trinm the MIXER tuning adjustment
(corresponding to the band in use) for naxinun
signal and closure of the TUNING INDIGATOR

(16) Renove the adapter plug and replace -
the VI-11l2 tubc,

(17) Sct the /ntenna tuning adjustpent in
Channcl "B" (corrcspondinn tc the band in use) ‘to the
approximatce scttins as indicatod on the chart on the
inside c¢f the front doore

(18) oOonncet the cutrut of the Frequency
Meter to cne of the WANT IM tcrnminalse

(19) Lift the key of the Rerote Oontrol
pancl and dial nunber 6.

(20) Trio the ISIXER, 2ND RF, lst AF and
Antcnna CHANNEL B tuning controle for caxirun scongi-
tivity, ap indicated by the TUNING [HDICATOR "eye,
Repcat this scveral tiwmes. It may Do necegsary to
reducc the scnsitivity control of the Land in use ao
as not to overload thc rcceciver.

(21) On Receiver "i" (lower) get the MIXER,
2ND RF and 18T RF tuniny adjustrents, corresponding
to the band in use, to thc approximatec scttinge as
getermined from the chart on the inside of the front

OOTe )

(22) Repcat steps (11) through (16) on
Recciver "aW,

(23) Oonncet the output of the SOR-211
Frcquencey lleter to one of the "4NT IV" terminalse

(24) Trin the UIXER, 2ND RF, 18T RF and
Antcenna OHLNNZIL & controls for maxinunm scnsitivity,
ag indicatcd Ly the TUNING INDIDATOR "eyc', Repeat
this several times. It may be necessary to reduce
the scnsitivity control of thc band in usc 80 as not
to overload the receiver,
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Gs  Operation with VFO (Variable Frequency Oscillator)
NOTE

Operation with VFO is sinilar to
crystal operation except for the
control rositions and tuning ad=
Justuents of the Oscillator panel.

8+ By neans of a screwdriver, turn the slotted
shaft (8~50) on the Oscillator panel corresponding o
the band in usc to the "VFO" position.

b. &ll VFO ranges are from approxinmately 2 to
4 mc.Tand frequency multirlication is crployed 40
produce the correct high frequency injection voltage.
The harmonice used for the various tunins ran~es arc
shown in the followin~ table:

Band Frequency Rrange VFO Frequency Harmonic
Used

1 2.4 to 4.2 ric. 2.86 tc U4.66 rice Fundamental
2 4.2 to 6.9 rec. 2.3 to 3.7 noc. 2nd
a 6.9 to 11,2 nc. 2.4 to 3.9 ngc. 3rd
11.2 to 17.5 nc. 2.3 t0 3.6 nc. 5th
5 15 to 23 nc. 2.2 to 3.% nc. 7th
5 17.5 to 26 nc. 2.5 t0 3¢5 11C 7th

* Llternate.

Ce Sclect the VFO frequency in accordancc with
the formula:

Carrier frequeney in kilocycles, rlus 465,

divided by the order cf harronics (as
given in the above table.)
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EXAMPLE:

Assume a carrier frequency of 12,000 kc.

Referring to the frequency chart above,’
the 5th harmonic is indicated.

The formuls then becomes:

VFO frequency = 12,000 + U465
5

= 2497 kc.

ds Set the VFO tuning cosntrol (I-121) corres—
ponding to the band in use, to the VFO frequency
obtained by the formula and in accordance with the
chart found on the insidc of the front door.

cs Tighten the knurled nut on the VFO tuning
control (I1-121) to obtain the desired amount of
friction.

f. Inscrt the tube adapter plug in placc of
the h~f anplifier tube in the socket marked "FREQ.
OHEOKY" of the Multiplicr unit.

g+ Oouplc the "rcd-vlack" wirc of the plug to
the output terminal of the 80R-211 Frcquency Meter.

he Sct the SOR-2ll Frcquency Meter to the cxact
VFO frcquency as obtained from the formula above.

1. Trim the VFO tuning control for zero beat as
heard in the SCR-211l phones.

Je On the lultiplicr pancl, sct the MULTIPLIER
and AMPLIFIER tuning adjustments, corresponding to
the band in use, in accordance with the settings in~
dicated by the charts on the insidc of the front door.

k. Procced as in paragravh 7. be (7) through (24).
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¢+ Radioteletype Opcration
&« Reception from Distant Station.-—

(1) 1In first cstablishing radioteletype
communication, there is usually nc easy way to
conriunicate dircctly with the distant station. It
is desirable, therefore, to rmake as many local tests
ag possiblc beforc attenpting overall comnunicaticne
Thesc tests include carcful checks of both the trans—
nitting and reeeiving facilitiese. The poling of the
transnitting side is checked vy sending a steady
marking signal frorm thc teletrpe equiprenty Jbserv—
ing the condition cof the scnding relay a2t the trane—
nitter, and then zero beating the output of the
frequency shifter with an S0R~211 Frequency leter.
Then a stcady spacing sipgnal is sent from the tele-
type cquipuent. The positicn of the sending relay is
observed, and the 8SCR-21ll is again sct to zoro beat.

(2) 1If the marking frequency ie higher
than the spacing frequency, as it should be, it will
be nccessary to turn the S0R-211 dial very slightly
in a counter-clockwise directicn (toward the lower
end of the scale) to get back zero Beat on the spac—
ing frequency. If the rcversc condition occurs,
there is a turnover which wmust be corrccted. Oare
nust be taken to correct this turnover at the right
point. That is, all teletype equipment nust be
poled the samc way at thc Signal Ocnter so that
patchcs may be nade at the loop switchboard without
causins turnoverse

(3) The stcady spacing signal referred
to above may be transmitted by stoppins the TD notor,
operating the armature of the starting magnet, by
hand, and then slowly turnin~ the flywheel of the
notor toward the rirht, as vicwed from the front,
until the brushes rcst on the "Start! scgrient.

(4) similar tests should be nade on the
recciving equipment to insure proper poling. When
the armaturc of the 2554 relay in the AN/FGOL ter-
ninal is held on the richt side, the teletypewriter
or repcrforator should »c "closed", When the arna~
ture is held cn tac left side, the reperforator
ghould run “open!
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NOTE

In the case of a simplex circuit,
or a duplex circuit when a rnoni-
toring recciver is available, it
is ugually desirable to send tele-
type signals out on the air, pick
ther: up at the local rcoeiver,
and copy thew with the receiving
tecletype equipnent. If this
cannct rcadily bLe done, local
loor tests should be made at the
Signal Ocnter Ly patching the
output of the sendiang teletype
cquiprnent to the input of the
recciving cquiprient.

The general test procedure, herc-
in descrived, that of sending a
signal on the proper frequency
frox an 80h-211 intc the recciver
rnay further be utilized in check-
inn the position of the various
rclayse.

(5) It is usually ncccssary to arrange
by radiograr for overall tests. A mood plan is to
have the distant station send steady carrier
(marking) for a specified period lonz cncuzh to tunc
the receiver. Durin: the testing period, the station
call letters shculd be sent occasicnally, since there
nay e a steady carricr on a nearby frequency which
night be confused with the desired frequencye. The
radiogran should also specify that extended "marks!
and 'spaces" be sent for a short period following the
stcady rarking sisnale.e This is done so that the
filter outputs, recciving relay current, and relay
position in the AN/FGS1l Equiprient can bDe checked.
Finally, reversals RY, or a test scntence should be
transnitted,

(6) The rccomriended test tape shall be:
(Space} THE QUIOK BROWN FOX JUMPED OVER 4 LAZY DOG!'S
BAOK 1234567890** SENDING (carriamc roturn) (linc fced)
(space). Ferforate a tapc consisting of the above, re-—
peated threc tines. Join the cnds, and insert the
cndlose tapc in the TD set for test transrissions.
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(7) When transmission is satisfactory in one
direction on one frequency, similar action shoull be
taken in the other direction. Finally, two-way
communication may be cstablished and the remaining
frequencies lined up. It is undesirable, and econfusion
will result if both directions are simultaneously
aligned, or if both directions shift to a different
frequeney at the same time. Try to maintain communica-
tion in one direction of transmigsion while tests or
changes are being made in the other direotion. If
necessary, instructions may be sent "blind" because it
will be known that persomncl at the other end of the
radio circuit are listening. -

be. Jntenna Conncections.~ Conneet the pair of
Diversity ntennas to be uscsd to intenna terminals I and
IV. Dial "6" to connect Receiver & to Antenna IV and
Receiver B to Antenna I. If reception is to be obtainead
from an additional point, conneet the second pair of
diversity antennas to terminals I and III. (See Sketch
D, page 33).

¢. 4djustments.-

(1) Dial Bond desired. (previously set-up
in accordance with paragraph 8 or 9.)

(2) Set BFO oscillator control to XTAL, AVC
to ON, DIVERSITY to OFF.

(3) Turn AFC knob in AN/FGC1 cabinet to OFF.
Press AFC DISCHG button momentarily. Wait a few seconds
for frequency to stabilize.

(4) Adjust the vernier control until the
Frequency Indieator on the AN/FGCl equipment indicates
zero, and REC REL.AY 1 eurrent is positive (showing
marking current). The slotted shaft (S-50) may be set
to either XTAL 4+ or XTAL - position to obtain this
condition.

(5) Set BFO oscillator control to BFO and
adjust BFO trimmer screw until zero beat is obteined.
Turn the trimmer clockwise until an audio tone of 2125
cycles is obtained as indicated by the Frequency
Indicator.

ra
()]
1
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NOT&E

Turning BFO trimmer clockwise a
small amount will calUse the
Frequency Indicator meter to in-
dicate toward the left. Readjust
the trimmer ocontrol to obtain
zero on the Frequeney Indicator.

(6) Turn ARG knob in AN/FGCL eadbinet to ON
and note that the Frequency Indicator reads about zero.
Assuming that the LAFC leads have been properly poled in
the initial procedure, a high meter reading indiocates
that the BFO is improperly adjusted.

(7) GCalibrate the AFC circuit in accordance
with paragraph 9 i (1) (e) of TM 11-356.

Ge AdJustment for Proper Audio Output.- With AVC
"ON", DIVERSITY "OFF®, and the SENSITIVITY controls of
both receivers advanced to maximum clockwise positions,
measure the audio outputs of both receivers while
listening to the distant station as it sends a steady
"mark". Be certain that the AUDIO LEVEL controls are
on the same step. Measure as follows:

(1) Pateh AC METER to RAD REC OUT jacks of
each channel and note the 2ifference in average levels
over a period of several minutes. If the outputs do
not differ by more than 6 1b,, no further ad justment
of the sensitivity control is required.

NOTE

4 quick way tc determine the number
of degrees on the meter scale which
equal 6 ab., is to real the output
of the receciver on the lst audio
step. Since each aulio step equals
very nsarly 6 db., the change in
reading on the iC METER will equal
6 db., iees, if on step "one" the
reading is 4, and on step "two" the
reaeding is 9, then, 6 db, is
represcnted in the range 4 to 9.
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(2) 1If the difference is greater than 6 db.,
readjust the SENSITIVITY control on thc Recciver
having the lower level until it is within the 6 db.,
requirerient. It is undesirable to opcrate with onc
receiver sct at maximun sensitivity and the othor
recciver at a point near ninimum sensitivity. If
this occurs, it indicates an unbalanced condition,
and the alignnent of the RF portion of the receiver
having the poorer sensitivity should be checkede

(37 &djust the individual audio outputs to
obtain an averazc reading in RiD REO QUT jack corree—
ponding to that obtained on NORMAL TEST LEVEL. THE
SBETTINGS OF TEE .iUDIO LEVEL POTENTIOMETERS SHOULD NOT
DIFFER BY !IORE TH.uN ONE STEP.

(4) Turn both DIVERSITY switches ON.
NOTE

When operating in Diversity, the
two reccivers nust have similar
overall perfornancc. If the re-
ccivers arc more than 6 db. apart,
one of the gets will probably
ncver contribute to reception,

and will, in fact, adversely
cffcet the operation of the
systern.

¢« Mark and Space Turn—-overs.-—

(1) Onc of the fcaturcs of the Radioteletype
8ysten is its symmetry. Except for the arbitrary de-
signations "Mark" and "Spacc', there is no difference
between the two conditions uscd for signalling.

(2) If, however, a turn~over occurs at sore
point in the circuit, narks and spaces will bc reverscd
and uninteliigible copy will e received. This cculd
be corrected at any point in the circuit ag far as
transmission results arc concerncd, and occasionally,
it may be neccssary tc operate temporarily in this
nanner. Such opcration will, in the long run, cause
excessive confusion and nakc cxtra work for those in
charge.
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(3) In a circuit where a turn-over can occur at
any one of five points, there are many possible correction
points, only one of which is the correct one. It is quite
improbable, therefore, tha® the correct arrangements will
be found by random experiment. When difficulty is ex-
perienced, it is generally desirable to check 2ach point.

(a) Ask the transmitting station for a mark.
Operate on manual BFO and adjust until marking detecctor
current is reccived and the Frequency Indicator meter
indicates zcroe.

quaney of thoe BFO (turn
notc whethor the audio
d the corrcsponding

D o
3 1rc

(b) Incrcass t
the scrow countar-clockwisc
Troguoncey is lousroed or rai
action o the Treguoney Ind

{c) If the fr L2 BFO is above
the i-f, turn thc AFO off and © tic BFO until the
signal 1s tuncd irn with the BIFO bolow the freguency.

(d) Irersasc the frooucncy of the HFO
(Eigh froguency Oscillator) by adjusting its vernicr
control, detorminc whother the HFO is above or bolow the
carrior frooucney. 2xcept for an orror in crystal
frequency, it is improbablc that the ¥¥0 will b bolow
the signal froquoncy. If this should occur, howevar,
it will oo nceossary to opsrote temporarily with the VEO

osts indicatc thot the

(2) If tho cbove t
HFO is above the desircd freguency, and that the BFO is
below the i-f frequency, osk thoe transmitting station to
send & "space" signnl and notc the REC RIL CURRENT.

(f) If the marking and spocing currcnts
corrcspond to thosc transmitted, ths turn-over, if any,
must oxist in thc DC portion of the raceiving circuit.

{g) If they do not corrcspond, thc turn-
over is ot the tronsmitting cnd and may be duc to im-
proper conncctions to the keying cquipment,
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f. Notc on Diversity Operation.~ With space diver—
sity operation, two duplicate channels arc uscd at the
rceciving end. The system will work, although in en in-
fcrior manncr, if for some rcason onc channcl becomcs
disabled., For example, onc tubc might become wcak, a
stage bcoome detuned, or by mistake, the scnsitivity
control of one receiver might be left at a low setting
It is desirable, thcrcfore, to listen to thc outputsc of
the two rcgeivers occasionally to find out if they are
similar. Another tcet which may be uscful is to watch
the reccived copy while disabling firgt Recciver &4 and
then Rcoeiver B, and note that copy is similar in caoch
cass., his, of course, is not advisable on a working
circuit.

g: EiaBe—

51) The bias toleronce of the overall systen
is about 35% nmaxinmunl.  This icans that the transnitting
end might introduce 5%, the rcceiving cquipment 5% and
the air path add 25% oiase It will be rccognized that
bias should bec kept as low as possible in order to cope’
with radio conditicns which often rapidly change fron
ideal to poor.

(2) 1If the cunulative bias is not kept with—
in closc linits, (for examplc 15%,) inferior operation

will result during thosc periods which occur each day
when signals beceoric weak and spottye.

CAUT ION

THE DESIRABILITY OF REMOVING BIAS
CANNOT BE OVER~EMPHASIZED.
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SECTION III
FUNCTIONING OF PARTS
l. Radioteletype Operation

2. The "mark" and "gpace" signals required for
teletype operation are produced in the transmitter by
ghifting the mrrier. One frequency is esgtablished
for "mark" and another, 850 cycles lower, for "spacc'
The carrier of the transmitter is always on the air.
Instcad of keying the transmiticr on and off, the
carricr is ghifted alternately from "mark" to "space'.

b. AN/FRR-3a contains a beat oscillator which
converts the "mark% and "epace" incoming signals to
audio frequencies of 2,125 cyclcs and 2,975 cycles
respectively. The individual toncs are awmplified and
fed to the AN/FGCl equipment.

c. The AN/FGC1l Teletype Terminal cquipment filters
arnplifice, linmits and reectifies the individual tones
fron the AN/FRR-3a reccivers. The rectified direct
current pulses energize the "mark" or "gpacc®" windings
of a polar rclay which in turn opcratcs the tcletype unit

2. Antenna Unit

a. Circuit Opcration.- The prinary purposc of the
Antenna panel is to matoh the input impedance of the
receivers to the impedance of the transmission line.

(1) The Antenna pancl-is divided into two
sections designated as Channcl A and Channecl B.
Inasnuch as the two channels arc elcctrically identical,
Channel A will be discussed with the understanding that
the circuit operation of Channcl B is the same.

e e s e | [,

Qe 600 ohma line

LaniD

»

[ & 2 T0 ohmf‘line,mq_n“o
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(2) Pransmission line connections are made at
terminal strips W-24b and W-24c. Provisions have bcen
madec so that transmission lines having surge impedance
values of 70, 200 and 600 ohms may be handled. The
terminal strips have three points at which connections can

be made. (Refer to Sketch C%. For 70 ohm line,
comnections arc to be made at the bottom terminals,

200 ohm line at the middle terminals (as shown) and
600 ohm line at the top terminals.

(3) The signal is then applied through one of
five slug-tuned transformers to a triode B-27a. The
output from this tube is taken from the cathode across a
200 ohm unbypassed resistor (R-14lc). This cathode
follower typc circuit provides an impedance mateh from
the antenna panel to the resciver and  incures maximum
transfer of energy. The output of the Antenna panel is
taken from plug P-13a.

b. Band Se¢lection.-

(L) The five pilot lights at the right of the
front panel marked 1, 2, 3, 4, and 5 indicate the position
of the motor driven Band Sclector Switech S-53.

(2) when, for example, band 5 is selected, d-c
voltage from the Remote Control pancl appears on the band
switeh, energizing Relay N~1l2. This relay operates and
closes the a-c circuit to Motor H-lla. The mobtor rotates
the band switch shaft until the open section of the
revolving disc contact arrives at the contact supplying
the voltage from Remote Control panel for d-c¢ Relay N-12.
The relay energizing circuit then opens, the relay
contacts are releascd, the a-c circuit is opened and the
motor stops. The revolving contact on the front of the
wafer now rests on #5 pilot lamp contact, lighting lamp
#5 on the right side of the front pancl, indicating the
band in use.

¢+ Tuning 4d justments.-

- The tuning of the coupling coils in the
antenne matching panel is accomplishcd by varying the
position of the screw-driver adjustments through the
front panel opposite the correct band number. The tuning
ad justments on the right side of the front pancl are for
Channel A. The tuning adjustments on the left side of
the front panel arc for Channcl B.

- 71 .



RADIOTELETYPE RZCEIVING EQUIPMENT
AN/ FRR-3

d. Antcnno Sclection.-

(1) The four pilot lights on tho left of the
front pancl lndlCutn the position of the Antennc Scleetor
Switch., ZIach lamp is marked to 1aﬁnf11y onc of four
possible ﬂntGLnu comblnutlons, two of which arcs mariced
OPZRATE and two of which arc marked ”ONITUR The
sclcetor switch is metor-driven through the automatic dial
contrcl systom in the Rzmote Control unit.

Antennc scloction is acccomplished in ~ manncr
< bard switch operation. This circuit,

L izes the Antonna Scleetor Switch S-52, Motor
tor Rcolny N-1l2c.

NOT=E

Skauvch D, Antenno 3 “Vitcbing Systecm,
will be helpful in understarding
the anternra conncchtiorns Lo the two
charnels,

(3) Sclecting 4%~ BY conrocts o poir of antennas
to ths two sets of coupling ccils ror Charncls A and B in
the antenrna urit., antonna IV will be switchod into
Charnel A and Anterre I will be switched into uhunrel B
This will providc cach recoivor chnnncel with an antonna
dirceted upon the some ezimuth for diversity opcration,

ng AKX - BI will sct up the

(4) Likowise, sclecetin
versity on amothcr azimuth

antenna comblnktlons for div
through Channcls . =ard R,

(5) Seclocting R 1 e R switch ong antcenna
from ono directional pair into Charncl 4 2rd onc from the
other poir into Channcl B for monitoring in two dircctions
Similarly, sclecting A~ BT will provide two-dircetion
monitoring with the other antennas.

(6} In the svent of failurc of sither of the
roceivers or cither antenna, this switching arrangemont
permits singlo roccivor operation in cithar dircetion.

Se Motor Switche- Two motor switehas, 35-37 and S-37a,

arc provided on th:e frornt panrcl to operot:s raspoetively

the sntenna Scloctor Switch and Band Switch through the
motor relays, indepondent of the romote cortrol system.
These switchcs permit individurnl overation in the svent

of stepper switch failure ard arc convenient for testing
burposcs

- 32 .



RADIOTELETYPE RECTZIVING EQUIPIENT
AN/ FRR - 3a

QT T T 770
[ oot ) | B O
2 | | i
: ! T o-E— . |
¢ Ld 31 | o |
£ i L | i |
b T b
| S Lo
Band Scelector Antenna
Switch Selector
rT T T I
| ot ;
AP
£C.
A P 3 |
/4 ' h g’l‘ |
| — )
| ot— |
b e

ANTENNA SWITCHING SYSTEM

SKETCH "D"

- 33 -



R.LDIOTELETYPAE RECEIVING EQUIPLINT

R
L N/ F R R-3a

<4

f. Disabling.~ Four double-pcle rclays, N-19 to
N-19c¢, ground both sidss of the four tronsmicsion lincs
cntering the antecrno unit wher the key switeh cn the
Renot 3 Contrcl pancl is in the SHND position, This 1is
import~nt when bhv recciver is boing operatsd in the
ficld »f ~ companion transmittor. Those discbling relnys

alsce oncrate during switching aparetions,
3e Rocaiwror Unit

2e Rocoiver Controls.- The two rcceivers marked
RECZIVIR B nné RITCUIVIR 4 ~r3 cleetricclly ~nd mochanic-
n1lly idontical, Tho lights on ths right side of the
nerel irdicate the neosition oo tho scluctor switch, The
cortrols on the loft sidc of the front pancl scrve tho
followirg Tuncticrs:

(
1S4

le Tho INDICLTCR COONTROL varics ths sensitivity
of tThe iUh;ku IKDICLTOR oye®™ on ths front
pancle.

e Ln LUDIO LEVIL control in 6 db. steps is
provided on cach rocciver to permit adgust—

nent of ths audic output leval,
viteh turiis the AVO on or
permittlng removal of ths AVC fer
rec

T
i CiVCIrs.

or adjusting the

P A o
U.L.L'
setting up

4. The DIVIRSITY switch is providced tc open or
close the irter-acting circuit betweoen the
two AVC systamse. This pormits cach rcceiver
te operate individually on its own AVC systen.

b. Circuit Function.-

(1) 3ach roccciver has twe stages of tuned radic-
frequcney amplifiecation, 3ZIach “tag; has five tuning
rangcs. ©Onc operating channcl may be pre-tuncd within
the limits of caelr tuning range, 4 nixer stege, sifiilarly
tuned, follows.tho.r-7 amplificrs.

(2) Thr:c stages of intornodiate frequency
auplifieaticn follow the nixor, 4 porticn of the Signal
voltage fron the 2nd i-f stngzs is fed te the contrsl grid
cf the LVC i-f amplifior B-28ec, The cutput of this tube
is then rectificd in the LVC dctcetor B-26a. This dircct-
currant voltege provides Autconatic Volume Contrcl for all
r-f and i-f stagcs,
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(%) Two stages of audio froguency amplificntion
follow tho signel dctccter B-26, The firal audino output
is connszctcd to o torminnl strip on the roar of the
chassis, Output irpedances of 600 aud 150 chns ars
nvailable, nec PHSNES jrck on the front pancl is "bridged™
across the 600 chn cutput terninnls.

(4) Tuning controls for the first throc stages
in the roeciver arc providsd or the front panscl narked
1ST RF, 2ND RF, and [IIXZR, and numbered in accordance with
their respective bards. Sensitivity controls are pro-
vided in cach band so that the gain of both receivers
may be balanced to insure proper divoersity oparation,
Mcans Tor 2ccurate visual tuning of ths r-f and mixcr
stages iz rrovided in the form of a tuning "cye", narked
TUNING I¥DICATCR, on the left of the Recciver pancl.

(5) Thno TONZ EZVIR torwinals on the rcar of the
RECEIVER dslivar ractified dirsct-currcnt proportional to
the applicd sigral. Tils circeult, howovsr, is not
utilizod in tslctype scervicce, but iz provided in the
event the oquipmeont is to bc uscd on radio telegraph
circuits,

4, Multiplicr Unit

a. Functioncl Description.- Tho Multiplicr unit has
the primory function of multiplying the freqioncy of the
HFO., Two RFC isolation amplificrs provide cffcetive
isolation for BFC injoction into thc individual recclvers.

(1) Tuned circuiis in tho nultiplior and
amplifiecr stages ars sclocted by meons of & motor-driven
bond switch. The lights orn the rizht of the front pancl
indicrte the bard in usc. Resonance of thc multiplicer
~nd amplifier stages is irdieated by on elcctronic
tuning indientor on the front panel.

(2) The coils cf the multiplier and amplifier
stages are tuned from the front panel and are marked with
their respective band numbers. The tuning chart attached
to the front 2oor indicates the settings for the tuning
coil adjusiment screws,
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(3) In addition, the LIULTIPLIZR chassis contains
two voltage regulator tubes., One tube stabilizes %hs
D.C. plate voltage to the BFO, the cther to the HFO.

(4) A flexiblc shaft couples the Multiplier band
salector switch to the bard scloetor switch in the
Cscillator unit., Tac purposc of this conncction is %o
changc the Oscillator tuning Tranges simultancously with
the changs in the dMultiplier tuning ranges.

(5) The two irdicator lamps markcd NORMAL ard
COLD or the 1loft side of the front pancl of the Multiplicr
unit irdicote the aporation of tho double thermostatb. For
interprosation of tho lamp indicatiocns so0o Scetion IT,
paragreoh 4 Co oL DREC 106,

b. Circuit Cpocration.-

(1) HFC Ssctione- Thas imput to the Multiplier
unit from the HFO is through pliug P-13. 1In tho first
stagc, the signal is applicd to the cathodo circuit ccecross
a 150 chm unbypassad resistor, The cortrel grid of this
tube is groundod. This circult arrapgamcnt provides the
proper load terminatiorn for the HFO., This stage functions
as an isoletion nmplificr, ard 1s capccity-coupled to the
second stoge (B-22z). Tuos B-22a 1s biascd sc thot
harmonics will be gercrated in the plate circult. Capacity-
coupling is agoin uscd batwccn the sccond stage (the ‘
Multiplicr) ond the third stage (the Buffer). The griad
circuit of the Buffer is slug tuncd. Five individual
circuits {ong for coch band) solcet the desirced harmonic
thet hes been gencratcd im the platc circuit of the
Multiplier tubc. The Buffor is capacity-couplcsd 1o a
High Froquency Isolatiorn Amplifier. Horeir arc omployed
two 6V6GT tubss (B-21 ond B-2la), which ars oxcited in
parnllel. The ocutputs from thosc two tubes arc teken
from the cnthodes ~nd opplied to plugs P-17 ~rd P-17c
respoctively., A portion of the output of B-2la is applicd
to tubc B-17, whers it is rectificd omd therce cpplied to
the Turing Indicntor B-24.

(2) BFQ Sceticne~ Thz cutput of the BFO is
opplicd to the Multiplicr unit through plug P-132 and
prosentod to the contrel grids of tubcs B-21b arnd B-21c
in parallcl. Thoso tubes func.l.on as buffor amplificrs
and scrve to istlate the roecivors from undcsirable
cormor chuplings. The cutpubts from those tubcs arc taken
from plugs P-15 ard P-152.
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S. Oscillator Unit
8. General Description.-

(1) The Oscillator unit is contained in =
temperature -controlled oven operating at approximately
559 ¢, It consists of & High Freguency Oscillator and
a Beat Frequency Oscillator.

(2) Selection of any of five tuning ranges is
accomplished automatically, in accord with band selection
throughout the entire unit, by moeans of a flexible shaft
connzeted between the Multiplier bomnd sclceetor switch
and the band sclcctor switch (3-55).on the Oscillator

chassis,

3 2tir Tt
with four "”ting olemcnts, R~
These clements ore 1oc a
Oscillntor chassis with
contact tnoromstbt nmeinteins on cvon
approximately 55° C,

b. High Froguency Oscillator.-

qucrey Oscilictor opcrates on
XTAL or Vﬂv cpcration
ngs 5-50, S-50a, S5-50b,
0 cillﬁtor front pancl.
its respective band,

(1) The High Fr
five individusl brrise. =&
T
d

by
(9]
"'5

may be choscn by moins of
S5-50c, and S5-504, locate

D

S
t

(2) dhern cperating in the XTAL position, tho
frequency of the IFO econ be variced by means of a trimmcr
cepacitor located in the crystal circuit, and controlled
from the Oscillator front pancl. Fivae trimmors, c-111,
Cc-111e, C-111b, C-1llc, and C-1114, arc provided, v“cn
cffcetive only in its respcctive band.

Ce Beat Fragucney Oscillator.- 4 BFO switclh,
mounted on the Oscillator front pancl &ﬁd mnrkced OFF-
BFO-XTLAL, is locatcd in ths grid ci of tubec B-20a.
This provides two cholces of BFO cpora

(1) Crystel - 462.45 ke

Y
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(2) Sclf-cxcited

(a) 4Lutcomatic Frequency control by
nocens of a varlable reectance
tubz coupled to the AFC circuilt
in the Terminal cquipnent,

(b) Manual control is cvailable by
turning thc LFC control in the
LN/FGCL cquivnient to OFF and
the BFO swiich on the oscillator
pancl of LN/FRR-3a to BFO, Scc
sub-poragraph ¢ (2), page 40,

de Frigucrcy Conversion Syston.-

(8) £ 4+ 425 v
(M) £ =425 ~

(5) 2975 ~
() 2125 ..

HFO
f + 465 ko

BFO
462,45 ko
FREQUENCY CONVERSION

H
nn

465 ke ' | U= Mark
Assiened Frequency & Space
SKETCH "EM
- 38 -
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(1) 1If, for example, the assigned carrier
frequency were 12,000 ke., the transmitter would be
adjusted to provide the following mark and space
frequencies:

(a) Mark = 12,000 + 0.425 = 12,000,425 ke
(w) Spaec = 12,000 ~ 0,425 = 11,999.575 ke,

(2) Since the harmonic of the High Frequency
Oscillator is 465 kc. grecater than the carrier frequency,
the marking and spacing frequencies in the i-f stages
will be inverted so that the marking fregquency is the
lower of the two. The i~f and audio output frequencies
obtained thercfore are:

(a) I-F (465 ke)
Mark 465 - 0.425 = 464,575 ke.
Space 465 3 0.425 = 465.425 ke.

(b) Audio Output
Mark 464.575 - 462.450 = 2,125 ke
Space 465.425 -~ 462,450 = 2,975 ke

€e¢ Automatic Fregquency Controle-

(1) 4 component of the AN/FGCLl equipment which
electrically and automatically converts the difference
between 2125 cycles (Mark) and the input mark frequency to
o proportional voltage which is applied to the AFC tube
in the Oscillator unit. Its action is to maintain the
correct frequency, irrespective of slight variations in
the transmitter frequency or the BFO. The control voltage,
which is zero when the mark frequency is exactly correct
(2125 cycles), appears acrogs an ungrounded pair of
terminals. It is important, therefore, that the output
of the AFC circuit be correctly poled when it is comnected
to the AFC tube in the receiver.
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i

-
a1
\

(2) Occasionally, it may bce impessible to usc tho

crysthl BFf0 ond the “rC circuit riay bec affeccted by un-

ranteéd intcrferonces By turning tho “Fu centrol in the
AN/FGCl cquipment to OFF and the BFO switch cn tho
cscillator panol of LLK/FRR-3c to BFO, thu tunablc boat
frequeney oscillotor is available for rnanual tuning of
the BFO, This is the least desirable zrrangomsnt, but
it mny be used to provide scrvice when tonporary
conditicns meke thoe usc of crystal and LFC-BFO in=
practicable. In econcral, oFC should be uscd at cll tircs.
If not practicable to use LFC, crystal or nanunl oscillator
should be used in that ~rior.

6. Bleetricnl Chorrcetoristics

SENSITIVITY 3 :‘icravolts or loess for 50 niilliwatt
cutnnt (ot Aanty fracnenesr with porriar
(R AT A v Ay +od A e VW ode Waaa Vil 4 LA
b I s \
30% recdulated ot 400 cps.je

ILGE RLATIO  Better thon 60 &b. ot any fregucney

SIGN.L TO Batter than 10 db. at any fregucncy
NOISZ RATIO

SALICTIVITY 5 ke bandwidth ot 6 dbe. down

L

+VC REGULATICN withi for ¢ sigral change of

n 3 a
16,000 ¢

b
50 1

7e Remote Control Systar

L.« Power Scurcc,~ L1l relays and the stopper
switch operate on 50 volts “ircct current. The powsr is
obtnircd from o transformor rounted on the Fower Supply
unit. The altecrnoting currcent fron this trapsforier is
fed tc 2 seleniuwi-oxide rectificr mounted on the rcar cf

thoe Rorote Corntrol unit,.

b, Stcppor Switch.-
(1) The steppsr switeh, loeated on the Renote

Control unit, consists of « s1x~bunx rotary switch. Tho
wipcrs ove 1n urnison ard arc driven by an clectro-nagnet
through a ratchcet mechinnisr, Jhen the clectro-riagnet is
crergized by pulses of current which are controlled by the
selcctocr dial, tho switch woves fron the ncutral positicn
to adjacent contactse 40
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(2) 1If, for example, position 4 is dialed, four
pulses will appear on the stepper line, and the steprper
gwitch will move to contact No. 4. The stepper remains
on contact 4 until all the operations are completed by
the motor-driven band switches in the Antenna, Receivers
and Multirlier chassis. After the operations cf the
motor-driven band switches are completed, the holding
current is releascd and the stepper switch "homes" to the
neutral or starting position.

¢e Lever Key Functicns.- The lever key serves the
dual function of preventing noise from operating the
stepper switch when the telety~c is working, and also
disabling the AN/FR:-3a and ALN/FGCL, shoull the equipment
be located in the field of a strong transmitter.

(1) SEND Pusition.- When the lever koy adjacent to
the dial on the front of the Remote Control unit, or the
lever key on the iLuxiliery Control box, is nlaced in the
SEND position, the linec is ce¢losed through Resistor R-102.
Current then flows through the circuit, ener.:izing Relay D,
grounding the antenna transmission lines tarough the
antenna relays, and disabling the associated 4N/FGC1
equipment through its disabling circuits. Reloy A
(marginal) does not operate, duc to current limiting
resistor R-102,

(2) OPER Position.- The position of the lever key
marked "OPER" opens the control line and all the disabling
circuits outlined in the preceeding paragraph.

(3) DIAL Position.-

(a) Holding the lever key in position
marked "DIAL" closes the control line circuit, which
energizes relays D and 4 in the Remote Control unit. Relay
D eloses contacts, disabling the Al/FRR-3a and the AN/FGC1
8o that no impulses appear on the teletype during the
dialing operations. Relay A4 first removes voltage from
the homing wipers of the step»cr switch and then energizes
Relay B, located in the Remote Control unit. Relay B
prevents the homing circuit from operating until all the
motor-driven band switching has been comnleted,

(b) The coils of Relays D and 4 are in series
across the contrsl line. 'When Eelay B, which is slow
acting, becomes ¢ncrgized, it short-circuits the windings
of D, allowing the full pulsing voltage from the dial
control to act on A,

S -
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(¢) Relay B also energlzes Relay C, located
on the Remote Control unit. Relay C, which is the last to
operate on both the start and finish of the dialing
operation, alsoc holds the disabling circuit closed, and
renoves voltage from the motor control wipers on the
sterper switch.

(d) When dialing, each current pulsc
operates Relay A only. Relay 4 in turn operates the
stepper switch, causing it to comec to rest on the desired
position, placing power on the motor control relays
located on the Antenna, Recciver B, Multirlier ani
Receiver 4 chassis. When the motor releys are closed,
they provide 110 volts alternating current to the five
band switch motors. Jfter the motors complete their
operation, and ecch motor-iriven switch in turn comes to
the desired positisn on the motor-control wafcrs, the
holding circuits arc relccsel and the stepper switeh is
"homed" to its neutral or starting posi%tion.

d. suxiliary Diel Control.- . small iluxiliary Dial
ContTol unit, similar t: that con the rfront pancl of the
Remote Control unit, is provided for remote control
operation. 4 chart for dial operation is inside the front
door (sce page 15 ). Both the main dial on the AN/FRRB
cabinet and the Auxiliary Dial Control unit operate with
the same dialing codce.

€e Motor Control Relays.-

(1) Motor control relays arc locateld on the
Antenna, Receiver B, Multiplier and Receiver A units.
They suprly alternating current to the motors to operate
the band switches. They also apply braking current to
the motors to rrevent over-travel of the band switches.
The motor-control relays receive their voltage from the
stepper switeh in the Remote Control unit.

(2) When voltage arrecrs on the stepper switceh,
it is applied to the corresponiing fingers on the various
motor control wafers of the band switches, elosing the
notor releyse. This applies alternating current t» the
motors from the iniiviiuwal transformers mounted on the
respeetive units. Eoch relay also returns 50 volts
direct current back to the relay in the Remote Control
unit, holding the stepper switch and preventing it from
"homing™ until band selection is accomplished.
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f. Band Switch Motors.-

(L) The motors rotate the band switches until the
notch sn thce motor control wafer reaches the finger on
which the control voltage appears. This interrupts the
circuit to the motor control relay causing it to open.
Opening of this motcr control relay removes the alternating
current from the motor, applies 50 volt direct current to
its ficeld through & limiting resistor, and short circuits
the armaturc of the motor through a low registance. This
effectively brakes the motor.

(2) When the last of the five motor reclays opens,
the holling voltage is removed from Relay A in the
AEBMOTE CONTROL unit, and thce stepper switch "homes" to its
ncutral or starting position. Durirng thesec orerations,
the "brake return" relay in the Remote Control unit has
been helld closed. The contacts on this relay have
providel a ground return fer the l-c braking current
apyplied to the motors. Yhen the stepner switech "homes™,
the "brake return" relay opens, thus interrupting the
braking current.

(3) Iiotor switches arc located -n the Antenna,
Recelver B, Multiplier and Recciver A panels. Should any
part of the disabling system become¢ inoperative, the
tuning ranges of tlc cquipment may be changed by using the
Motor Control switchese.

8. Powcr Surply System
2¢ Power Controle.-

(1) The power switeh on the front of the power
control panel is in the input line and controls the power
furnished t5 the AN/FiR-32 anl terminal units.

(2) A relay within the Power Control unit scrves
the dual functicn of turning on or »ff the power t»
AN/FRR-30 anl Terminal cquipment and to operate the
heater lamps on the rear of the Power Control unit. Fuses
arc mounted on the front panel of the Power Control unit.

be Power Filter.~ The power filter chassis contains
the Tilter chckes and filter condcensers for the d-c
rlate supply to the receivers, multinlier and »scillator
circuits.
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¢+ Power Supply.-

(L) The power supply chassis contains the plate
voltage supply transformers and tube rectifiers for the
d~c plate supply. It alsc has the power transformcr
supplying alternating current to the sclenium-~oxiie
rectificr on the Remote Control unit.

(2) in isolation transformer is located on the
power suprly chassis furnishing power to the heating
elements in the oscillator oven and also clternating
currcnt to operate the rclay in the Power Control unit

(3) 4 pilot light is provided on the front panel

of the power suryly. Vhen the lamp is on, it is an
indication that plate voltage is "on".
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SECTION IV
MAINTENANCE

l. General Trouble Checking

The following order should be used when checking for
trouble:

a. Fuses.- Check the fuses in the Power Control
unit.

b. Cables.- Check all cabling against the cabling
chart found on the inside of the back door. Check the
cable plugs and make sure that the pins establish good
contact to the plug. Check all cables for continuity.

6. Power.- Dial "0l". Power will be applied to
all of the units. If no power is present, as indicated
by Tube Socket Voltage measurcments, check ths power
supply and investigate thc powcr eables leading from the
Power Supply to the various units.

d. Tube Terminul Voltugese.- OCheck all filament and
plate terminal voltages in the various units against the
tables provided on pages 53~55 . If the plate voltages
are consistently low or non-cxistent throughout the unit,
Power Supply trouble is indicatcd.

ce Tube Circuits.- If troublc still persists,
measure all voltages at the tubce socket terminals. If
they do not agree with the values found in the tables
on pages 53-55, check the circuit for defective resistors,
capacitors, and connecctions. If all the voltages are of
the proper value, the troublc is due to tube failure or
to trouble in the circuits immediately associatcd with
these tubes.

2. MTroublc Chscking by Chassis
After having localized the difficulty according to
the procedure outlined in the prececding paragraph, the

following information will be of assistance in correcting
the faulty unit:
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a&s Antenna Panel.~ Little difficulty will be
experienced in this unit. Band switeh contacts should
be inspected and cleaned at regular intervals. If
relay trouble is suspected, refer to the Contact
Sequence Chart on page 51, and the Relay Maintenance
procedure on page 49.

be Recelvers.~ The circuits of both superhetero-
dyne regceivers are typical and the procedure outlined
above generally will suffice in locating the faulty
component. If the troudble is not eliminated by tube
replacement, make continuity tests and resistance
measurements on the associated tube circuits.

NOT=

To check the receiver circuits and tube
socket terminal voltages it will bde
neeesgary to remove the receiver from

the cabinet and plasce it on & test bensh
nearby. A special cxtension cable ani
plug assembdly is provided to connect the
receiver to the Power Supply in this case.

6e I-F Alignment.- In the event of poor receiver
performance, it may be necessary to realign the ief
transformers. This should be undertaken only after the
operator has assured himself that all tube voltages
are eorrect, thot all tuned circuits are tuning -sharply,
and that the difficulty is definitely in the i-f
amplifier. If i-f alignment is at fault proceed as
follows:

(1) Dial ™01" to supply power to the receiver.

(2) sSet receiver to band #1 by dialing "1v.
Remove 2nd P-f tube of receiver to be lined up and
insert in its place the adapter plug P-37.

(3) Connecet the red-white wire of the plug to
the output terminal of SCR-211 Frequency Meter,

(4) Turn receiver LVC and DIV switches to OFF
and turn band #1 SENSITIVITY CONTROL to the extreme
right position. Turn BFO switch on oseillator panel OFF.

(5) Connect a high resistance voltmeter across
the terminals marked TONE KEYER at right rear of the
receiver. (4s an alternative to this an output meter
may be used across the LUDIO OUTPUT terminal, and the
BFO used in either XTAL or BFO positions.
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(6) Sot tho Fregueney Metor to 465 ke irn accord-
ance with standard prccodure.

(7) Carcfully adjust primarv and sccondoery tuning
scrows on L-131 (Fig. 7) until moxinun rasponsc is
cbtaired. Thon adjust L-130, L-129 and L-128, in that
order,

TLRICING

These sercows heve been scaled in positicn
2t the Tocetory with glyptol and the scrow
slots nro rslntivcly Trogilc; hence a siall
scr"w river that fits the slots shoulld be
uscel ~nd great care cxsrcelsoed in loosoning
13 o scrows o ooavoid Liiage to the screw

-

(8) Repeat (7) ©ur 2 fincl "ouch-up™,

)  Turn DIV switch OF argd tunc L-132 for
nininun voltage at KOYSR toerninals.,

, (1C) Rocoiver i-f chanbsl is now proporly aligred.
Rostore sccond r-f tubc =n? procccl,
Lo Multiplicr cnd Cscillatcr Units.- If those units
f2il 1o function properly:

coils,

cr. or short-circulted
)

WLANING

Dial "o2" before attoupting
the follewing oporntion:

(4) Chcek for breken tuning slug by rurning tho
suspcetel slug serow 2ll the woy into the coil, thcn witii-
crew tho sercow. Corcfully probe inside the co Ll to
dotoet o brokon pnrv.

(5) I tho twy »pilot lights on the hwltiplior
pnnol 1abeled MOVIN HZLT" rorein con, investigntc the oven
and netice 1f Lt is henting properly  Rosistors R- 8,~ ]
R- 98m, R-122 - R-122~ «2rc the heating clerents, cplac
those that gy hmvo burrncd aut,

- A7 -
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€+ Remote Control Pancle.-

(1) To service the Remote Control panel loosen
the two "Airloe" fasteners on the hinged front pancl. The
relays associated with this unit may now be seen clearly.

(2) Turn the mein power switech ON. When the
lever key on the panel is placed in the DIAL position,
the following relays will be actuated: 4, B, C, and D.
When the lever key is in the SEND position, relay D will
be actuated. When power is apzlied to the ecquipment and
"O1" is dialed, the sterper switeh will rotate and relays
4y B, C, D, and E will be actuated. Refer to the article
on Relay Maintenance, Section IV, paragraph 3, and the
Contact Sequence chart on page 51, if these relays do not
rcact as described above,

f. Power Supply, Power Control, and Power Filter.-

(1) Power Supply trouble can gencrally be traced
to weak rectifier tubes.

(2) 4 very low or non-existent B+ voltage
indicates a lirect short circuit to ground.

WARNING

Turn the main power switch OFF
before attempting the following:

(3) Remove the power cables lcading from the
Power Supply to the other units and, using an ohmmeter,
measure the d-e¢ resistance from the B+ output to ground.
Normally this value of resistance should be about 100,000
ohms. If this resistence is appreciably less than
100,000 ohms, check all filter capacitors, chokes and
power wiring.

(4) 1If there is no power present in the
associated AN/FGC1l unit, relay N-18 in the Iower Control
panel should be checked, according to the Contasct Sequence
chart on page 51,
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3e Relay Maintenance
NOTE

Little or no trouble is to be expectod
from the relays during the serviee life
of the equipment, and unless repair
work is absolutely necessary they should
be left alone.

&e Cleaning the Contactse.-

(1) It is important that all relays, parts and
contacts be kert clean, since failure is often traced to
particles of dirt or lint between the contacts, or to
dirty parts in the mechanical assemblies.

(2) After lone periols of use it may be necessary
to remove accumulated corrosion that has formed on the
relay contacts. In the casc of normally closed contacts,
this cleaning ig done by burnishing or rubbing the contacts
with a small piece of smooth, hard spring steel, inserted
between the contacts, and gently moving it back and forth.
(4 standard burnishing tool is recommended for this
operation.) In the case of normally open contacts, the
relay should be manually operated, ani while the contacts
are closed the burnishing tool shoull be inserted between
the contacts, as in the case of normally closed contaets.
As a final step, elean the contacts with carbon tetra-
chloride after the burnishing process. DO NOT APTPEMPT TO
CLEAN THE CONTACTS WITH SANDPAPER OR FILES.

be. Trouble Location.-

(1) If relay trouble is suspected, a continuity
test of the relay coil should be performed. Coil
resistance values for the various rclays are found in the
table on page 51. In addition, the table contains a
detailed listing of the relay contacts that are closed and
open when the relay is energized and not energized. It
is important to remember how these contaets have been
numbered. THE CONTACT NEAREST THE COIL IS DESIGNATED LS
"l" - THE NEXT CONTACT READING OUT FROM THE COIL IS "2",
etc. In the case of two srring contact niles mounted on
the same relay and which are actuated by the same armature,
the same contact numbering system is used; however, a
subscript "a" has been added %92 distinguish between the
two sects of contacts. The "Brake Keturn-Motor Control"
relays, as well as relay "E", the "Power Control", and
"Disabling" relays are examples of this ense,
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(2) 4tccording to the table, contacts "1" and waw
on Relay 4 shoulld be closed when the goil is not cnergized
and "2" and "3" should be cpen. When currcnt 1is passed
through the coil (energized), contacts "1" and "2 open
and "2" and "3" close. If this contact sequence does not
exist, adjustment of the spring contacts may be necessary.
The adjustment consists simply of bending thc contact
spring very slightly one way or the other as required,
using spring bending tools, as supplied in the tool kit
with the Torminal cquipnént.

NOTE

SPRING BENDING MUST BE CAREFULLY .
PERFORMED SINGE THE TENSION IN THE
SPRINGS IS VEKY CRITICAL, - ESPECIALLY
IN THE CASE OF RELLY "A",

(3) In adlition to the preceeding instructions,
check the following items:

(a) Make sure all relay mountings are tight.
(b) Make sure residuacl screws are ticht.

(The small screw loecatel.in the.sontir o<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>