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DESTRUCTION OF

ABANDONED MATERIEL IN THE COMBAT ZONE

In case it should become necessary to prevent the capture of this

equipment and when ordered to.do so,

DESTROY IT SO THAT NO PART OF IT CAN BE SALVAGED, RECOGNIZED OR USED BY
THE ENEMY. BURN ALL PAPERS AND BOOKS.

MEANS:

5.

1. Explosives, when provided. o

9. Hammers, axes, sledges or whatever heavy object is readily available.
3.
4

. Grenades and shots from available arms,

Burning by means of incendiaries such as gasoline, oil, paper or wood.

Where possible, and when time permits, bury all debris or dispose of it in streams

or other bodies of water.

PROCEDURE:

L A

4.

Obliterate all identifying marks. Destroy naméplates and circuit labels.
Demolish all panels, castings, switch- and instrument-boards. '
Destroy all controls, switches, relays, connections and meters.

Rip out all wiring in electrical equipment. S_mash gas, oil and water cooling

systems in gas-engine generators, ete.

5.
6.
7.

Smash every electrical or mechanical part whether rotating, moving or fixed.
Break up all operating instruments such as keys, phones, microphones, ete.

Destroy all classes of carrying cases, straps, containers, ete.

(d)
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SAFETY NOTICE

WARNING

HIGH VOLTAGE is used in this equipment. It is dangerous to life. »Utmost caution

should be exercised by personnel. Only those familiar in working with high voltage should make

adjustments within the apparatus.

SAFETY INTERLOCK SWITCHES are provided, one on each door of the Power Cabi-
net and one on each pull-out rack in the other cabinets. However, these switches must NEVER be
depended upon to remove high voltage from any unit. They are jumpered with an “INTERLOCK”

switeh which can render them inoperative, tflerefore,

_ 'MAIN LINE SWITCH S201 should always be opened before any work is done within
the transmitter. This switch is in the front of the Power Cabinet. Access to it is gained by opening
the right door of that unit.

TUBES OR FREQUENCY RANGE should be changed only after the main line switch
is opened. '

GROUND the part to be adjusted, whenever possible, with a temporary connection; after
power is removed. Capacitors may retain a charge when power is turned off, if a bleeder resistor

should be open.

FIRST AID: It is desirable that all operating adjustments be made in the presence of

another person who can render, or quickly secure, first aid.

(e)
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SECTION I. DESCRIPTION OF EQUIPMENT
1. Summary of Characteristics.—

a. Power Rectifier PP-1/FRC.—
(1) Mechanical.—
Dimensions—6034” high x 24” deep x 27 9/16” wide,
Weight—660 1bs. '
(2) Electrical.— _
Voltage—220 a-c single phase.
Current—50 a maximum.

Frequency—50-60 cycles.

b. Dual Modulator Unit MD-1/FRC.—

(1) Mechanical.— ,
Dimensions—6034” high x 24” deep x 1214” wide.
Weight—475 1bs. . ' '

(2) Electrical (Each Channel) —

Response—Maximum variation 2 db from 200 to 4000 cycles .per second, 1000 cyéles per
second reference frequency.
Nominal Power Output-—300 watts. ‘
Harmonic Distortion at 300 Watts Output—10% maximum at 400 cycles per second.
Input Impedance———500 ohms. ' !
- Qutput Impedance—2300 and 4600 ohms.

Noise Level— —-40 db. 4

¢. High R-F Unit T-4/FRC.—

1)y M echanical.—

Dimensions—6034” high x 24”7 deep x 1214 wide.
Weight—315 Ibs.

(2) Electrical.—
Carrier Power Output—400 watts.
Output Impedance—Balanced 600 oh_ms.

. Frequency Range—2 to 18 me.

d. Low R-F Unit T-5/FRC—Less Tuning House.—
(1) Mechanical— -
Dimensions—6034” high x 24” deep x 1813” wide.

Weight—315 lbs.
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(2) Electrical.—
Power Output to Antenna—600 watts.
Output Impedance to Tuning House—500-600 ohms.
Frequency Range—150 to 550 ke.

e. Low Frequency Tuning House.—
(1) Mechanical.—
Dimensions—36” x 36” x 36” approximately.
Weight--100 lbs.

(2) Electrical.—
Input Impedance—500 to 600 ohms.
Tuning Range—150 to 550 ke with an antenna of 600 to 1000 mmf capacitance.

T léemote Control Assembly.—
‘(1) Mechanical.—
Dimensions—Each SA-2/FRC Switch Panel,l 314" high x 4” deep x 19” wide.
Each 0-2/FRC Oscillator, 314” high x 914” deep x 197 wide.
Each AM-2/FRC Amplifier, 314” high x 914” deep x 19”7 wide.
Weight—Each SA-2/FRC Switch Panel, 4 lbs., 15 oz. i
Each 0-2/FRC Oscil!;.tor, 15 lbs., 6 oz.
Each AM-2/FRC Amplifier, 16 Ibs., 4 oz.
(2) Electrical (Complete Assembly).~=
Input Voltage—110 a-c single phase.
Input ¥'requency—=50-60 cycles per second.

Input Power—550 watts maximum.

2. Vacuum Tube Complement.—
a. Power Rectifier PP-1/FRC.— i
Symbol Application Commercial Type U. S. Army Type

VT201 H. V. Rectifier 872A VT-42-A
VT202 H. V. Rectifier 872A VT-42-A
VT203 H. V. Rectifier . 872A VT-42-A
VT204 H. V. Rectifier 872A VT-42-A

b. Dual Modulator Unit MD-1/FRC.—
Modulator No. 1

VT101 1st Audio 6J5-GT/G VT-94-D
VT102 2nd Audio 6J5-GT/G “VT-94-D
VT103 2nd Audio 6J5-GT/G - VT-94-D



Symbol

VT104
VT106
VT106
VT107
VT108
VT109
VT110
VTi111

VT1i2
VT113
VT114
VT115
VT116
VT117
VT118
VT119

VTi120 -

VTi121
VT122

Application

Voitage Regulator
Voltage Regulator
Driver

Driver

Modulator
Modulator
Rectifier
Rectifier

Modulator No. 2

1st Audio

2nd Audio

2nd Audio
Voltage Regulator
Voltage Regulator
Driver

Driver
‘Modulator
Modulator
Rectifier
Rectifier

High R-F Unit T-4/FRC.—

VT1
VT2
VT3
VT4
VT5
VT6
VT7
VT3
VT9
VT10-
VTI11
VT12
VT13
VT14
VT16

Master Oscillator
I.P.A.

Keyer

Driver

Driver

Power Amplifier
Power Amplifier
Tone Amplifier
Tone Rectifier
Voltage Regulator
Voltage Regulator .
Bias Isolator
Rectifier

" Rectifier

Crystal Oscillator-Doubler

Low R-F Unit T-5/FRC.—

VT301
VT302
VT303
VT304
VT305
VT306
VT307
VT308

" Master Oscillator

I.P.A.

Keyer

Driver

Driver -

Power Amplifier
Power Amplifier -
Power Amplifier

Commercial Type ,

VR105/30
VR105/30
807
807
810

810 '

866/866A
866/866A

6J5-GT/G
6J6-GT/G
6J5-GT/G
VR105/30
VR105/30
807

807

810

810
866/866A
866/866A

. 8V6-GT/G.

807

807

807

807

810

810
6V6-GT/G
5Y3-GT/G
VR/105/30
VR/105/30
5Y3-GT/G
866/866A
866/866A
6V6-GT/G

6V6-GT/G
807

. 807

807
807
810
810
810

T™ 11-820
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U. S. Army Type

VT-200
VT-200
VT-100-A
VT-100-A

VT-46-A
VT-46-A

VT-94-D
VT-94-D
VT-94-D
VT-200
VT-200
VT-100-A
VT-100-A

VT-46-A
VT-46-A

VT-107-A
VT-IOO-A‘
VT-100-A
VT-100-A
VT-100-A

VT-107-A
VT-197-A
VT-200
VT-200
VT-197-A
VT-46-A
VT-46-A
VT-107-A

VT-107-A
VT-100-A

© VT-100-A

VT-100-A
VT-100-A

T~

[
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Symbol Application . - Commercial Type ' U. S. Army Type
VT309 Power Amplifier 810 ’ s
VT310 Crystal Oscillator-Doubler ‘ 6V6-GT/G - - VT-107-A
VT311 Tone Rectifier - _ 5Y3-GT/G . VT-197-A
VT312 Voltage Regulator : "VR105/30 ' VT-200
VT313 Voltage Regulator VR105/30 ' VT-200
VT314 Bias Isolator ot 5Y3-GT/G VT-197-A
VT315 Rectifier 866/866A VT-46-A
VT316 Rectifier o 866/866A VT-46-A
VT317 Tone Amplifier ' ~ 6V6-GT/G VT-107-A

VT318. Driver » - 807 VT-100-A

e. Oscillator O-2/FRC.— .
Tone Oscillator ,, - 6J5-GT/G VT-94-D

M Tone Amplifier 6J5-GT/G VT-94-D
Rectifier 5Y3-GT/G : VT-197-A

f. Amplifier AM-2/FRC.—

. Amplifier ’ 6J5-GT/G VT-94-D
 Rectifier ‘ 5Y3-GT/G VT-197-A

-

3. Purpose.,.—

Throughout this manual wherever the term “TRANSMITTER” is used, the reference
shall be to the assembly of units at the transmitting location, composed of one PP-1/FRC Power
Rectifier, one MD-1/FRC Dual Modulator, three or four T-4/FRC High R-F Units, and in some cases,
one T-5/FRC Low R-F Unit. These units will be treated as a group.

The term “REMOTE ASSEMBLY” shall refer to the assembly of units at the operating
location, composed of four SA-2/FRC Switch Panels, six 0-2/FRC Oscillators, and two AM-2/FRC
Amplifiers., The term “EQUIPMENT” shall refer to the combination of all equipment, local and
remote, furnished for each radio station by Aircraft Accessories Corporation.

The equipment is a multi-channel radio transmitter capable of CW telegraphy (Type

Al emission), MCW telegraphy (Type A2 emission), or radio telephony (Type A3 emission). Four

‘ channels may be operated simultaneously, one or two of them modulated with voice or tone, and the
i others on straight CW telegraph.

Each high r-f channel will operate on any frequency from 2 to 18 me, and each low r-f
channel from 150 to 550 ke. ' - '

The equipment is designed to be operated from the remote assembly, although in case
of emergency, the transmitter can be operated on CW telegraph or radio telephone through the uvse of
connections and controls on the transmitter itself,

I

A separate antenna must be used on each r-f channel.

Successful remote control operation can be maintained over as much as six miles of
No. 22 B&S gauge wire,
4. Mechanical Arrangement.—

a. Transmitter—All units of the transmitter are assembled in cabinets constructed of welded
angle steel covered with sheet steel skins.
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Al units of the transmitter stand adjacently to one another with the power cébinet in .
the approximate center. A central blower system in the power cabinet draws air into the power
cabinet through a filter and circulates it through air ducts to all other cabinets for cooling purposes.

Each r-f unit and dual modulator has its electrical components mounted on a pull-out
rack for easy access in servicing, changing frequency bands, and inspection. The power cabinet does
not have a pull-out rack. However, the components have been placed where they will be accessible

_for inspection and servicing. , -

Meters, indicator lamps, switches, output terminals, and door handles are recessed to
minimize breakage when the equipment is transported from one place to another.

Interconnection between cabinets is by means of special interconnecting cables running
through wire ducts at the base of the cabinets at the front. A cover plate at the base of each cabinet
gives access to the wire duect. . :

. . - E'Y )

b. Remote Assembly.—The remote control equipment consists of a number of small units, each
designed for mounting on a standard width relay track. These units are divided into four groups and
each group is installed in a separate rack to form four operating positions. Their installation is
described in Paragraph 22. ‘

5. Overall Elecirical Characteristics.—

-

a. Power Supply and Line Requirements.—The transmitter obtains all power from a 220-volt a-c
single phase power line, the frequency of which may vary over the range of 50 to 60 cycles per second.

(/\

The transmitter should not be left in prolonged operation on a power source whose
voltage varies more than 10% from 220 volts. '

Polarity need not be observed in connecting to the power source, as neither side of the
line is grounded within the transmitter.

. Approximately 8 kilowatts of input power are required to operate all channels at full
power output simultaneously.
b. High Frequency Range.—Each high r-f unit will operate on any frequency within the i‘ange
from 2 to 18 me. This range is covered by switching coils or coil taps at the proper intervals as
shown below:

Power Amplifier Stage

Coil No. Frequency Range
1540%.. ..o e 2000 - 2441 ke
1540 ... 2441 - 3516 ke
1541 e ecermeneeeennnen .. 3516- b5195ke -
b R L USSR 5195 - 7180 ke
B 157 S DUVt 7180 - 9230 ke
b 17 O SO 9230 - 11720 ke
1543........... eeeeiecomeeeeaeranssesneeesamtteeanaaannomesessanieesrannrnaran 11720 - 14850 ke
3 1 7. SRR 14850 - 18000 ke

*Ajr padder condensers C40 and C41 in circuit
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; Driver and I. P. A. Stages
Coil No. Frequency Range

1588 S R A LM i T AR 2000 . 2800 ke
1588 e e R R S S ey - 880 - A0 e
IEIE e Pl R LR e AR -~ TS e
1B8R L= = Rt e ST TS AT ke
1680, it AT O S e e o 11T80. 18000 ke

Crystal Oscillator-Doubler

Tap on S8 Frequency Range

R SR W L - T e 3800 Ie¢

Master Oscillator

TaponS1 Frequency Range

v 2000 - 2300 ke
e 2300 - 2800 ke
..... 2800 - 3500 ke

e 3500 - 4200 ke
..... 4200 - 5000 ke

.. 5000 - 6000 xe

D Tk 0O DI =

The power amplifier and driver stages always operate on the assigned frequency. The
I. P. A. stage acts as a frequency doubler or tripler from 6 to 18 me, and as a straight amplifier or
doubler from 2 to 6 me. The crystal oscillator-doubler stage when used as a erystal oscillator, operates
on the crystal fundamental frequency which is in the range of 2 to 6 me. The master oscillator stage
always operates at only half the frequency of the crystal which it replaces, or in the band 1 to 3 me.
The frequencies shown on the above chart are actually twice the frequency of the master oscillator
plate circuit, but are shown in terms of the crystal frequency which would be used for the same
transmitter output frequency.

¢. Low Frequency Range.—The low r-f unit will operate on any frequency within the range 150
to 550 ke, by setting coil taps as follows:

; P. A. Stage
Taps on L313 - Frequency Range

o T T N A SOV R M PRI B ke
Fand & e e sk 100 £ 360 ke
2 and 5250 - 375 ke
S and d S R R b= 590 ke

Driver and I. P. A. Stages £

Taps on L309 or L307 ; Frequency Range

T e e £ o SO e e S R T 150 - 195 ke
TR L N G 4 e e s | G
FLIE Y DRRIEATE v S S o ORI R SOk 0 n
2 and B sl e R e e i 365 - 590 ke
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Crystal Oscillator-Doubler

Tap on S303 - Frequency Range
1 e e eam e meeeanneeemeaeacecacimeaamanenn 600 - 350 ke
e e eeeeeeeemeeeeameeennemsenntennes 398 - 228 ke

8 e eeeeeeeeeeeneee e neranenen e 25T = 147 ke

Master Oscillator

" Tap on 8301 Frequency Range

L et et 161 -137 ke
et emnneas LA 140 -119 ke
B e em e anamnan s nernnann 122 - 104 ke
B oo s e e enenen 108 - 91.5 ke
B e en et e m e n et e temem e ana 96.5-82 ke
B et eeaa e n e s eane e 86 - 73.5 ke

If crystal control is used, all stages of the unit operate on the assigned frequency of the
channel, which is also the crystal frequency. '

If the master oscillator stage is used, it operates on half the assigned frequency of the
channel from 150 to 275 ke and on one-quarter frequency from 275 to 550. All other stages always
operate on the assigned frequency.

d. Power Output, H-F Unit—The CW carrier power is 500 watts into a balanced, non-inductive
load of 600 ohms. The carrier power on MCW and voice under the same condition is also 500 watts.
Output power on CW may be reduced by varying the output coupling. Reduction of power for MCW
or voice is not recommended because the underload relay will switch the modulator tubes out of service.

e. Power Output, L-F Unit—The CW carrier power is 800 to 1000 watts into a grounded, nqu-~
inductive load of 500 to 600 ohms. The carrier power on MCW and voice is the same. A

_ This unit working into the special antenna tuning unit designed for it will deliver
approximately 600 watts to a low frequency antenna.

f. Keying Speed.—Each radio frequency unit is keyed electronically by a vacuum tube. Therefore
keying speeds of 60 to 150 words per minute may be used. .

-

g. Modulation.—Plate modulation of the final radio frequency power amplifier is employed. Each
modulated channel may be modulated 100 per cent with low harmonic distortion.

h. Controls.—

(1) Power Rectifier PP-1/FRC.—The transmitter is provided with a set of controls to be
used for local operation.
The main line switch is mounted inside the cabinet. To reach it, open the right door.
The switch is mounted at the front of the cabinet about two feet from the base of the cabinet. This
switch should be left on at all times except when servicing the transmitter.

In the center of the front panel of this cabinet, seven toggle switches are arranged in
a vertical row. The upper five are channel selector switches and the lower two are filament and
plate power switches. 9,

Inside the left door, the “LOCAL-REMOTE” and “TUNE-OPERATE” toggle switches
are at the top of the relay panel. The two dials labelled “MODULATOR No. 1” and “MODULATOR

(
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“No. 2” are for the purpose of setting the two‘ modulators to whichever channels are to be modulated.
Further description of their operation will be found in Section II

(2) Dual Modulator MD-1/FRC.—The toggle switch labelled “STANDBY” may be used to
turn off all tube filaments in the dual modulator unit in the event the unit is not to be used for a
long period of time. : »

The toggle switch labelled “INTERLOCK” may be used to jumper the cabinet inter-
lock switch if the unit is to be operated or tested in the “pulled out” position.

Controls for operation of both modulators are grouped near the top of the pull-out
chassis; those for modulator No. 1 on the left and for modulator No. 2 on the right.

The jack on each side is to be used for connection of a microphone for local operation.

The “MICROPHONE-LOCAL-REMOTE"” toggle switch changes the audio input circuit
of each modulator for correct local or remote operation,

The “AUDIO GAIN” control may be used to regulate the gain for local operation.

(8) High R-F Unit T-4/FRC.—Tuning and neutralizing controls are arranged in a vertical
line in the center of the panel. Each control function is designated on the accompanying nameplate.
The “INTERLOCK” and “STANDBY” toggle switches at the base of the chassis serve the same
purpose for this unit as the corresponding switches for the dual modulator unit..

The “TEST” key moves from neutral position either up or down. It may be moved in
either direction with the same effect, the difference being that the “up” position is locking and the
“down” position non-locking. Since the center or neutral position of the “TEST” key is the electrical
“key up” position, it will be referred to in that manner in these instructions. Likewise, either the
“up” or “down” positions of the key are the electrical “key down” positions and will be referred to

in that way. . _
When operating remotely, the “TEST” key is always left in the center position.

(4) Low R-F Unit T-5/FRC.—Controls are the same as for the T-4/FRC.

(5) Switch Panel SA-2/FRC.—Each control panel contains key switches for opération of five
channels. However, only four can be operated simultaneously; the fifth channel will-be disconnected
at the transmitter.

(6) Oscillator O-2/FRC.—The tone oscillator permits the use of any one of three audio
frequencies for keying or modulating the transmitter. The frequencies are 400, 1000, and 1800 cycles
per second. Output can be adjusted to 6 db maximum, although it is set at the factory for 0 db..

(7) Amplifier AM-2/FRC.—This unit contains a one stage audio amplifier for a single button
" carbon microphone. Overall gain is approximately 30 db. The four-position switch labelled
“OPERATOR?” is used to set the amplifier for any of the four operating positions. It may then be
used only by the operator in that particular position.

6. Detailed Description of Power Rectifier PP-1/FRC.—

This unit houses the high voltage power supply (1600 volts) for the entire transmitter.
Four Type 872A tubes (U. S. Army Type VT-42-A) are used in a full-wave rectifying circuit, with
resistors properly placed to cause equal division of load between all tubes. Power transformer, tubes,
rectifier tube filament transformers, bleeder resistors, and main line switch are mounted on an angle
steel shelf two feet from the base of the cabinet. D-C output of the high voltage rectifiers is divided
into six branches and each branch is separately filtered. These six branches provide power for the
final power amplifiers of the four r-f channels, and for the plate circuits of the two modulator chan-
nels. The output of each branch is separately fused. Filter chokes and capacitors are divided into
two groups and mounted on chassis, which are fastened to the side framework of the cabinet near

the top.
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This unit also houses a central blower system for cooling the entire transmitter. Room
air is drawn in through the rear of the cabinet at mid-cabinet height, passes through a filter, is.
picked up by the blower intake and forced through air ducts to other cabinets of the transmitter.
There it is exhausted through the tops of the cabinets.

Since the intake air is drawn into the power cabinet near the power transformer and
rectifier tubes, it circulates around them, cooling them, before passing into the blower.

A The air duct runs at the base of the cabinets in the center, and is approximately
47 by 117 in cross section. Cover plates on the sides of each cabinet are removed at time of installa-
tion to provide a continuous passage for air,

: At the top front of the cabinet a relay and fuse board contains a central fusing system.
Al fuses for the entire transmitter are mounted on this board. The filament relay and channel relays
for five channels are also mounted on the same board, to provide accessibility for cleaning or adjust-
ing their contacts. On the top right side of the relay and fuse board, a system of high voltage plugs
allows connecting r-f channels to the desired high voltage sources. The five plugs in the top row are
the high voltage connections to the power amplifier plates of channels 1 through 5 reading from left
to right. The lower row of four plugs are four sources of separately filtered high voltage, the left
two unmodulated high voltage, and the right two modulated high voltage from the output of modu-
lators 1 and 2, left to right. Since there are only four sources of high voltage, only four channels
may be plugged in at one time; the fifth channel must be left disconnected. This plug board is used
in conjunction with the tap switches described in the next paragraph to set each channel for modu-
lated or unmodulated service. .

Inside the left cabinet door, on the relay and fuse board, the two tap-switches labelled
“MODULATOR No. 17 and “MODULATOR No. 2” are used in conjunction with the plug board as
described above to set each modulator on the desired r-f channel. The “TUNE-OPERATE” switch
on the same side of the relay and fuse board reduces power supply voltage for “tune-up” by switching
to an extended primary winding on the large power transformer, reducing the high voltage to half
value. The “LOCAL-REMOTE” switch connects the relay power supply to operate the channel and
filament relays only when switches at the local or remote position are used, in accordance with the
position of the “LOCAL-REMOTE” switch.

A relay power supply is included in this cabinet. Its function is to supply d-c power
for operation of the filament and channel relays. It is designed with ample reserve power to operate
stepping switches and other relays if auxiliary remote control equipment should be installed. The
power transformer is fastened to the inside top of the cabinet over the relay and fuse board, and the
selenium rectifier is mounted on the rear of the board.

Three panels cover the rear of the power cabinet. The top panel can be removed for
servicing the rear of the relay and fuse panel and the filter chassis. The center panel can be removed
for replacing the air filter or for servicing any of the mid-section components. The lower panel can
be removed for lubricating the blower and motor bearings and for access to the main plate contactor,
power and control lead sockets.

A four-terminal recessed socket on the rear of the power cabinet provides entrance for
the incoming power line. A multi-connection recessed socket is the terminus for wires to the remote
control position.

On the front of the power cabinet, a removable plate at the base gives access to the
wire duct and plug board. Interconnecting cables from all other cabinets plug into this plug board,
then run from unit to unit to their respective cabinets through the wire duct, where they are con-
cealed when the installation is completed.
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The plug board also contains a grounding stud and five bakelite high voltage connec-
tors. ‘These connectors are wired at installation through the interconnecting wire duct, one to each
similar connector on an r-f unit, and carry the high vqltage (1600 volts) to that unit.

A variable resistor for adjusting the meter accuracy is mounted inside the right door
near the main line switch. Its setting should not be altered in the field except as described in Para-
graph 27. . : '
Switches, lights, meter, door handles, and plugs are, all recessed to safeguard them
against breakage in transportation. )

A disc type thermostat in the top of the cabinet shuts down the transmitter if the
cabinet temperature becomes dangerously high, as might happen in case of failure of the forced air
cooling system. The thermostat operates at 170° F,

Two push-type interlock sthches are mounted on the center vertical panel of the cabi-
net, arranged to cut off high voltage if either door is opened

7. Detalled Description of Dual Modulator MD-1/FRC.—

Two complete audio channels are housed in this one cabinet. Each is completely inde-
pendent of the other, except they both use a common modulator current meter, switched from one to
the other with a wafer switch.

Most of the electrical components are mounted on a pull-out chassis. ‘ Exceptions are
the indicator lamps, meter, and interconnecting cable sockets.

A vertical partition on the pull-out chassis is the mounting base for most of the com-
ponents except power supply. Components for each channel are not all mounted on one side of the
partition, but “criss-cross’” from side to side.

A horizontal sub-chassis at the base of the pull-out chassis contains components of the
bias supply and 600-volt power supply for the driver and low power stages. Another chassis directly
above holds the output transformers for both channels. :

A push-type interlock switch is mounted near the base of the pull-out chassis and opens
the coil circuit to the plate contactor in the power cabinet when the chassis is in the pulled-out posi-
tion, unless jumpered by the “INTERLOCK” switch on the front panel of the modulator unit.

" This cabinet, like the power cabinet, has a removable plate near the base, in the front,
to allow access to the wire duct and plug board. The plug board contains the female portions of two
multi-connection plugs for connection of the interconnecting cables from the power cabinet. The
6-terminal plug carries all high voltage connections and the 12-terminal plug carries all low voltage
and control wiring from power cabinet to modulator cabinet. The board also carries a grounding stud
and two bakelite connectors to be used for microphone local connections as desribed in Paragraph 20.

The plug on the left is for modulator No. 1 and the other for modulator No. 2.
A disc type thermostat set in the top of the pull-out chassis shuts off power to the unit
if the cabinet temperature rises above 170° F.

The following electrical description is for one audio channel, but applies to either one.
In cases where component symbols are mentioned such as “T101 or T109,” the first mentioned belongs
to modulator No. 1 and the second to modulator No. 2.

If the transmitter is to be remotely controlled, switch S103 or S104 on the front panel
must be set to “MICROPHONE -REMOTE.” For local operation, the same switch must be set to
“MICROPHONE LOCAL” and a: mxcrophone plugged into J101 or J102 on the front panel. :

The mput ‘audio ‘stage is a 6J5-GT/G (U. S. Army Type VT-94-D) with a gain control
in the grid circuit. Each channel may be adjusted for level independently of the other channel. The

-7
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output of the first stage is resistance coupled to the second stage 6J5-GT/G tubes, VT102 or VT113.
A portion of the output voltage from this stage is fed back to 6J5-GT/G tubes, VT103 or VT114.
These tubes, VT102 and VT103 or VT1138 and VT114, are part of an audio phase inverting circuit to
drive the third or push-pull stage which uses 807 tubes (U. S. Army Type VT-100-A). Part of the
output from this push-pull stage is fed back into the cathode circuit of the preceding stage through
resistor-capacitor combinations. The purpose of the feedback is to reduce noise and second harmonic -
distortion in the output of the 807 stage. Output of the 807 or driver stage is transformer coupled to
the modulator stage, a pair of Type 810 tubes in a class B circuit.

Plate voltage for the 810 or modulator stage is obtained from the high voltage power
supply in the power cabinet. Plate and screen voltage for the other stages is supplied from a power
supply in the modulator unit itself. All voltage except that for the plates of the 807 driver stage is
regulated with a pair of VR105/30 tubes (U. S. Army Type VT-200).

Bias voltage to the output stage is furnished from a bias supply using a selenium rec-
tifier. A bias interlocking relay E101 or E102 operating on the bias supply removes plate voltage
from the low” power stages and filament voltage from the modulator tubes in case of failure of the
bias supply. All other stages except the modulator are self-biased with cathode resistors.

_ A rotary switch on the front panel switches the modulator current meter to either
modulator No. 1 or No. 2 and has a center off position. The meter itself has a 1-volt movement and
measures current by reading the voltage drop across a known resistance.

Panel lamps show which audio channels are in use; the lamp to the left indicating
channel 1 and the one on the right channel 2. The bulbs have a 110-volt rating and are used with a
fixed resistor in series across the 220 volt line.

8. Detailed Description of High R-F Unit T-4/FRC.—
The components for one high frequency channel are contained in each of these cabinets.

Construction is similar to that of the MD-1/FRC Dual Modulator Unit. Electrical parts
with the exception of meters, indicator lamp, and connecting plugs are on a pull-out chassis. A ver-
tical shield in the center of the chassis forms a mounting base for most of the parts or sub-chassis.
This shield also serves as an electrical shield between input and output circuits of the power amplifier
and driver stages, which have their input and output circuit components mounted on opposite sides of
the partition. ‘

. A disc-type thermostat set in the pull-out chassis near the top shuts down the 'chénnel
if the cabinet temperature exceeds 170° F.

A horizontal sub-chassis at the base of the pull-out chassis contains components of the
bias supply and 600-volt power supply for the driver and low power stages.

A push-type interlock switch is mounted near the base and at the rear of the pull-out
chassis, and opens the coil circuit to the plate contactor in the power cabinet when the chassis is in
the pulled-out position, unless jumpered by the “INTERLOCK” switch on the front panel of the unit.

This cabinet also has a removable plate near the base at the front which exposes the
wire duct and plug board. The plug board contains the female portion of a 12-terminal plug for
connection of the interconnecting cable from the power cabinet, which carries all low voltage power
and control wiring to the unit. A grounding stud and two bakelite connectors are also mounted on the
plug board. One connector carries high voltage fromethe power cabinet to the r-f unit, and the other .
is for connection to a corresponding connector on the modulator cabinet for local push-to-talk tele-
phone operation. These connections are described in Paragraph 20.

Tuning elements of the master oscillator and crystal‘ oscillator stages are enclosed in a
shield box to minimize fee;iback from the succeeding stages, which would affect the oscillator stability.

-

11



T™M 11-820
8

" A 6V6-GT/G tube (U. S. Army Type VT-107-A) is used as a self excited master oscilla-
tor in the first stage. Frequency range is from 1 to 3 mec in six bands.

. Output of the first stage is taken from its cathode circuit and applied to the grid circuit
of the second stage, which uses another 6V6-GT/G tube. When the master oscillator is used, the
second stage always operates as a frequency doubler, covering the range 2 to 6_mc in three bands.
When crystal control is used, this stage is the oscillator and the first stage is-idle.. The frequency
range is the same, 2 to 6 mc. Change from master oscillator to crystal operation is made with a
wafer switch on the vertical partition of the pull-out chassis. The knob is designated “M. O.-
CRYSTAL SWITCH” and is on the opposite side of the partition from the oscillator shield box.

The next stage is known as the I. P. A. (Intermediate Power Amphﬁer), and uses an
807 tube (U. S. Army Type VT-IOO-A)

The succeeding stages are blased so highly they wzll not operate untll sufficient excita-
tlon is supplied from the I.P. A. tube. A separate tube, another 807, is employed to key the I. P. A.
output for CW telegraph and push-to-talk carrier control. The keyer tube VT3 is connected in series
with I. P. A. tube VT2. When the keyer tube presents a low resistance for passage of I. P. A. current,
as it does during key-down intervals, I. P. A. output is normal and the succeeding stages are excited
to full output. -

The theory of operation of the keyer tube is as follows: Fixed bias is supplied to the
keyer tube from the dry rectifier bias supply. The plate-to-cathode impedance of the tube is directly
dependent on its control grid bias. Normally, the bias is high enough that the keyer tube resistance
cuts off the I. P. A. tube plate current. Pressing the key shorts the control grid bias, reducing the
keyer plate resistance to a few hundred ohms and allowing full output from the I. P. A.

Keying is done locally with a lever key on the front panel. The key shorts the keyer
tube bias; a resistance in series preventing the shorted current from reaching a high value. Keying
from the remote point is discussed in a later paragraph.

The plate circuit of the L. P. A. stage must always be tuned to the output frequency of
- the transmitter,

The next stage is referred to as the P. A. driver stage, and uses two type 807 tubes
(U. S. Army Type VT-100-A) in push-pull. The plate circuit must always be tuned to the output
frequency of the transmitter. -

The output stage of the r-f unit consists of two type 810 tubes in a push-pull class C
amplifier. The term P. A. (Power Amplifier) is generally used in referring to this stage. A standard
cross-neutralized circuit is used. Power for the antenna is taken from this stage by an adjustable
coupling coil in the center of the P. A. coil. ’

High voltage for the P. A, plate cxrcuxt comes from the power cabinet. Al other voltf-
ages are developed in the power supplies of the unit itself.

Tubes VT18 and VT14 are the rectifier tubes of a 600-volt power supply. - which
supphes plate and screen voltages for all low power stages. Tube types are 866/866A (U. S. Army
Type VT-46-A). ,

: Bias voltages for the I.P. A., keyer, P. A. driver, and P. A. tubes are furmshed by a
selemum rectifier power supply. Bias interlock relay EZ2, also operating on the bias supply, shuts
down the r-f channel if bias voltage should fail.

Combmatlon overload-underload relay E3 has its coil in the cathode circuit of the P. A.
tubes so the total plate and grid current of the tubes passes through it. The relay is so designed, that
when the P. A.-total current reaches approximately 300 ma, one set of contacts closes. If the r-f unit
has been set:for ‘modulated service, the closing: of the first set of contacts renders operative the modu-

-
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lator tubes associated with that channel. ‘When the total P. A. current reaches approximately 1 a,
the second set of contacts on the relay opens the circuit to the time delay relay in the power cabinet,
removing plate voltage from the P. A,

Rectifier tube V12, a Type 5Y3-GT/G (U. S. Army Type VT-197-A) is known as a bias
isolator tube. Its function is to prevent the bias voltage on the P. A. driver from rising above the
proper value when the P A. grid current is sufficient to drive the P. A. to full output.

When the transmitter is being controlled from the remote operating position, either CW
telegraph or push-to-talk telephone service, keying is done with audio tone signals over the intervening
telephone lines. In the r-f .unit, the tone signals are amplified by a 6V6-GT/G tube, VI8 (U. S. Army
Type VT-107-A) and changed to d-c pulses by rectifier tube VT9, a 5Y3-GT/G tube (U. S. Army Type
VT-197-A). The d-c pulses are then used to neutralize the d-c bias on the keyer tube, and thereby key
the transmitter. -

Two meters are used to monitor each r-f unit. The one on the left can be switched to
the cathode circuits of crystal oscillator, I. P. A,, and P. A. driver, and to the grid circuits of P.A.
driver and P. A. The meter on the right is in the cathode circuit of the P. A. Both meters are 1-volt
movement instruments and indicate current by reading the voltage drop across a known resistance.

The frequency range of 2 to 18 mc is covered by changing plug-in coils in the P. A,
P. A. driver, and I. P. A. stages, and changing coil taps on the master oscillator and crystal oscillator .
stages. For the lowest frequency band, padder condensers C40 and C41 must be lmked in parallel
w1th tuning condenser C22,

A carrying case is furnished with each r-f unit to accommodate plug in coils which are
not in use. Coils of the larger diameter are for the P. A. and the others can be used interchangeably
for either 1. P. A. or P. A. driver stages. Table 5 in Paragraph 52 shows which coil to use for any
frequeney.

The coil tap switches for the master oscillator and crystal oscillator are on the vertical
partition of the pull-out chassis, on the opposite side from the oscillator shield box.

9. Detailed Description of Low R-F Unit T-5/FRC.—
The components for one low frequency channel are contained in each of these cabinets.

Construction is similar to the MD-1/FRC Dual Modulator Unit. Electrical parts with
the exception of meters, indicator lamp, and connecting plugs are on a pull-out chassis.

A disc-type thermostat set in the pull-out chassis near the top shuts down the channel
if the cabinet temperature exceeds 170° F. ,

- A push-type interlock switch is mounted near the base and at the rear of the pull-out
chassis, and opens the coil circuit to the plate contactor in the power cabinet when the chassis is in
the pulled-out position, unless jumpered by the “INTERLOCK” switch on the front panel of the unit.

This cabinet also has a removable plate near the base of the cabinet front, which
exposes the wire duct and plug board. The plug board contains the female.portion of a 12-terminal
plug for connection of the interconnecting cable from the power cabinet, which carries the low voltage
and control wiring to the unit. A groundlng stud and two bakelite connectors are also mounted on
the plug board. One connector carries high voltage from the power cabinet to the r-f unit, and the
other is for connection to a corresponding connector on the modulator cabinet for local push-to-talk
operation. These connections are fully described in Paragraph 20.

Tuning elements of the master oscillator and crystal oscillator stages are enclosed in a
sheet metal box to minimize feed-back from the succeeding stages, which would affect the oscillator
stability.

13
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A horizontal sub-chassis at the base of the pull-out chassis contains components of the
600-volt power supply, bias supply, and tone keyer.

: Above the base chassis, on the right side when facing the front of the cabinet, is the
shielded oscillator unit. - . : , -

Directly above the oscillator, another horizontal sub chassis is the mounting base for
the components of the I. P. A. (Intermediate Power Amplifier) and the P. A. driver (Power Amplifier -
Driver) stages. A vertical shield separates the I. P. A. at the rear from the P. A. driver at the front.

The P. A. (Power Amplifier) is built on the top shelf.

A 6V6-GT/G tube (U. S. Army Type VT-107-A) is used as a self excited master oscilla-
tor in the first stage. Frequency range is from 73.5 to 161 ke in six bands.

Output of the master oscillator is taken from its cathode circuit and applied to the grid
circuit of the next stage, the crystal oscillator-doubler, which uses another 6V6-GT/G tube. When the
master oscillator is used, the second stage always operates as a frequency doubler. When crystal
control is used, the second stage operates as the oscillator and the first stage is idle. :

The crystal always operates on the output frequency of the transmitter. Change from
master oscillator to crystal control is made with a wafer switch inside the r-f unit. The knob is
designated “M. 0. CRYSTAL SWITCH,” and is on the opposite side of the vertical partition from the
oscillator shield box. :

The next stage is known as the I. P. A. (Intermediate Power Amplifier), and uses an
807 tube (U. S. Army Type VT-100-A). This stage is controlled with another 807 tube, the keyer
tube, for CW telegraph and push-to-talk telephone operation. The theory of the keying circuit is
explained in the description of the T-4/FRC Unit in Paragraph 8. The frequency range of the I. P. A,
is 150 to 550 ke in four bands. Variable inductance in the form of a variometer, and fixed mica
capacitors are used as tuning elements. Changing frequency range is done by changing taps on the
variometers in conjunction with linking in the proper mica capacitors. The L. P. A. always operates
on the output frequency of the transmitter. ' .

The next stage is referred to as the P. A. driver stage and uses three Type 807 tubes
(U. S. Army Type VT-100-A) in parallel. Suppression resistors are used to prevent spurious oscilla-
tion. The plate circuit of the P. A. driver must always be tuned to the output frequency of the trans-
mitter. Frequency range is from 150 to 550 kc in four bands. As in the I.P. A., variometers and
fixed capacitors are used in the tuned circuit, and frequency range is selected in the same manner.
The P.A. driver is biased beyond plate current cut-off, so there is no output from it until excited
from the L. P. A.

The output stage of the r-f unit consists of four type 810 tubes in parallel, in a class
C amplifier. The term P. A. (Power Amplifier) is generally used in referring to this stage. The
output circuit is a pi network designed to match the P. A. tubes to a 500- to 600-ochm load.

High voltage for the P. A. plate circuit comes from the power cabinet. All other'volt-
ages are developed in the power supplies of the unit itself. N
Tubes VT315 and VT316 are‘the rectifier tubes of a 600-volt power supply, which
supplies plate and screen voltages for all low power stages. The tube type is 866/866A (U. S. Army
Type VT-46-A). : . . ’ o
Bias voltages for the I. P. A, P. A. driver, and P. A. tubes are furnished by a selenium
rectifier power supply. Bias interlock relay E301 also operating on the bias supply, shuts down the
channel if bias voltage should fail. . ’ _ .
o Combination overload-underload relay E302 has its coil in the cathode circuit- of the
P. A. tubes, so the total plate and grid current of the stage flows through it. The relay is so designed
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that when the total current reaches approximately 500 ma, one set of contacts closes. If the r-f unit
has been set for modulated service, the closing of the first set of contacts renders operative the modu-
lator tube associated with that chanmel. When the total P. A. current reaches approximately 1500
ma, the second set of contacts on the relay opens the circuit to the tlme delay relay in the power
cabinet, removing plate voltage from the P. A,

Rectifier tube VT314, a Type 5Y3-GT/G (U. S. Army Type VT-197-A) is known as a
bias isolator tube. Its function is to prevent a reverse flow of current through the bias supply if the
P. A. grid circuit is over driven by the P. A. driver stage.

The meters in this unit serve the same function and are sw1tched in the same manner
as described for the high frequency unit in Paragraph 8.

The coil tap switches for the master oscillator and crystal oscillator are on the vertical
partition of the pull-out chassis, on the opposite side from the oscillator shield box.

10. Detailed Description of Antenna Tuning House.—

The tuning house, although built as a separate unit, is an integral part of the T-5/FRC
low r-f unit. The two units are designed to work together to supply an antenna of 5 to 10 ohms
radiation resistance and 600 to 1000 mmf capacitance with 600 watts of r-f power over the frequency
range of 150 to 550 ke.

The tuning house is constructed with lignolite over a wooden framework. The use of
ferrous metal is avoided to increase the efficiency of power transfer to the antenna.

A pair of outer doors cover the tumng dial and meter. Inner doors can be opened to
change the coil tap settings. The inner doors are lined with screening material to prevent body
capacity of the operator from affecting the tuning.

The electrical components consist of a large tuning coil, an r-f current meter, and a
meter shorting switch.

11. Detailed Description of Remote Control Equipment.—

The remote control equipment furnished with each transmitting equipment consists of
four type SA-2/FRC switch panels, six type O-2/FRC tone oscillators, and two type AM-2/FRC
amplifiers. This equipment, at the time of installation, will be divided into four groups and each
group installed in one operating position. Therefore, four operators may operate the transmitter
simultaneously on individual channels.

Each operating position will have one switch panel for controlling filament and channel
relays at the transmitter, and one oscillator to generate an audio tone for keying whichever channel
is selected with the switch panel. The remaining tone oscillators and amplifiers are paired off, one
oscillator and one amplifier together. These groups will be placed one in operator No. 1 position and
the other in operator No. 2 position. The amplifier installed in operator No. 1 position is the line
amplifier for modulator No. 1 at the transmitter, and its associated tone oscillator supplies tone when
MCW is used. The other amplifier and tone oscillator are used for modulator No. 2 at the transmitter.

a. Switch Panel SA-2/FRC.—Component parts are on a standard relay rack panel, 197 x 314",
Each panel has six lever keys which function only in the downward or locking position. The first
key on the left, labelled “POWER,” closes filament relay E201 in the power cabinet of the transmitter
by completing to ground the return circuit to the relay. A red lamp above the lever key lights on all
four panels when any one or more of the four “POWER” keys is down. The remaining five keys on
each panel operate the channel relays in the power cabinet at the transmitter. When any of the five
keys is down on any panel, the corresponding indicator lamp shows on all four panels. The six pilot
lamps do not indicate positive operation of their relays at the transmitter, but act only as an indicator
to each operator as to which channels are in use.
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Since the transmitter will permit simultaneous operation of four channels only, four of
the five key switches only are active, the fifth channel being unplugged at the relay and fuse panel in
the transmitter. The fifth key will light its indicator lamp on the panel, however.

Two microphone jacks on the right side of the switch panel are wired in parallel on
all four switch panels and the two AM-2/FRC amplifiers; that is, the “MIC. MOD. 1” jack on the
four switch panels and the “MICROPHONE” jack of the AM-2/FRC amplifier associated with modu-
lator No. 1 at the transmitter are wired in parallel, and the “MIC. MOD. 2” jack on the switch panels
and the “MICROPHONE?” jack of the amplifier for modulator No. 2 are wired in parallel.

b. Amplifier AM-2/FRC.—The amplifiér is constructed on a standard relay rack panel 19” x 314"
and a chassis of smaller dimensions mounted on the rear of the panel with spacers. -

Electrically, the unit is a one stage pre-amplifier with self-contained power supply, for
a microphone or tone oscillator. ,

Headphones may be plugged into the “HEADPHONES” jack to monitor the audio
output. A microphone may be used in the “MICROPHONE?” jack or may be plugged into the appro-
priate jack on one of the switch panels. '

The tap switch labelled “OPERATOR” is used to set the amplifier for operation from
one of the four operating positions.

¢. Oscillator O-2/FRC.—The tone oscillator is similar in construction to the amplifier described
in Sub-Paragraph b above.

Electrically, the unit is an audio tone generator and amplifier with self-contained power
supply. A tap switch on the front panel permits the use of any one of three audio frequencies, 400,
1000, and 1800 cycles.

Output level is adjusted with a serewdriver from the front panel. Procedure is given
in Paragraph 31 for setting the gain to the proper level. ‘

The “KEY” jack is used for the CW telegraph key on the oscillators used for carrier
keying, and for the MCW key or automatic keyer plug on the oscillators used for modulating the
pre-amplifiers. ' '

The “POWER OFF-ON” switch serves only as a regular line switch on the oscillators
used for telegraph keying, but it serves an additional purpose on the oscillators used for tone modu-
lation. In the latter case, when the switch is “ON,” the microphone push-to-talk circuit does not break
the r-f carrier but clears the carrier from tone so it may be voice modulated.
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SECTION II. EMPLOYMENT

" 12. Factory Packing for Shipment.— _ )

7 Each unit of the equipment—the power cabinet, the dual modulator cabinet, the high
r-f cabinet, the low r-f cabinet, and the remote control assembly—is packed independently, with its
own set of spare parts and accessories. - Therefore, the equipment for a transmitting station can be
assembled with any combination of the separate units without breaking open the boxes in a warehouse
before shipment. ' . .

Each unit is packed in one, two, or three boxes, usually with the cabinet in one box
and the tubes and spare parts in another box. The contents of each box is indicated by means of
stenciling, such as “PP-1/FRC BOX 1 of 3" ete. :

13. Unpacking.—

Each box should be opened carefully and by means of the proper tools. Steel strapping
can be broken by prying up the band slightly with a claw hammer and then cutting it with tin snips.
The contents of most boxes can be removed by opening any one of the four sides with a nail puller,
or claw-hammer and wrecking bar. To open some of the boxes it may be necessary to remove &
second side. This can be determined whenever the equipment fails to come out easily after the removal
of a single side. It is important to remove the equipment from the box before taking off any wrap-
ping or packing material.

Carefully inspect each piece of equipment for shipping damage as soon as it is taken
out of its erate. If damage is discovered, report it at once to the proper authorities.

14. General Assembly Instructions.—

a. Transmitter—The transmitting equipment should be set up in a place where it will be well
prqtected from the weather and as close as possible to the radiating antenna system.

A floor space of approximately 9 x 314 feet is required with all doors closed.

: The cabinets must be placed so that there is at least two feet of space between the rear
of the cabinets and the wall, to allow room for air intake to the ventilating system, and to allow space
for personnel to remove rear panels and to lubricate blower bearings when necessary.

If the installation is to be permanent or semi-permanent, all cabinets should be bolted
to the floor through holes provided.in the base of each cabinet—two holes in each small cabinet and
four holes in the large power cabinet. In any event, all cabinets must be bolted together.

b. . Remote Control Equipment.—The control equipment consists of small units with 314x19 inch
panels. These units are to be separated into four groups and installed in four relay racks to provide
four operating positions as described later.

15. Installation of Power Rectifier PP-1/FRC.—

This unit is shipped in three boxes. Open Box 1, containing the cabinet. Remove the
cabinet from its packing crate, and leave it for the present well out from the wall, with plenty of
room in the rear. Remove masking tape, packing blocks, etc., from all components.

Open Box 2 containing a large power transformer. Be careful while removing the
packing crate, not to damage the porcelain insulators on each end of the transformer.
Remove all three rear panels from the cabinet and pull out the large air filter.

. The transformer is to be mounted on the shelf exposed by removal of the air filter.
Before mounting the transformer, unscrew and remove the four mounting bolts which have been
placed in their holes for shipment. Untape and remove the small wiring cable and bus wire connection
fastened to the cabinet frame near the tube sockets.
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Lift the power transformer and placé it on the shelf. The primary end of the trans-
former, the one containing 7 terminals, must be put in first, so it will be at the front of the cabinet..
Slide the transformer in carefully so as not to damage the relay and fuse panel with the transformer
case screws. Do not attempt to lift the transformer by its terminal insulators. Fasten the transformer
in place with the four bolts previously removed. Make electrical connections at each end. '

At the front of the cabinet, transformer wires are broken out of the main wiring cable.
At the rear, use the small cable shipped with the transmitter to connect from transformer to rectifier
tubes as indicated by tags on the cable. Connect the bus wire jumper from transformer terminal
marked “0O” to the side frame of the cabinet.

Wires are tagged with symbols corresponding te the marking of the trémsformer ter-.
Jminals to which each is to connect. If the transformer is ever again removed for shipment or repair,
the wires should be re-tagged as they are taken off. ’

Lubricate the front and rear bearings of the blower and motor. The bearings are oiled
by filling the two oil cups on the blower and the two on the motor with heavy weight motor or
machine oil. : '

Move the cabinet into final position, leaving the rear panels removed. It will be placed
in the approximate center of the space reserved for the transmitter, other units then being added on
each side. Bolt or screw the cabinet to the floor if desired. No bolts for this purpose have been pro-
-vided, since each installation may require a different size or type.

Box 3 containing the instruction books has already been opened. This box also contains
three sets of tubes and one set of spare parts for the power cabinet, a 30-foot connecting cable with
plugs and terminal block attached, two insulated leads with alligator clips at each end, and a four-
connection power plug. :

An instruction book holder is provided on the inside of each power cabinet door. Place
the books in the holders. '

Install one set of tubes in the power cabinet and clip the plate leads to their caps. Put
‘the other two sets of tubes with the spare parts. ”

i

Lay aside the 30-foot cable, terminal blocks, clip leads, and 'power plug. Their use
will be described later. .

-

16. Installation of Dual Modulator MD-1/FRC.—

This unit is shipped in two boxes. Open Box 1 and remove the cabinet. Before placing
the cabinet in its final position, take off the rear panel and remove the four shipping bolts holding the
pull-out chassis to the cabinet. These bolts may be discarded or may be placed with the spare parts to
be used again if the transmitter is moved. After removing the four shipping bolts loosen both lower
brackets from the cabinet itself. Re-tighten these two brackets on the cabinet with their free ends
extending downward. This is done to avoid fraying the flexible cables as the units are rolled in and out.

: The modulator cabinet must be placed on the right side of the power cabinet and butting
up against it. Before moving the two cabinets close together, remove five cover plates from each
cabinet, two on each side at the bottom and one on the front at the bottom. The side cover plates will
not be used, therefore place the plates and screws with the spare parts for future use. The front cover
plates will be replaced after the installation is complete.

Move the modulator cabinet into position and bolt it to the power cabinet with the aid
of four binder head screws which will be found in a cloth bag fastened to the pull-out handle of the
modulator cabinet, whereas in the power cabinet the bag will be found tied to the frame near the
main line switch. Do not replace the rear panel until the entire installation is complete.

18



T™ 11-820
16-17

Open Box 2 and place one set of vacuum tubes in the modulator pull-out chassis.

The tube type required is plainly marked near each socket. Take out the other two sets
of tubes and the spare parts and store them in the proper place.

An interconnecting cable is shipped coiled up in the wire duct of the modulator. Take
this cable out, thread it through the duct to the power cabinet, and plug it into the multi-connection
socket marked “MOD” or J206. The two-connection plug removed from J206 must be placed with the
spare parts for future use. Plug the other end of the inter-connecting dable into the 12-connection
socket on the modulator plug board. The two 56-inch long single wire patch cords and the 17-inch
long ground strap also found in the wire duct should be left near the modulator for the present.

Another patch cable with armored covering will be found in Box 2 with the sparé parts.
Thread this cable through the wire duct and plug it in the sockets provided on modulator and power’
cabinets.

17. Installation of High R-F Unit T-4/FRC.—

Each T-4/FRC is shipped separately in two boxes. Setup instructions are given for
only one unit. Follow similar procedure for the gdditional units.

Open Box 1 and remove the cabinet. Take off the rear panel, the front plate, and two
duct cover plates on each side. Remove the four shipping bolts holding the pull-out chassis in the
cabinet. Save the shipping bolts for future use. After removing the four shipping bolts loosen both
lower brackets from the cabinet itself and re-tighten them with their free ends extending downward.

The first high frequency unit is designated “CHANNEL 1” and must be installed
adjacent to the power cabinet on the left side. Place the r-f cabinet in position and bolt the two
cabinets together with four of the binder head screws which will be found in a cloth bag fastened fo -
the pull-out handle of the r-f cabinet.

The interconnecting cables are shipped coiled up in the wire duct. Thread the multi-
wire patch cable through the wire duct into the power cabinet and plug it into the socket marked
“CH. 1.” The other end is to be plugged into the 12-connection socket on the r-f unit plug board.
The two shorted dummy plugs taken out of the power cabinet plug board must be laid aside with the
spare parts for future use. The slack in the cable can be folded into the wire duct.

A high voltage patch cord is also shipped with the r-f unit. Thread this wire through
the wire duct and fasten the connectors to the terminal marked “CH. 1” on the power cabinet board
and to the Millen connector on the r-f plug board.

CAUTION: THE WIRE MUST BE ATTACHED TO THE MILLEN CONNECTOR
WHICH IS MOUNTED ON BAKELITE, AND NOT TO THE ONE MARKED “MICROPHONE
LOCAL CONNECT.” . '

The 17-inch long ground strap, also found in the wire duet is to be set aside near the
r-f unit for use later on.

Open Box 2, which contains one set of spare parts, three sets of tubes and 1 set of
plug-in coils. The coils are in a carrying case. Open the case and put coils in the r-f unit for the
desired operating frequency in acgordance with Table 5, Paragraph 52. The large coils are for the
power amplifier stage and the smaller coils are for either the driver or 1. P. A. stages. Install one
set of tubes in the r-f unit according to the marking by each socket. Store the extra coils and the
spare parts. “

If two or more high r-f units are to be used install the second unit to the left of the
first r-f unit. It then will be known as Channel 2 and the Channel 2 sockets will be used for
inter-connection.
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If three or more high-r—f units are to be used, in-
stall the first two as above and the third one to the right of the
modulator. Use Channel 3 sockets for the last unit.

If four high r-f units are to be used, install the
first three as above, and the fourth on the left side of the power
cabinet. The arrangement will then always be as follows: Power
cabinet in the center, then modulator and Channel 3 in order to
the right, and Channels 1, 2, and 4 in order to the left of the power
cabinet, counting from right to left. The low r-f unit, if one is
used, will be placed on the right side of the power cabinet on the
end. Do not remove the side air and wire duct plates of the unit
on each outside end of the installation.

18. Imstallation of Low R-F Unit T-5/FRC.—

- Instructions in Paragraph 17 apply also to the
installation of this unit.

. Whenever there are less than four other channels
the low r-f unit must always be connected as Channel 5 and also
as a modulated channel because the unmodulated channel filter
packs do not have sufficient current carrying capacities. The
power cabinet wiring for Channel 5 circuits is heavier than for
the other circuits. The low r-f unit is placed on the right end of
the transmitter. In the event two low r-f channels are used
connect the second as Channel 4. Reference to Figure 1 will
clearly indicate the various channel setup combinations.

19. Installation of Antenna Tuning House.—

The Tuning House is designed to couple the output
of one low r-f channel into an antenna. High frequency antennas
are described in Paragraph 26.

The unit may be installed out of doors if neces-
sary, but should be afforded as much protection from the weather
as possible. The location may be close to the transmitter or up
to several hundred feet distant.

Run a 600-ohm transmission line between r-f unit
and Tuning House. Follow instructions given in Paragraph 21
for construction of the line. Be sure to keep the transmission
line up out of the way of accidental contact by personnel.

At the transmitter end, connect the two wires of
the line to the two terminals on the low r-f unit. Connect one r-f
unit output terminal to a good ground, preferably separate from
that used for any of the high r-f units or the cabinets. At the
Tuning House, connect the ungrounded wire to the small insulator
on the side of the Tuning House, and the grounded wire to the
ground stud on the underneath side of the Tuning House. Also
connect a good earth ground to the same ground stud. The earth
ground must be a good, low resistance connection if best results
are to be obtained.
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Run a connection from the antenna to the large insulator on top of the Tuning House.
High voltage is present on the antenna lead during normal operation and, therefore, great care must
be used to insulate the lead for 10,000 volts when it comes close to other Ob]ectb or passes through
a building wall. -

20. Assembly of Complete Transmitter.—~

All cabinets must be securely bolted together as described in the preceding sections.
In addition, each cabinet should be bolted to the floor, although this is not absolutely necessary if
the installation is likely to be a temporary one. Each small cabinet has two bolt holes in the base,
one in the front and one in the rear base angles. The larger power cabinet has two holes in front
and two in the rear. '

Strap ground connections from cabinet to cabinet. These straps are shipped one in
the wire duct of each cabinet except the power cabinet. Fasten the straps to the stud on the plug
board in the wire duct of each unit. *

A good earth connection must be made to the ground stud on the plug board of one
of the units. The ground connection must be separate from that used as a part of the radiating
system of any r-f unit, and as short and direct as possible. The conductor size should be equivalent
to No. 8 B&S or larger.

All 12-connection sockets on the plug board in the wire duct of the power cabinets
must either have r-f units plugged into them or the series interlock circuit terminals must be Jum-
pered by plugging shorted 2-connection plugs into the proper places. In the case of the five rf
channel sockets, one plug must be placed into the two end holes of each socket, shorting terminals
1 to 2 and 11 to 12. In the case of the 12-terminal modulator socket, only one plug is needed,
shorting terminals 11 and 12, the two terminals on the left end of the socket. The unused shorted
plugs should be stored with the spare parts so they can be used if any of the units should ever be
removed.

If at the time of installation it is definitely known which r-f channels are to be
modulated Tun one of the 56-inch long connecting wires through the wire duct from the terminal
marked “MICROPHONE-LOCAL CONNECT” on the wire duct plug board of one modulated r-f
channel to one of the terminals marked similarly on the wire duct plug board of the modulator cabi-
net. Connect to the left terminal if modulator No. 1 is to be used, and to the right one if modulator
No. 2 is to be used.

Run the other 56-inch long connecting wire from the other modulated r-f channel
to the remaining “MICROPHONE-LOCAL CONNECT” terminal on the modulator. The 56-inch
long connecting leads are shxpped in the wire duct of the modulator cabinet and were previously
laid aside.

The function of these two connections is to make possible the control of the carrier
of modulated Channel No. 1 or No. 2 from the push-to-talk switch when the microphone is plugged
into modulator No. 1 or No. 2 jack. They are required only for local operation and are not necessary
for remote control operation.

Bolt all rear panels on the transmitter.

Replace all front wire duct covers.
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Make sure the air duct cover is in place on each end of the installation. Install four
‘binder head screws through the assembly holes in both outside cabinet walls of the complete trans-
_ mitter in order to present a finished appearance. -

Remove protective cover plates from the meter and lamp panel of each cabinet. These
covers are sheet metal plates used to prevent breakage of the meters during shipment, and are
fastened at the top front to the cabinet. To remove the plates, loosen their holding screws a few
turns, slip the plates off, and re-tighten the screws. Retain the cover plates for use if the trans-
mitter is re-shipped. : .

o A 30-foot cable supplied with the transmitter and shipped in Box 3 of the power
cabinet, is to be used to plug in the rear of the power cabinet and provide a terminus for the tele-
. phone lines coming from the remote control location.

Install the 80-foot cable with the terminal block in a place where it will be easily
accessible for changing connections to terminals.

Connect the telephone lines to the terminal blocks in such a manner that the two
wires of Pair No. 1 will be on terminals 8 and 4. The other telephone pairs must be connected to
5and 6, 7 and 8, 9 and 10, 13 and 15, 16 and 17, and 2 and 14. One pair may later be moved to
terminals 11 and 12 if a low frequency r-f unit is used. '

Wire the 220-volt power line to the 4-connection female plug. Connect each side of
the line to two prongs in parallel on the plug. A visual inspection of the male socket on the rear of
the power cabinet will show which prongs to parallel. No polarity need be observed in connecting
the power line.

The r-f units are designed to work into approximately a 500-ohm load. Therefore,
some means must be provided for matching the output into an antenna. The two antennas described
in the next section have transmission lines connected to the antenna in such a manner as to properly
match impedances. These two antennas can be used only on a high r-f unit. A Tuning House is
furnished with each low r-f unit to match it to an antenna of certain characteristics as described

in Paragraph 10. - .
Each r-f unit must be connected to a separate antenna for simultaneous multi-channel
operation.

21. Antenna Installation.—

The antenna described in this section is easily constructed and will work well with the
transmitter.

Use only hard drawn copper wire or copper clad steel wire for the antenna. Soft
drawn copper wire will stretch after whipping around in a high wind, thus affecting the resonant
frequency. If only soft drawn wire is available, it can be hardened to some degree by stretching it
before cutting it to length. The best wire to use is No. 10 B&S gauge enamel covered wire.

Important features to have in mind when constructing an antenna are to have it
away from other large objects, especially metal, and to have it as high above the ground as possible
—up to a half wavelength.

In the description to follow frequent reference is made to a half wavelength. The
number of feet in a half wavelength is figured by dividing the frequency of the transmitter in
megacycles into 467.4.
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The “Y-Matched” Doublet Antenna resembles a single wire fed antenna, except in the
feeder system employed. It is to be used only on the output of a high frequency r-f unit.
7 . The doublet antenna consists of a “flat top” portion cuf‘ to an exact half-wavelength
.of the r-f unit output frequency. A 600-ohm open wire transmission line connects from the two
output terminals of the r-f unit to the center of the antenna

Physically, the transmission line should be identical throughout its length, except close
to the antenna as explained below. It should be constructed of two copper wires, enamel or tin
covered, spaced several inches apart. Spacer insulators should be used sparingly and be made of
good insulating material which will not absorb moisture. Lines up to several hundred feet long may
be used without serious loss. Space the wires as shown in the following table:

Wire Size Spacing Between
B&S Gauge ' Conductors (Inches)
8 914
10 ’ L T34,
12 o : 614
14 434"

The line should approach the center of the antenna as near to right angles with it as
possible, and when at a distance (in feet) calculated by the expression: “Distance = 147.6 divided
by transmitter output frequency in megacycles,” must fan out and each wire attach to the antenna
on opposite sides of center. The distance (in feet) from each end of the antenna to the nearest
feeder wire must be “175 divided by transmitter frequency in megacycles.”

22. Installation of Remote Control Equipment.—

All equipment for remote control of the transmitter is shipped in one box marked
“REMOTE-BOX 1 of 1.” Before installing the equipment at a distance from the transmitter it is
suggested, if possible, to make a temporary setup of the remote equipment in the same room with
the transmitter, to test for correct operation of all circuits.

The remote equipment consists of the following:

4—Type SA-2/FRC Switch Panels.

2—Type AM-2/FRC Amplifiers

6—Type 0-2/FRC Oscillators.

3—Microphones.

3—Sets of Tubes for each Amplifier.

3—Sets of Tubes for each Oscillator.

1—Set of spare parts for remote equipment .

4—Cabinet connecting cables for operator Positions 1, 2, 3, and 4.
8—Interconnecting cables for cabinet-to-cabinet connection.

a¢. General.—The equipment is designed to control the transmitter over a distance of not more

than six miles when No. 22 B&S gauge wire is used. If larger size conductors are used a greater
separation of transmitter and contrql equipment is permissible.
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The relay voltage supply transformer (T201) is set at the factory for a six-mile line -
of No. 22 B&S gauge wire. If experience proves that all relays will not operate a higher voltage tap
must be selected on the transformer. - -

Divide the equibment into four groups as described in detail later. Install these four
groups, each one in a separate relay rack cabinet, to form four operating positions. .

b. Operator No. 1 Position. ;-The first operating position is known as the master operating
position because it is the terminus for transmitter control lines, and the most favorable posmon
when only one operator is on duty. -

Select_ the following items for Position No. 1:

Switch Panel.

Oscillators.

Amplifier.

Cabinet Connecting Cable.
Z-Brackets and Mounting Hardware

DO = b DO

The properv cabinet connecting cable can be identified by the screw-type terminal
block attached to it. ’ ' : ‘

Mount the small chassis in Position No. 1 relay rack cabinet with the units arranged -
in the same order from top to bottom as shown in the remote control interconnecting schematic
diagram at the end of this book. The spacing between units must be similar to the spacing between
Jones plugs on the connecting cable.

Plug the Jones plugs into the sockets on the small units.

Fasten the screw-type terminal board and the 33-connection Jones socket in any
convenient place in the base of the cabinets. Use the Z-brackets furnished for mounting -the Jones
socket. '

Connection of 110-volt a-¢ power is described in Sub-Paragraph 22, g.
Connection of telephone lines is discussed in Paragraph 23.
¢. Operator No. 2 Position.—The second operating position requires exactly the same number of

units as the first position. The connecting cable for this position is similar to that for position No. 1
except that it contains two 33-connection Jones sockets and no screw-type terminal board.

Install the units in the same relationship to each other as those in Position No. 1.

Fasten the two 33-connection Jones sockets in any convenient place in the base of
the cabinet. .
The rack must be moved to a location not more than eight fee_t from Position No. 1.

d. Operator No. 8 Pogition.—Select for Position No. 3 the following:

1 Switch Panel.

1 Oscillator.

1 Cabinet Connecting Cable.

4 Z-Brackets and Mounting Hardware,

The cabinet connecting cable can be identified by the fact that it has two 33-connection
Jones sockets attached to it.

' Install the switch panel in the rack at approximately the same height from the floor
as the switch panels in Position No. 1 and No. 2. Install the oscillator above the switch panel and
close to it.
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Mount the two 33-connection sockets anywhere in the base of the rack, using the
Z-brackets furnished.

. The distance between this position and operating Position No. 2 must not exceed
eight feet. B ‘

e. Operation No. 4 Position.—The fourth position requires equipment similar to No. 3 position, -
and is assembled in the same manner. There will be only one 33-connection socket and it may be
piaced in the cabinet base in any position.

'Distance between No. 3 and No. 4 Positions must not exceed eight feet.

f. Interconnection of Operating Positions.—Three 10-foot cables are furnished with each set of
remote control equipment. Use these cables to interconnect the four operating positions. Plug into
the 33-connection sockets in the base of each posxtlon The three cables are interchangeable one
with any other.

g. .110-Volt Power Connections.—Each of the 12 units’ which make up the four oporating posi-
tions has a two-connection socket for entry of 110-volt power to the unit. When all units have been
interconnected as described in Paragraph 22, Sub-Paragraphs a to f, the 110-volt circuits of all 12
units are in parallel. Therefore, any one of the 12 sockets may be used for power connection by
unplugging the female half of the socket, connecting the power wires to it, and re-plugging it. The
female portions are furnished with all sockets to be left as coverings over the unused sockets. This
will prevent personnel from accidentally coming in contact with the 110-volt circuit.

CAUTION: DO NOT CONNECT 110-VOLT POWER TO MORE THAN ONE OF THE
RECEPTACLES FOR A SHORT CIRCUIT OF THE POWER SOURCE MAY OCCUR IF THE
POLARITY ON ALL RECEPTACLES IS NOT THE SAME.

23. Telephone Line Connections.—
The telephone line requirements of the equipment are as follows:

All wires must provide a direct path between transmitter and remote. Insertion of
line-to-line transformers, capacitors, or anythmg which breaks up the d-c path will prevent operation
of the system.

The equipment was designed to operate satisfactorily over any distance up to six
miles if the intervening conductors are No. 22 B&S gauge or larger. A greater separation of trans-
mitter and control position is possible through the use of larger wire. For example, a separation of
approximately 12 miles is possible by using No. 19 wire,

One pair of wires is required for operation of power circuits at the transmitter. Con-
nect these wires to terminals 2 and 14 on the telephone terminal block at both transmitter and
remote. Polarity must be observed in making these connections, as terminal 14 at each end is
grounded.

One pair of wires is required for each modulator channel or a total of two pairs.
Connect one pair to terminals 13 and 15 at each end, and the other pair to terminals 16 and 17.

The number of additional pairs of wire required depends upon the number of r-f
channels to be controlled, one pair for each channel with a maximum of four additional pairs. Since
only four channels may be operated simultaneously, only four pairs.of channel control wires are
needed even though five r-f units are installed at the transmitter. The terminals are:

3 and 4 to control Channel 1
5 and 6 to control Channel 2
7 and 8 to control Channel 3
9 and 10 to control Channel 4
11 and 12 to control Channel 5

25



T™ 11-820
23-25

. The four pairs of telephone wires will be installed on four of the above pairs of
terminals and the installation must conform with the setting of the plug board as described in
Paragraph 26, and with the wafer switch settings also described in the same paragraph. One of '
the above pairs of terminals will be unconnected at each end. The unconnected pair will be the
channel control circuit for the same channel which is unplugged at the plug board.

NOTICE: When one channel is taken out of service by changing the plug board at
the transmitter, and is replaced by a previously unused channel, the telephone lines must be shifted
on their terminal boards at both transmitter and remote

Be sure the telephone lines are connected identically at transmitter and remote.
Polarity of the lines need not be observed except on the one line to the power circuits, the one on
terminals 2 and 14.

Connect a good earth ground to terminal 14 on the remote equipment telephone
terminal board.

24. Teletype Operation.—

Provision has been made for connection of external teletype circuits to the control
grid of the crystal oscillator-doubler tube in each r-f unit by means of a concentric line which
terminates on the wire duct plug board.

Use a 72-ohm concentric cable with a Signal Corps No. PL-259 plug connector to run
_into the transmitter and fasten to an S0-239 socket mounted on the wire duct plug board of the
unit to be teletype operated.

Leave the square cover off of ‘the wire duct at one end of the installation to provide
entry for the concentric cable from the teletype apparatus

When using teletype with any channel, the “M 0. -CRYSTAL SWITCH"” inside that
channel must be turned to the position marked “TEL.”

25. Preliminary Checks.—

Before plugging the power line into the power cabinet, carefully check the trans-
mitter to see that it is ready for operation. Check particularly the following:

(1) See that each tube is plugged into the correct socket and is pushed well down
in place.

(2) Check the fuse panel to make sure the rating of each fuse agrees with the
value given in Table 1, Paragraph 48.

{3) See that the blower and motor have been oiled.

(4) Check antenna connections for tightness. Each r-f unit must either be properly
connected to an antenna or have a non-inductive lodd resistance of 500 to 600 ohms connected to
its output terminals.

(5) If wire ducts are open, check all plug-in connections according to -the data
given in Paragraphs 15 to 20 inclusive. ‘

, {(6) Check plug-in coils in each high r-f unit to see that each coil is correct for the
assigned operating frequency. (See Table 5, Paragraph 52.) Set M.O. and Crystal Oscillator-
Doubler tap switches according to the table.

(7) If crystal control is to be used, see that a crystal of the correct frequency is
plugged into the crystal socket, and the “M. O.-CRYSTAL SWITCH” is set to “CRYSTAL.”

26
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26. Relay and Fuse Panel Adjustments.—

The two rotary tap switches labelled “MOD. NO. 1” and “MOD. NO. 2” are used to
set each modulator channel filament and underload circuits for the desired r-f channel. For example,
if it is desired to set the r-f unit occupying Channel 1 position to be modulated by Modulator No. 2,
the rotary switch marked “MOD. NO. 2” must be rotated to “1” position. If only one modulator
- channel is to be used, the rotary switch for the other one should be set to “OFF.”

The plug board on the right side of the relay and fuse panel, must be set to corre-
spond with the tap switch settings deseribed in the previous paragraph. The five upper plugs
labelled “CHANNEL 1”7 to “CHANNEL 5” are the high voltage leads to the five r-f channels. The
four plugs underneath are four sources of high voltage from the power supply. The two unmodu-
lated r-f channels must be jumpered to the two sources labelled “UNMOD.” Either channel may be
plugged into either voltage source. The two modulated r-f channels must be plugged into the two
sources labelled “MOD. NO. 1”7 and “MOD. NO. 2.” The plugging of these last two channels must
correspond to the tap switch setting previously deseribed.

Four jumper connections are supplied with each transmitter. Since only four high
voltage connections are provided, only four channels may be connected at any one time.

27. High Voltage Meter Adjustment.— ~

The single meter at the top of the power cabinet indicates the voltage output of the high
voltage power supply. The meter circuit makes use of the power supply bleeder resistors, R203 and
R204, as series multiplier resistors for the meter. Since the values of these two resistors may vary
as much as 10 per cent from the correct value a variable resistor is provided shunting the meter with
which adjustments may be made to correct the scale reading. The meter adjusting resistor is located
in front of the main line switch in the power cabinet and is mounted underneath the transformer
shelf so its setting cannot be accidentally disturbed. Its setting can be changed with a screwdriver
inserted through the oil cup on the front of the shelf. _

The meter adjusting resistor has been accurately set at the factory for the original
bleeders supplied with the transmitter. If other bleeder resistors are substituted at any time, the
accuracy of the meter may be affected slightly, and the adjusting resistor may require readjustment.
This can be done by using an external high voltage voltmeter connected from the front end of the
bleeder resistor on the right side (when facing the front of the transmitter) to cabinet ground.
Unless some accurate means is available for readjusting the meter, the setting of the adjusting
resistor should never be changed.. ' ' :

28. High Voltage Time Delay Adjustment.—

A time delay relay is incorporated in the power supply circuit of the transmitter. Its
purpose is to prevent application of high voltage to the 872A rectifier tubes until their filaments
have become thoroughly heated.

The relay is mounted at the top of the relay and fuse chassis inside the left door of
the power cabinet. The timing delay can be varied from O to 60 seconds, when operating from a
50 cycle power line. If a 60 cycle power source is used, the dial graduations on the relay will not
be accurate, the maximum timing delay being about 50 seconds.

To change the timing of the relay, unscrew the knurled screw on the front of the
relay and pull off the plastic relay cover. Rotate the dial until the pointer indicates the desired
time delay.

29. Inverse Feedback Adjustment.—

Each of the two audio channels incorporates inverse feedback from the 807 driver
stage back to the preceding audio stage. The purpose of the eircuit is to reduce noise and distortion
in the output of the driver stage.
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The amount of inverse feedback can be controlled by a variable resistor, R117 for
Modulator 1 and R139 for Modulator 2. These resistors are fitted for screwdriver adjustment and
mounted near the top of the vertical shield of the modulator pull-out chassis. No attempt should be
made to readjust them from the factory setting unless equipment is available for observing audio
waveform and measuring harmonic distortion. ’

30. Tone Keyer Gain Adjustment.—

The tone keyer amplifier of each r-f unit has a screwdriver adjustable gain control,
mounted inside the pull-out chassis, left side, approximately 1 foot from the chassis base. The
control is on the small horizontal chassis which contains most of the components of the tone keyer

system.

This control must be adjusted after the transmitter and remote control operation i.s
established. Starting with the control in the extreme counter-clockwise - position, slowly rotate it
clockwise just until the r-f channel responds reliably to CW telegraph keying from the remote control
position. The keyer on each r-f channel must be individually adjusted.

To change the setting of this control, first use a wrench to loosen the locknut on the
shaft, then rotate the shaft with a small screwdriver.

31. Adjustment‘of Remote Control Equipment.—

Do not alter the “GAIN” control settings of the 0-2/FRC oscillators and AM-2/FRC
amplifiers unless necessary. All these controls have been pre-set at the factory for zero db output
level (6 milliwatts on a 500-ohm line).

As a general rule, all gain adjustments to compensate line loss are made at the
transmitter with the “AUDIO GAIN” dials on the modulator and the keyer gain screwdriver adjust-
ments on each r-f unit. In the case of extra long or high resistance control wires, if the audio level
is still too low even with “AUDIO GAIN” controls at maximum, the remote unit “GAIN” adjust-
ments must be raised. Increase the gain as little as possible to keep the input power to the lines
close to.zero level. : ) :

Never disturb the screwdriver adjustments in the top skirt of the chassis.

Asg voice power and waveform vary congiderably with individuals, it is permissible to
slightly re-adjust the “GAIN” setting of the amplifier units to compensate for operators with extra
loud or soft voices.

If it becomes necessary to readjust the gain or frequency settings of the oscillator
tones the following procedure is recommended:

1. Set the frequency selector switch at 400 cycles.
2. Set the front panel gain control R502 for maximum gain.

3. Adjust R501 for an output level of 6 db on a 500-ohm line (zero db' equals 6
milliwatts on a 500-ohm line). : .

4. Adjust the frequency to within plus or minus 5% of 400 cycles by selecting taps
on the plate circuit winding of transformer T501.

5. If output level has changed readjust R501 (see note 3 above)
6. Set the frequency selector switch at 1,000 cycles.
7. Adjust R506 for an ouiput level of 6 db. -

8. Adjust left hand section (when facing the front of the panel) of C502 until the
frequency is within plus or minus 5% of 1,000 cycles
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9. Readjust R506 for proper level, o
10. Set the frequency selector switch at 1800 cycles.
11. Adjust R507 for an output level of 6 db.

. 12. Adjust the right hand section of C502 for a frequency of 1300 cycles, plus or
minus 5%. ‘ -

13. Readjust R507 for proper level.
14. Adjust the gain control R502 for an output level of zero db.

A locknut holds each gain adjustment against accidental disturbance. When changing
the settings, first loosen the shaft locknut with a wrench, make the adjustment with a screwdriver,
then retighten the locknut. The remote units must be dismounted from the rack and the top chassis
skirt removed in order to reach the locknuts. On tone generators preceding Serial No. 433 and
microphone amplifiers preceding Serial No. 145 the top skirt is not removable but there is sufficient
space between the chassis and front panel to allow access to the shaft locks. If frequency changes
are required, tighten the locknut sufficiently to bind the shaft but not completely lock it. Then
adjustments can be made without loosening the shaft locks. ' .

32. Master Oscillator Frequency Setting.-—

When using the master oscillator, set the “MASTER 0SC. TUNE” dial according to
the tuning charts on the inside of the cabinet doors. Each oscillator is individually calibrated at the
factory and a chart for each of the six bands is mounted in a holder. '

The operator must not place too much reliance on the accuracy of the oscillator setting
unless it is checked with a frequency meter. The master oscillator is intended for emergency use,
in case of failure of or loss or damage to the crystal.

33. Changing Frequency Range—High R-F Unit.—

Table 5 in Paragraph 52 gives complete data for setting all adjustments and select-
ing the correct coil to use for any output frequency. Master oscillator and crystal oscillator bands
are shifted by tap switches mounted inside the r-f unit. L P.A., P.A. driver, and P. A. stages are
shifted to various ranges by changing plug-in coils.

When setting the r-f unit on any particular output frequency, look down the output
frequency column to find the group of frequencies in which the desired frequency is included. Then
read horizontally across the page for the proper tap switch settings and the proper plug-in coils
to use. '

The second column shows the range of frequencies in which the crystal frequency
should fall for any output frequency. In some cases the crystal frequency will be the same as the
output frequency, and in other cases it will be exactly half or exactly a third of the output frequency.

The last column “P.A. AIR PADDERS” refers to the two air di-electric fixed
capacitors, C40 and C41, mounted in the power amplifier stage. For the first two ranges, these
capacitors must be linked, one in parallel with each section of the “P. A. PLATE TUNE” capacitor.
For all other ranges, the two padders must be disconnected. A cap on a flexible shield braid lead is
provided to act as a link when required.

34. Changing Frequency Range—Low R-F Unit.—

Master oscillator and crystal oscillator stages are shifted from one range to another
with tap switches just as they are in the high r-f unit. Band changing in the I. P. A., P. A. driver,
and P. A. stages is done by changing taps on the variometer and also linking in the proper capacity
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value. Tables 2 and 3 show tap switch and coil tap settings. Use Table 2 if the self-excited master
oscillator is being used, and Table 3 for crystal control operation. Table 4 shows the amount of
capacity which must be used for each range of output frequencies. .

A sufficient number of links are supplied with each transmitter so that any combina-
tion of fixed capacitors can be linked into any stage. Capacity values are marked on each capacitor.

The I. P. A. plate circuit capacitors are located close to the I. P. A. tube and variometer
at the rear of the 1. P. A. and P. A. driver shelf.

The P. A. driver capacitors are on the same shelf closer to the front of the cabinet.
Two groups of capacitors are used in series. Each group has its capacitors mounted in a compact
group, one on the left and the other on the right side of center. Notice that the capacity values given
in Table 4 are for each of these groups.

The P. A. input capacitors are mounted in a group on the same shelf as the four 810
tubes. The four frequency changing capacitors are mounted directly to the shelf and the plate
blocking capacitors mounted on top of one of them. The three frequency changing capacitors are
the only ones to be switched when changing frequency range. The fourth, the one under the block--
ing capacitor, is 1000 mmf and must always be left in the circuit.

The P. A. output capacitors are mounted at the extreme top of the unit, underneath
the top of the pull-out chassis. :

35. Preliminary Tuning Procedure.—

Before connecting power to the transmitter, set all seven toggle switches on the power
cabinet and the main line switch to “OFF.” Rotate both “GAIN” controls on the modulator to the
extreme counter-clockwise position. Set the “TEST” keys of all r-f units to the center position. Set
the “LOCAL-REMOTE” switch to “LOCAL” and the “TUNE-OPERATE” switch to “TUNE.”

Set “STANDBY” switches on all units to right hand or “ON” position, and “INTER-
LOCK” switches to right hand or “OFF” position. Roll all pull-out chassis into their cabinets.

36. Local Tune-Up—High R-F Channel.—
Plug the power line into the rear of the power cabinet.
Throw the main line switch to “ON.”

Turn the “FILAMENTS” switch “ON.” The relay E201 on the relay and fuse panel
will close, the 872-A rectifier tubes and the green indicator lamp on the power cabinet will light,
showing the filament power circuits are energized.

Allow time for the time delay relay to cycle then test for plate voltage by toggling the
“PLATE” switch to “ON.” The power cabinet doors must both be closed or the door interlock
switches held closed by hand and all roll-out chassis must be in their cabinets. If the plate voltage
circuits are working, the heavy plate contactor will be heard closing, the red indicator lamp will
light, the high voltage meter will indicate approximately 800 volts, and the blower will start. Feel
above each cabinet except power cabinet to be sure exhaust air is coming from each one, indicating
the air circulating system is functioning. Turn plate voltage “OFF” with the “PLATE” switch.

: With the power cabinet “FILAMENTS” switch “ON,” the “STANDBY” switch of
each r-f and modulator unit in the right hand position, and all power cabinet “CHANNEL” switches
“OFF,” observe the tube filaments in all units. All tubes except the Type 810’s should be lighted.
The VR105 tubes have no filaments, and therefore will be dead until the transmitter is operating.
If metal tubes are used, check their filament circuits by feeling the metal shell of each one after
power has been applied a few minutes. A tube which remains cold does not have its filament lighted.
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As the first channel to be tuned will usually be Channel 1, the following description
refers to Channel 1 relays, etc. The same description applies also to the other high r-f channels.

During the first tune-up of each r-f unit, it is gene'rally advisable to have the unit in
the pulled-out position, so that tube plates can be observed. After the original tune-up, however,
leave the unit in its cabinet when tuning any of the circuits. —

Pull Channel 1 r-f unit out of its cabinet while initial tuning is in process. Leave all
other units in their cabinets and the power cabinet doors closed in order to complete the plate volt-
age interlock circuit. In order to maintain continuity in the interlock circuit when Channel 1 or
any other unit is pulled out, change the “INTERLOCK” switch of that unit from the left to the
right position. Always, when returning a unit to its cabinet, turn the “INTERLQOCK” switch off,
that is, to the right position again.

Make temporary connections from the output terminals on Channel 1 pull-out chassxs
to the antenna connections on top of the cabinet. Use the two clip leads provided for this purpose
and shipped in box 3 of the power cabinet. s

Turn “ON” the “CHANNEL 1” switch on the power cabinet.

. Channel 1 filament relay E204 will close and the 810 tubes and indicator lamp on the
channel will light. )

The following description assumes that master oscillator and crystal band switches
have been set properly for the output frequency. The correct P. A, P. A. driver, and L P. A, plug-in
coils, and the correct tap switch settings are given in Table 5, Paragraph 52, for every output
frequency within the range of the hlgh r-f unit.

Use the graph included in the Supplementary Data of thls book, Figure 2, to set the -
“CRYSTAL 0OSC. DOUBLER TUNE” dial for the output frequency of the r-f unit. Notice that the
graph gives crystal frequency and not output frequency. Refer to Table 5 for the crystal frequency
for any output frequency. '

Set the r-f channel meter switch to “CRYSTAL OSC. DOUBLER PLATE MILLI-
AMPERES” and slightly readjust the crystal stage for center of resonance as indicated by minimum
reading of the “MILLIAMPERES” meter.

Set the “TEST” key to the upper or locking position.

Rotate the meter selector switch to “P.A. DRIVER GRID MILLIAMPERES," then
tune the “P. A. DRIVER GRID TUNE?” dial to maximum current, which should be at least 6 ma.

CAUTION: THE P.A. DRIVER STAGE MAY BE DRAWING EXCESSIVE PLATE
CURRENT WHEN ITS GRID CURRENT IS TUNED, THEREFORE, IMMEDIATELY TUNE THE
PLATE CIRCUIT TO RESONANCE AS DESCRIBED IN THE NEXT PARAGRAPH.

Rotate the meter switch to “P.A. GRID MILLIAMPERES,” and tune the “P.A.
DRIVER PLATE TUNE” dial to maximum current, which should be at least 100 ma. At this point,
re-check dial settings of all dials previously tuned, to maximum P. A. grid current. Be sure not to
disturb the setting of the master oscillator dial if that stage is being used.

Turn the “NEUTRALIZING” dial to 0.
With the meter switeh still set for “P. A. GRID MILLIAMPERES” make preliminary
neutralization of the power amplifier stage as follows:

Rotate the “P. A. PLATE TUNE” dial over the entire 180° of its travel, at the same
time observing the grid current of the stage on the meter. Adjust the “NEUTRALIZING” dial
until the grid current does not vary when the tuning dial is rotated throughout its range. When
this condition is obtained, the channel is sufficiently well neutralized so the plate circuit may be
tuned. .

31



T™ 11-820
36

" In the r-f unit, uncouple the antenna by rotating the P. A. coupling coil as far as
possible out of alignment with the main coil.

Close the “PLATE" switch on the power cabinet.

Tune the “P.A. PLATE TUNE"” dial to resonance as indicated by minimum current
on the “POWER AMP. PLATE” meter. .

Using a rod of good msulating material, slowly push the antenna coupling coil into
better alignment with the P. A. coil. Couple very slowly returning the “P.A. PLATE TUNING”
dial to resonance at frequent intervals. Load the P. A. stage until the plate current shows about
200 ma.

The r-f channel is now operating at approximately one-quarter power output.

Turn off “PLATE” voltage, remove the temporary antenna connections, and push the
r-f unit into its cabinet. De-tuning will occur when the unit is pushed in the cabinet, therefore,
re-check the tuning of all dials except “MASTER OSCILLATOR TUNE” and “NEUTRALIZE.”
Check particularly the “P. A. DRIVER GRID TUNE” dial,

CAUTION: ALWAYS TURN THE “INTERLOCK” SWITCH OFF, THAT IS, TO THE
RIGHT POSITION WHENEVER THE R-F UNIT IS IN THE CABINET. '

Change the “TUNE-OPERATE” switch to “OPERATE” and turn on plate voltage.

Check the power amplifier plate current of the r-f channel. Full power output occurs
at approximately 400 ma plate current. Adjust the antenna coupling coil, at the same time main-
taining resonance with the tuning dial until the power amplifier plate current reaches 400 ma.
When making these final adjustments on the antenna coupling, be SURE the “INTERLOCK” switch
is in the right position. Pull out the unit, slightly change the position of the coupling coil and return
the unit fo the cabinet to re-check the plate current and re-tune for resonance Repeat this procedure
until the unit is fully loaded.

In order to obtain good waveform for high speed keying, the r-f channel must be very
carefully neutralized. This is particularly true for the higher output frequencies. The preliminary
neutralization procedure as already described is satisfactory until the power amplifier stage is fully .
tuned and loaded into the antenna. Then, with normal voltage applied to all circuits, and with the
r-f unit in its cabinet, carefully neutralize the unit as follows:

Set the meter selector switch to “P.A. GRID MILLIAMPERES.” Now, the left
meter shows power amplifier grid current, and the right meter shows power amplifier plate current.
The object of the neutralizing procedure is to so adjust the “NEUTRALIZING” dial that the points
of minimum plate current and maximum grid current fall at EXACTLY the same place on the
“P.A. PLATE TUNE” dial. Set the tuning dial at the exact center of plate current dip, then slowly
detune a short distance on one side of resonance while observing the grid meter. The pointer of the
meter must never rise, even slightly, but should either remain motionless or gradually fall as the
stage is detuned from resonance. Again set the tuning dial for the center of the plate current dip
and repeat the same procedure on the other side of resonance. If a grid current rise is observed on
either side of resonance, change the neutralizing capacitor setting slightly and again test on either
-side of resonance. Repeat the procedure, changing the neutralizing capacitor a little at a time until
perfect neutralization is attained. “

Lock all dials and record their settings when tuning is complete.

. Place the “TEST” key in neutral position and turn “OFF” the “CHANNEL 1” switch
before attempting to tune-up the second channel.

When the first channel is properly tuned and neutralized, return the “TUNE---

OPERATE” switch to “TUNE” and repeat the procedure with the other r-f units.
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37. Local Tune-Up—Low R-F Channel.—

This channel, Channel 5, is tuned similarly to a high r-f unit, except the grid currents
to the P. A. Driver and P. A. stages will be approximately 18 ma and 225 ma respectively.

The graph in the rear of the book, Figure 6C, shows the approximate dial position of
the power amplifier stage when the stage is loaded to 1000 watts output. The unloaded dial posi-

tions will vary considerably from those shown on the graph. To avoid damaging power amplifier
tubes, have the “TUNE-OPERATE” switch in the “TUNE” position until antenna resonance is
found and the transmitter at least partially loaded. In addition, de-tune the “I. P. A. PLATE
TUNE” dial until the plate current meter of the power amplifier stage reads about 700 to 800 ma
when the power amplifier is tuned out of. resonance. '

Tuning the low r-f unit into an antenna is necessarily a cut-and-try process, since
dial setting on both power amplifier tuning and antenna tuning controls will vary unduly according
to antenna characteristics. Once the dial settings are determined for a certain frequency with a
given antenna, they should be recorded for future reference. The following instructions are general.

In the antenna tuning house, clip the transmission line connection 30 turns from the
bottom of the coil, and the antenna connection at the top of the coil.

Use the graph in Figure 6C and set the “P. A. PLATE TUNE” dial as close as possible
to the setting indicated on the graph for the output frequency being used. As mentioned before,
this dial setting approximates the correct setting when the transmitter is fully loaded, but the power
amplifier will not be in resonance at this setting until it has been loaded. Leave the dials onthe
transmitter alone and make all adjustments at the Tuning House until at least a small reading is
obtained on the antenna ammeter. When there is an indication of antenna current then the trans-
mitter “P. A. PLATE TUNE” dial may be readjusted to resonance. _

Check to make sure the transmitter is set for “TUNE,” then turn on the “PLATE”
switch. Detune the “I. P. A. PLATE TUNE” dial as previously described. Be cautious when turning
on plate voltage because the power amplifier current may be excessive. A safe method is first to
detune the “I. P. A. PLATE TUNE?” dial about 10 or 15 dial divisions before turning on plate voltage,
then return the dial enough to obtain 700 to 800 ma out-of-resonance plate current in the power
amplifier,

The general idea in coupling the low r-f unit to the antenna is first to find resonance
in the antenna and then to increase or decrease loading to the desired power output.

The adjustments affecting antenna resonance are:

a. Position of the antenna clip on the antenna coil. Start with the entire coil in the
circuit, then clip the antenna down on the coil, turn by turn, until the proper amount of inductance
is found to resonate the antenna. '

b. Setting of the “TUNING” dial on the tuning house. The inductance of the antenna
coil can be varied slightly with the dial. However, the tuning circuit consists of a one turn shorted
link inside the coil and is designed only for fine adjustment between turns on the coil. Major adjust-
ment is clipping the antenna on at the nearest turn to the correct inductance.

The adjustment affecting antenna loading are:

a. Position of the transmission line clip on the éoil. Because of variations in indi-
vidual antennas, the exact setting of the tap must be determined by experiment. Start with the clip
on about the 30th turn from the bottom and move it downward until the desired loading is reached.

b. Setting of the “P. A. PLATE TUNING” dial on the transmitter. This dial must be
returned to resonance every time any change is made in any circuit at the Tuning House.

However, as described in previous paragraphs, the dial must be left at the graph
setting until there is an indication of antenna current.
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When the meter begins to indicate antenna current readjust the “P.A. PLATE
TUNE” dial to resonance as indicated by minimum plate current, then experiment with the antenna:
clipped on various, turns until the position is found giving maximum antenna current with the
“PUNING” dial as near mid-range as possible. Every time the antenna clip is changed, be sure to
return the power amplifier stage to resonance.

When the antenna clip has been set correctly, and the power amplifier set to resonance,
retune the “I. P. A. PLATE TUNE” dial for maximum power amplifier plate current, if such is not
excessive. Also keep a check on the antenna current meter during loading to see that it is not
overloaded.

Change the transmitter from “TUNE” to “OPERATE,” then load the power amplifier
to between 800 and 1000 watts output, by moving the transmission line tap down on the antenna
coil turn by turn. ’

CAUTION: NEVER ATTEMPT TO CHANGE TAPS ON THE ANTENNA COIL
UNLESS YOU ARE POSITIVE THE TRANSMITTER PLATE POWER IS TURNED OFF AND
WILL NOT BE ACCIDENTALLY TURNED ON WHILE YOU ARE MAKING ADJUSTMENTS.
EXTREMELY HIGH VOLTAGE CAPABLE OF DESTROYING HUMAN LIFE IS PRESENT ON
THE ANTENNA COIL WHEN IT IS TUNED TO RESONANCE.

Use the “POWER AMP. PLATE” meter to indicate loading. Compute power output
as described in Paragraph 38. The antenna ammeter reading is of no value unless the loading is
being done to a previously determined current value with the same antenna. Load the r-f unit to
about 800 or 1000 watts output. At this power output, the ordinary tower radiator will be radiating
- approximately 600 waitts,

Short the antenna ammeter with the knife switch when tuning is completed.

Use the method of neutralizing given in Paragraph 36 for a high frequency channel.
Generally speaking, the neutralization of the low r-f channel is not as critical as for a high r-f unit.

Lock all dials and record their settings when tuning is complete.

38. Computing Power Output.—

Measuring power output of an r-f channel is difficult and requires special measuring
instruments. The power output can be computed by the following means and will be accurate
enough for most purposes:

Have the channél completely tuned and loaded into the antenna.
Read the high voltage as shown on the power cabinet meter.

Compute the plate current of the power amplifier by taking the reading of the
“POWER AMP. PLATE” meter which actually reads combined plate and. grid current, and sub-
tracting the grid current as shown on the other meter with the meter switch in the “P. A. GRID
MILLIAMPERES” position.

Multiply plate voltage by computed plate current to find the d-c power input to the
final amplifier. .
Assume the channel is operating at 80% efficiency. .

Multiply the power input by 80% to find the approximate power output.

39. Modulator Testing.—

The following description assumes that the “MOD. NO. 1” and “MOD. NO. 2” tap
switches and the high voltage plug board on the relay and fuse panel have been set correctly as
previously described, and the modulated r-f channels have been tuned and loaded into their respective
antennas. ;
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~ Turn on the r-f channel to which modulator No. 1 is connected. . Put the “TEST”
key in center position. Filament and power circuits in the modulator channel will be energized
automatically at the same time, provided the “STANDBY"” switch on the modulator is in the right
hand position. :

" Turn the “METER SELECTOR SWITCH” on the modulator to “MODULATOR 1”
position. ‘

Plug a microphone into the left or modulator No. 1 “MICROPHONE"” jack. Use one
of the microphones furnished with the equipment or one which has the same push-to-talk switch
arrangement and plug polarity. : :

Set the “MICROPHONE-LOCAL-REMOTE” switch to “LOCAL.”

Press the microphone push-to-talk switch; and while talking into the microphone,
adjust the “AUDIO GAIN” control for modulator No. 1 until the modulator current meter rises to
approximately 250 ma on peaks. : ‘ ‘

For more accurate adjustment to 100% modulation, use an oscilloscope with built-in
sweep circuit. Use a coil of several turns of wire coupled to the r-f channel output coil for r-f
pickup. Attach the pickup coil directly to the vertical plates of the oscilloscope. Vary the coupling
to the r-f channel until a pattern of suitable height is obtained. Adjust the “GAIN” control until
the negative peaks, or volleys in the pattern, just touch the horizontal axis. ' : ‘

When the “AUDIO GAIN” setting for 100% modulation is found, record the dial
reading for future reference. The setting is correct for local operation only. When operating
remotely, the dial will probably have a different setting as explained in Paragraph 40. :

Similarly adjust the audio gain for modulator No. 2 with its associated r-f channel.

40. Remote Control Operation.—
Controls at the transmitter must be set as follows to permit remote control:
The “LOCAL-REMOTE” switch on relay and fuse panel set to “REMOTE.”
The main line switch 8201 turned “On.”
The “TUNE-OPERATE” switch set to “OPERATE.”
The “FILAMENTS"” switch on the power cabinet set to “OFF.”
The “PLATE” switch on the power cabinet set to “ON.”
All “CHANNEL” switches on the power cabinet set to “OFF.”

The “STANDBY” switches on all units which will be operated set to the right hand
position. . . ' -
The “INTERLOCK” switches on all units set to the right hand position.

All units pushed in their cabinets and power cabinet doors closed.
Power and telephone line connections made. '

The description given in this section assumes that all remote control equipment has
been interwired and connected to the transmitter as described in Section II.

Generally speaking, all channels at the transmitter can be controlled from any one of
the four operating positions. However, the exception to this is that each of the two channels to be
modulated is assigned as desired to a particular operating position and the equipment pre-set so
that the modulated channels can only be operated from their respective positions. The pre-setting
consists only of setting the “OPERATOR” switch on each of the two Type AM-2/FRC amplifiers
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to the position from which operation is desired. The amplifier mounted in Operator No. 1 position
is not for exclusive use of the No. 1 operator, but for the use of the operator designated by the -
setting of its “OPERATOR” switch. This unit is the line amplifier associated with modulator No. 1
at the transmitter. The amplifier mounted in operator No. 2 position is likewise for use by the
operator de31gnated by its tap switch setting. It is associated with modulator No. 2 at the
transmitter. - ‘ :

- Each of the two amplifiers ha_s an associated oscillator mounted adjacently to it in the
operating position. The oscillator supplies audio tone to the amplifier for MCW operation. The
amplifter itself amplifies both the voice currents from the microphone, and tone from the oscillator.

Two types of microphone push-to—talk operation are available. If MCW is being
used, the “POWER” switch of the particular MCW tone oscillator is “ON,” and the r-f carrier is on
steadily. Pressing the push-to-talk microphone switch does not disturb the carrier, but cuts off the
audio tone, leaving the carrier clear for voice modulation. If CW telegraph is being used, the MCW
tone oscillator is “OFF,” causing the microphone push-to-talk switch to control the r-f carrier, turning
it on when the switch is pressed. This allows break-in operation if desired.

The following description of the operation is for operator No. 1 position, but applies
also to the other three positions.

On the type 0-2/FRC CW keying oscillator, turn the “POWER” switch to “ON.” The
CW keying oscillator is the one mounted adjacently to the switch panel. This unit is used to send
audio tone signals to the keying circuits at the transmitter and is used for all types of emission, to
key the carrier for CW telegraph and to hold the carrxer on steadily for telephone and MCW

telegraph

If position No. 1 is one of the positions operating a modulated r-f channel the asso-
ciated AM-2/FRC amplifier must be turned “ON.” If combined MCW and telephone operation is
desired, also turn “ON” the type 0-2/FRC oscillator ad;acent to the amplifier. For straight tele-
phone or break-in telephone, leave the oscillator “OFF.”

To turn on the transmitter, push the “POWER” lever key on the switch panel to the
downward position. The red panel lamp will light -on all operating positions.

Push the “CHANNEL” lever key downward for the channel to be operated. The

corresponding panel lamp will light in all four operating positions but the channel itself will not
come on until the time delay relay has had time to cycle and apply plate voltage to the transmitter.

NOTE: If the transmitter is operating in a room where the temperature is below 0°
F., the remote “POWER” switch must be “ON” at least two minutes before any channel is turned
on. This permits the 866/866A tubes, which have no other time delay protection, to become well

he&ted. ~ :

For CW telegraph, plug a key into the “KEY” jack of the CW keying oscillator, the
one adjacent to the switch panel.

For telephone operation, plug a microphone into either the “MOD. NO. 1” or “MOD.

NO. 2” jack on the switch panel. Use only the jack which is associated with the modulator and r-f
channel for which the operating position has been designated.

For MCW operation, plug either a hand key or automatic keyer into the “KEY” jack .
of the oscillator adjacent to the amplifier. »

Close the telegraph key and have someone at the transmitter adjust the r-f unit keyer
gain control until the channel can be keyed satisfactorily. This procedure is described in Para-
graph 30. '
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Push the microphone switch and while talking into the microphone have someone at
the transmitter adjust the “AUDIO GAIN” for 100% modulation. The same method is used as
described for local operation in Paragraph 39. The setting should be recorded for use on remote
control operation.

“GAIN” controls on the Type 0-2/FRC oscillator and AM-2/FRC amplifier should not
be disturbed except as described in Paragraph 31

Follow the above procedure for the other three operator positions, preferably testing
and adjusting one r-f channel from each position, to check correct operation of all remote control
equipment. :

Several special types of operation are available for use if desired. One operator may
simultaneously key two or more r-f channels with the same key by pushing down “CHANNEL”
switches on the same switch panel-of all r-f channels he desires to key. Two or more operators may
key the same channel by pushing down the “CHANNEL” switch of the desired channel on each
operating position.

- ~ Unless the above special types of operation are desired, each operator must use care
not to push down any “CHANNEL” key switch if the corresponding panel lamp is lighted, which
indicates the channel is already in use by another operator. However, it is desirable for each
operator to have his “POWER” key down to avoid accidental power shut-down by another operator.

To prevent any operator from accidentally plugging a microphone into the wrong
jack, empty plugs or wooden plugs may be inserted into all jacks not to be used.

The automatic keyer, if one is in the installation may be used for keying both CW
telegraph and MCW, by plugging it into a CW keying oscillator, or an MCW oscillator respectively.
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SECTION IIIl. MAINTENANCE AND REPAIR

41. Periodic Inspections.—

Make a careful examination of the transmitter and remote control position at least
once a week, preferably immediately following a continuous run of several hours. '

Record all meter readings. In the case of the “MILLIAMPERES” meter on each
r-f cabinet, record the readings taken at every position of the “METER SELECTOR SWITCH,” and
on the modulator cabinet take readings for both positions of the “METER SELECTOR SWITCH.”
A comparison of these readings will show any sudden or gradual change in tube or operating con-
ditions. A decrease in a plate current reading may indicate loss of emission in a tube filament.
Tubes showing signs of failure should be replaced at once. :

Examine indicator lamps and replace those that have burned out. - .

Upon shutting down after a long period of continuous operation, pull out the modu-
lator and r-f pull-out chassis and carefully feel transformers and other major components for signs
of excessive heating. No components except tubes and ferrule type resistors should be too hot to

touch. '

Fill the two oil cups on the blower and the two on the motor with heavy weight
motor or machine oil.

If the transmitter is operated less than 85 hours per week, average, the blower need
not be oiled except at the bi-monthly inspections described as follows, '

42. Bi-Monthly Inspections.—

Every two months, the regular inspection should be more thorough and, in addition to
the items listed in the last section, should include the following:

a. Examine all relays—six on the relay and fuse panel in the power cabinet, two in each
r-f unit, one in each modulator cabinet, and one in each remote amplifier, for contact pitting and
tightness. Move the armature of each one by hand to make sure it is free. Remove slight irregulari-
ties of the contact surfaces with a burnigsher. Do not use a file or sandpaper. After burnishing,
clean the contacts with alcohol, carbon tetrachloride, or ethyl acetate. If the contacts are badly
pitted, replace them with spare contacts from the spare parts group. The contacts of the large plate
contactor E203 do not need servicing unless they wear completely away, then they must be replaced.

b. Clean the equipment. Dust the outside surfaces with a cloth. Remove grease or finger
marks with carbon tetrachloride on a clean cloth. Do not use soap or scouring powder. If the
equipment is installed in a location free from dust, the appearance of the cabinets can be enhanced
by applying a SMALL amount of furniture polish on a dry cloth to the outside wrinkle surfaces.

The interior of the cabinets can most easily be cleaned by blowing out with com-
pressed air. If the latter is not available, dust off the accumulated dirt with a dry cloth. A grease
solvent such as carbon tetrachloride may be used to clean off finger marks and grease if care is
used not to let the cleaner come in contact with the symbol stamping as it may be dissolved. Avoid
the use of carbon tetrachloride on any items containing rubber as it has a harmful effect on rubber.

¢. Clean the air filter as described in Paragraph 46.
d. Check adjustment of gain controls on all units as described in Paragraph 31.

e. Check blower fan belt and replace when it shows signs of wear.
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43. Table ¢f Routine Inspection and Service.—
a. Weekly.—

Record all meter readings.
Examine indicator lamps.
Check for signs of overheating.
Oil blower and motor.
b. Every two months.—
Examine relays for free movement.
Examine relay contacts for pitting and replace if necessary.
Clean transmitter and remote equipment.
Clean air filter.

Check adjustments.
Check blower fan belt.

44. Servicing Equipmént Required,—

The following equipment should be available on short notice for testing the trans-
mitter in case of breakdown.

a A Type 1-56-C Signal Corps test set for making current voltage, and resistance measure-
ments and for testing most of the tubes.

b. A tool kit including a 100-watt soldering iron, large, medium, and small screwdrivers, pliers,
- a set of small open end wrenches and a relay burnishing tool. The Allen wrench required on the
blower is in a small cloth bag attached to the blower. The tool kit should also include a supply of
heavy motor oil, a medium sized oil can, and a supply of carbon tetrachloride or ethyl acetate.

45. Methods of Testing Components.—

a. Fuses.—Open the main line switch, then remove fuses from their clips, one at a time, and
measure their resistance with an ohmmeter. All fuses must measure less than 25 ohms.

b. Capacitors—A capacitor must always have at least one of its terminals disconnected from
the circuit while being tested. Those which have broken down to provide a moderately low resistance
or dead short circuit can readily be detected by resistance measurement with the test set. Inter-
mittent capacitor failures can often be detected by connecting a high range voltmeter in series with
the capacitor and applying a suitable voltage, not to exceed the working voltage rating. If the volt-
meter does not return to zero, the capacitor is defective. Other checks of capacitor operation are
difficult with field equipment and it is usually advisable to substitute a new capacitor for the one
in question.

c. Inductors.—Trouble in a tuning coil is generally due either to an open circuit or to insulation
breakdown between turns. A careful visual inspection will often reveal it. An ohmmeter may be
used to detect an open circuit in a choke or tuning coil or a short circuit in a choke coil if it is
sensitive enough to indicate a resistance of only a few ohms. If the inductor is connected in a
circuit which provides a d-c shunt path around it, the inductor must have at least one terminal dis-
connected if a true indication is to be obtained. .

d. Resistors.—The resistance of a resistor may be checked with an ohmmeter and compared
with the value given in the parts list. It is advis@ble always to disconnect a resistor from the rest
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of the circuit while measuring its resistance, as it may have shunt paths around it which are easily
overlooked, but which affect the accuracy of the measurement.

e. Transformers—Each winding of a‘ power transformer may be tested for voltage and the
values compared with those given in the parts list. Audio transformers may be tested with an
ohmmeter to detect open or short circuits.

f. R-F Circuits.—Care should be used when measuring plate and grid voltages on an r-f unit.
Unless the test meter is suitably by-passed to prevent r-f current from entering and damaging it,
always measure d-¢ voltages at a point of zero r-f potential; that is, at the cold point on a coil
rather than directly on the plate or grid connection of the tube.

46. Servicing Procedure.—

a. Lubrication of Air Circulating Mechanism.—Use heavy weight motor or machine oil to
lubricate the blower and motor bearings. Open the power cabinet front doors and fill the front oil
cup on both blower and motor. Remove the lower rear panel of the power cabinet and fill the rear
_oil cup on each of the units. '

b. Cleaning of Air Filter—Take out the air filter by first removing the center rear panel
from the power cabinet, then pulling the filter out through the back of the cabinet. Wash the screen
by agitating it in hot water until the dirt is removed. If the screen is very dirty, washing soap
may be used in the water. Rinse and dry the filter thoroughly, then re-oil the screen by spraying with
light weight machine oil. Use oil sparingly and allow any excess to drain off. A small hand sprayer
is ideal for this job. However, if none is available sprinkle oil over the screen then allow the screen
to drain at least 4 hours before replacing in the transmitter.

c. Replacing Indicator Lamp Bulbs.—One type lamp bulb is used for all indicator lamps in both
transmitter and remote equipment. To replace a bulb, use a screwdriver to pry off the jewel from
the front of the panel, then unscrew the bulb.

d. Replacing Fuses.—Always open the main line switch before attempting to replace a fuse.
When replacing a blown fuse, check the rating on the fuse against the value given in Table 2,
Paragraph 48, :

e. Main Line Switch Re-Set.—The main line switch, $S201, is equipped with an internal ther-
" mal cut-out which opens the power line cireuit in case of a serious overload in the transmitter. After
the switech has opened by thermal action, move the switch lever as far as possible beyond the “OFF”
position, then return it to “ON.” ‘

f. Removing Pull-Out Chassis from Cabinet—Each of the pull-out chassis can be taken com-
pletely out of its cabinet for servicing. Procedure is as follows:

Roll the chassis out as far as possible.
Unplug flexible cables from pull-out chassis.

On each roller mechanism, lift the stop arm up over the stop bracket and push the
arm back into the main body of the mechanism. The stop arm and stop bracket ordinarily engage
each other to prevent the unit from being pulled out completely. When they have been disengaged,
roll the chassis out several inches further and then lift it free of the cabinet.

When replacing a unit in the cabinet push the stop arm back to its recessed position,
lift the unit and roll it approximately 6 inches into the cabinet. Then lift the stop arm up and over
in front of the stop bracket.

Because of the Weight of each unit, two men are usually required to take one out
of its cabinet.
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47. Checking Transmitter Failures.—

In the event of a breakdown, an experienced maintenance man will usually be re-
quired. However, the following checks may be quickly made by less experienced personnel:

a. Make certain that 220-volt power is still available from the power house.

b. Check to see whether any external connections such as antenna connections, power line, or
telephone line connections have become loosened or disconnected.

c. Unplug power from the power cabinet, then cautiously feel all components to detect signs of
overheating. o :

d. Check all fuses after the main line switch has been opened.

e. Pull out each rack and check the tubes. Make sure each tube is pushed well down in its
socket and see that all glass-type tubes are lighted. Cautiously feel all metal type tubes to see
whether they are warm.

f. Test all tubes suspected to be at fault or replace with ones known to be good.

g. Compare meter readings with those taken at the previous inspection period. A wide varia-
tion in any reading may indicate the source of trouble, possibly a faulty tube.

h. Examine relays for free movement of the armature.
i. Make sure r-f unit plug-in coils are firmly in place.

j. If the trouble is in an r-f unit, switch from crystal to master oscillator on the same fre-
quency, or vice versa. :

k. Remove covers from all wire ducts and check plug and jumper connections, making sure
each plug is pushed well into its socket and each jumper wire is making good connection.

\
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SECTION 1V. SUPPLEMENTARY DATA

48. Table 1—Transmitter Fuse Ratings and Operating Currents.—

Fuse Fuse \ Fuse -Fuse
~ Rating Current * Rating Current
Symbol (Amps) (Amps) N Symbol ‘(Amps) (Amps)
F201 60 35 - F211 2.5 23
F202 60 35 F212 . b 2.44.
F203 1 0.2 F213 1.6 0.9
F204 35 19 | - F214 1.6 - 0.9
F205 5 29 . F215 1.5 - 0.5
F206 1- *0.88 F216 1.5 0.5
F207 2.5 1.5 217 1.5 0.4
F208 _ 2.5 1.5 F218 15 0.4
F209 - 25 15 F219 1.5 0.8
F210 2.5 1.5 F220 1.5 0.8
49. Table 2—OQutput Frequency versus Coil Taps—T-5/FRC Low R-F Unit (Master Oscillator .
Operation).— ‘ :
Output M.0O. Crystal P.A.

Frequency Band Switch Band Switch LP.A. Driver P.A.
(Kilocycles) Tap No. Tap No. Tap No. Tap No. Tap No.
150-176 6 3 1-8 1-8 o 1-6
176-195 5 ¢ 3 1.8 1-8 1-6
195-216 4 3 2-7 : 2-7 1-5
216-240 3 3 2-7 C 247 1-5
240-255 2 3 2.7 2-T 1-5
255-266 2 2 3-6 ' 8-6 ‘2-5
266-300 1 2 3-6 3-6 » 2-6
300-350 6 3 3-6 3-6 _ 2-5
350-370 5 3 3-6 3-6 25
870-430 4 3 4-5 4-5 34
430-480 3 3 4-5 4.5 34
480-500 2 3 4-5 45 34
500-520 2 2 4-b : 4-5 34
-520-550 1 2 4.5 : 4-5 , 34

Use this table in conjunction with Table 4. See Paragraph 34 for explanation of the
above table. ’ '

50. Table 3—Output Frequency versus Coil Taps-—T-S/FRC Low R-F Unit (Crystal Control

Operation).— _ .
Output Crystal Crystal P.A.

Frequency Frequency Band Switch LP.A. Driver P.A.
(Kilocycles) (Kilocycles) Tap No. Tap No. Tap No. Tap No.
160-195 150-195 3 1-8 1.8 1-6
195-255 * 195-255 3 2-7 27 1.5
255-370 - 255-370 2 3-6 3-6 2-5
870-550 370-550 1 4-5 4.5 34

Use this table in conjunction with Table 4. See Paragraph 34 for explané,tion of
above table.

42



TM™ 11-820

51-52
51. Table 4—OQuiput Frequency versus Tank Capacity-~T-5/FRC Low R-F Unit.— )

Output P.A. Driver P.A.Input . P.A.Output
Frequency I.P.A. Plate each group Circuit Circuit
(Kilocycles) Circuit (mmf) (mmf) - (mmf) {(mmf)

150-195 2600 5200 2400 3600

195-265 2200 4400 1800 2600

255-370 1600 3200 1400 2000

370-550 1200 2400 1000 1400

Use this table in conjunction with Table 2 or 3. See Paragraph 34 for explanation of
above table.

52. Table 5—Output Frequency versus Coil Tap and Plug-In Coil Combinations—T-4/FRC High

~ R-F Unit—

Output Crystal or M.0.Band Crystal LP.A. P.A. "P.AS P.A.

Frequency M.O. Frequency Switch Band Switch  Coil Driver Coil Air
(Kiloeycles) (Kilocycles) Tap No. Tap No. No. Coil No. No. Padder
2000-2300 2000-2300 1 1 1585 <~ 1535 1540< IN

2300-2441 2300-2441 2 1 1535 1535 1540 IN
2441-2800 2441-2800 2 1 1535 1535 1540 ouT
2800-2850 2800-2850 3 2 1535 1535 1540 ouT
2850-3500 2850-3500 3 2 1536~ 1536 1540 ouT
[8500-3516 3500-3516 4 2 1536 1536 1540 - ouT
£°.2 3516-3800 3516-3800 4 2 1536 1536 1541 — OUT
T 3800—4200) 3800-4200 ¢ 3 1536 1536 1541 ouT
4200-4545 4200-4545 b 3 1536 1536 1541 ouT
4545-5000 4545-5000 5 3 1537 — 1537 1541 ouT
5000-5195 5000-5195 6 3 1537 1537 1541 ouT
5195-6000 5195-6000 6 3 1537 1537 1548 ~— OUT
6000-7000 3000-3500 3 2 1537 1537 1548 ouT
4s4rR[7000-7180 3500-3590 4 2 1537 1537 1548  OUT
7180-7573 _J 3590-3787 4 2 1537 1537 1549+ OUT
7573-7600 3787-3800 4 2 1538 ~ 1538 1549 ouT
7600-8400 3800-4200 4 3 1538 1538 1549 ouT
8400-9230 * 4200-4615 5 3 1538 1538 - 1549  OUT
9230-10,000 4615-5000 5 3 1538 1538 1542 ©  OUT
272 [10,000-11.7201 5000-5860 6 3 1538 1538 1542  OUT
11,720-12,000 5860-6000 6 3 1539 -~ 1539 1543 - OUT
12 000-12,600 5 4000-4200 4 3 1539 1539 1543 ouT
Y [12,600-14 85Q7 ‘.,‘{,"j, 4200-4950 5 3 1539 1539 1543  OUT
14,850-15,000.) ™TR 4950-5000 5 3 1539 1539 1544« ouT
15,000-18,000 5000-6000 6 3 1539 1539 1544 OoUuT

See Paragraph 33 for explanation of above table. .
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FIGURE 4. P. A. DRIVER PLATE DIAL SETTING—T-4/FRC
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SCHEMATIC DIAGRAM—SWITCH PANEL SA-2/FRC.

FIGURE 11.
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