. Original from
[ d b
e GODSIE UNIVERSITY OF CALIFORNIA



N Original from
D d b
S Google UNIVERSITY OF CALIFORNIA



TECHNICAL MANUAL} .*/ / war DEPARTMENT,

No. 11-273

™™ 11-273

T™M /o7

WASHINGTON, April 12,

RADIO SETS SCR-193-A,

SCR-193-B, SCR-193-C, SCB-193-D, and SCR-193-E

SectioN I. ‘General.

Frequency ranges________________________.
Channels_______________ el

Radio transmitters BC-191-A and BC-191-C,
and transmitter tuning units TU-5-A and

Radio receivers BC-312 and BC-312-C_____
Control box BC-321_______________________
Radio control box BC-309________________.
Dynamotor units BD-77-A and BD-77-B___
Mast sections MS—49 to MS-53, and mast

base MP-37_________ o _______

Covers BG-67, BG-75,BG-78, BG-79, BG-84,
and rolls BG-56, BG-56—A, and cabinet
CH-60________________ P

Vehicular accessories_ _____________________

II. Employment. .

296642°—41—1

Google

Limitations_______________________________
Installation_.____________________________.
Check and adjustments prior to operation . _ _
Operation in general . ____________________._
Transmitting ___________________________._
Receiving___________ ____________ . _______
Care and adjustments____________________._
Storage o _______

1
"1 M558662

1941.

=0 © W IR WN —~

[

12
13
14
15
16

17

18

19
20

21
22
23
24
25
26
27
28



TM 11-273
SIGNAL CORPS

UI. Detailed functioning of parts. Paragraph
Radio transmitters BC-191-A and BC-191-C,
and transmitter tuning units TU-5-A and

TU-6-A_ .. 29
Dynamotor units BD-77-A and BD-77-B__ 30
Radio receivers BC-312 and BC-312-C_____ 31
IV. Servicing and repair.
Servieing._ . - _ . ________. 32
Inspections_ . . __________________________ - 33
Lubrication_ _ - _ . ____ . ___ 34
Special adjustments to radio transmltters )
BC-191-A and BC-191-C_ . _ ____________ 35 .
Normal current, re31stance and voltage read-
INGS o oeo o _. 36
Procedure in case of set failure______________ 37
Locating trouble_ __ _______________________ 38
Repairs_ _ . 39
V. Lists of parts. :
Components, weights, and dimensions__._____ 40
Replaceable parts_______________________. 41
SectioN [
GENERAL Paragraph
Purpose. - - - e e ol o 1
PowWer. el -2
Modes of transmission and Teception. _ _ .. . _ o= AT
Distanceranges. _ .. ... ________________. e ‘4
Frequenecy ranges. . .. o .. 5
Channels_ - - _______ e 6
U8 o oo o oo e 7
T ranSpPOTt . e 8
SUPPYY - - - oo eeee 9
Weight and volume___ _ _ . __ _____ o _._. 10
Major components . __ . . oo e e 11
Radio transmitters BC-191-A and BC-191-C, and transmitter tuning units
TU-5-A and TU-6-A _ ____ . 12
Radio receivers BC-312,and BC-312-C__ __ ___ . .. ______.._ 13
Control box BC-321 _ _ _ _ __ e 14
Radio control box BC-309__ _ __ . 15
Dynamotor units BD-77-A and BD-77-B__________ o ea__. - 16
Mast sections MS—-49 to MS-53, and mast base MP-37_________________. 17
Case C8-48, and boxes BX-8, BX-19,and BX-21___ ____________________ 18
Covers BG-67, BG-75, BG-78, BG—-79, BG-84, and rolls BG-56, BG-56-A,
and cabinet CH-60_____ I 19
Vehicular accessories._ . _ - - - s e 20
2

Google



TM 11-273
RADIO SETS SCR—193-A, ETC. 1-4

1. Purpose.—Radio sets SCR-193-A, SCR-193-B, SCR-193-C,
SCR-193-D, and SCR-193-E are designed for installation in vehicles
for the purpose of providing intervehicular communication whether
the vehicles are stationary or moving. Modifications may appear
from time to time to adapt these radio sets to new types of vehicles,
- in which case suitable changes in this manual will be issued.

a. Radio sets SCR-193-A, SCR-193-B, SCR-193-C, SCR-193-D,
and SCR-193-E are designed for use in light tank M2A3, scout car
M3, combat car M1A1, scout car M3A1, and truck, %-ton, 4 x 4,
command (radio), respectively. These sets may also be installed in
other vehicles if a proper battery is available and if proper shielding
against ignition noises is provided. These radio sets have been
assigned different type numbers because of minor differences in
component parts necessary to effect suitable installations in the
particular vehicles concerned.

b. The information and instructions herein apply equally to all
radio sets.covered by this manual unless & particular one is specifically
referred to by type number.

2. Power.—a. Input.—The primary source of power required to
operate the transmitters and receivers of these sets is the 12-volt
vehicular storage battery (not a radio set component). For normal
storage battery current consumption of the receivers and transmitters
under various modes of operation, see paragraph 36.

b. Output—The transmitters have a nominal output rating of 75
watts.

8. Modes of transmission and reception.—These radio sets.
transmit and receive the following: :

-a@. Continuous-wave telegraph signals, abbreviated as “c. w.”

b. Tone-modulated, continuous-wave telegraph signals, abbre-
viated as ‘““‘tone.”’

¢. Voice-modulated, continuous-wave telephone signals, abbreviated
as ‘‘voice.”’

4. Distance ranges.—The distance between stations over which
communication may be established with these radio sets will vary
considerably; it will depend on the frequency and the mode of opera-
tion, and on topographic, atmospheric, and electrical conditions.
In general, approximate reliable ranges of these sets in miles are as
follows: .

Cw Tone Voice
Both stationary__ .. ______________________.___. 60 40 20
Bothmoving_ ____ ... ... .___ A 30 20 15
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b. Frequency ranges.—a. The receivers of these sets have a
frequency range of 1,500 to 18,000 kilocycles (ke.).

b. The transmitters have a frequency range of 1,500 to 4,500 kec.
When the component transmitter tuning unit TU—5—A is employed,
the frequency Tange is 1,500 to 3,000 kc. When transmitter tuning
unit TU-6-A is used, the frequency range is 3,000 to 4,500 ke.

6. Channels.—a. The frequency separation required between
stations operating in the same vicinity depends upon several variable
factors such as the—

(1) Distance between transmitting and receiving stations.

(2) Selectivity of the receivers with which the transmitter is likely
to interfere.

(3) Frequency and mode of transmission.

(4) Nature of terrain.

- b. In general, a separation equivalent to approximately one percent
of the highest frequency employed is practical. Approximately 75
channels with a 40 kc. separation are available, providing sets adjacent
in frequency are not closer than a few miles.

7. Use.—Radio sets SCR-193-A, SCR-193-B, SCR-193-C, SCR-
193-D, and SCR-193-E may be used in two-way net communication
with the same set or other types of transmitting radio sets listed in
the left-hand column of figure 1, provided all radio sets used are within
the maximum distance range of the least powerful set. Figure 1
shows the frequency bands of radio transmitters which are a com-
ponent of each of the listed sets and the bands of the other types of
radio sets which overlap them. Authorized frequencies which lie
within the overlapping bands may be selected for such communication.

8. Transport.—a. Each vehicle named in paragraph 1 is prepared
during manufacture with all the necessary mounting holes and many
of the fittings required for radio installation. The ignition system is
shielded, a 12-volt, 180-ampere-hour storage battery is installed, and a
50-ampere generator is employed in the vehicle to maintain the charge
of the battery. For information relative to the installation of these
sets, see paragraph 22.

b. All set components are designed for vehicular use. Suitable
shock mountings are provided to prevent damage from excessive
shock or vibration.

9. Supply.—These sets are not stocked as complete units but are
made up from component parts which are requisitioned, stored, and
issued separately. While the Signal Corps General Catalog is con-
trolling in regard to these component parts, they are indicated in this
manual for information.
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Fi1oure 1.—Transmitter frequency band of radio transmitters BC-191-A and BC-191-C.
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10. Weight and volume.—a. The approximate weights and
volumes for the assembled sets are as follows:

Radio sets Weight i’olume

Pounds Cubic feet

SCR-193-A_ .. ... 230 4.1
SCR-193-B.___ . ... 224 4.1
SCR-193-C_ .. ... 234 4.1
SCR-193-D. . _ ... 210 4.1
SCR-193-E____ . . ... 210 4.1

b. Dimensions and weights of components are given in detail in
paragraph 40.

11. Major components.—a. Radio set SCR-193-A.—This set is
designed for installation in light tank M2A3. The major components
of this radio set are—

(1) Radio transmitter BC-191-A.

(2) Transmitter tuning units TU-5-A and TU-6-A.

(3) Radio receiver BC-312.

(4) Control box BC-321. ,

(5) Mast sections MS—49 to MS-53, inclusive, and mast base
MP-37.

(6) Case CS48, and boxes BX-8, BX-19, and BX—21

(7) Covers BG-67, BG-75, BG-78, BG-79, and roll BG-56.

(8) Dynamotor unit BD-77-A.

(9) Junction box TM-188.

(10) -The terminal box.

b. Radio set SCR-193—-B.—This set is designed for installation in
scout car M3. It comprises the same major components as does the
radio set SCR-193-A except that it employs control box BC-309,
and does not employ ]unctlon box TM-188 and box BX-21. Other
minor differences are in the length of cords necessary to interconnect
the component parts properly.

¢. Radio set SCR-193-C.—This set is. designed for installation in
combat car M1Al. It comprises the same major components as
does radio set SCR-193-A, except that in addition it employs a
conduit CTH4, a connector bulkhead and spacers for the control box
BC-321.

d. Radio set SCR-193-D.—This set is designed for installation in
scout car M3A1. The major components of this set are—

(1) Radio transmitter BC-191-C.
(2) Radio receiver BC-312-C.

6
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(8) Dynamotor BD-77-B.

(4) Transmitter tuning unit TU—5—A and TU-6-A.

(5) Mast sections MS—49 to MS-53, inclusive, and mast base
MP-37.

(6) The terminal box.

(7) Covers BG-67, BG-75, BG-78, BG-79, BG-84, and roll
BG-56-A.

(8) Boxes BX-8, BX-19, BX-21, and case CS—48.
Items (1) to (3), inclusive, carry type numbers denoting a change
from similar components of radio sets SCR-193-A, SCR-193-B, and
SCR-193-C. However, changes in each of these major components
are minor in character.

e. Radio set SCR-193-E.—This set is designed for installation in a
truck, ¥%-ton 4 x 4, command (radio). It comprises the same major
components as does the radio set SCR-193-D, except that covers
BG-75, BG-78, BG-79, BG-84, and box BX-21 are not furnished, in
lieu ‘of which the major components are installed in cabinet CH—60
Other minor differences are in the length of cords necessary to inter-
connect the component parts.

12. Radio transmitters BC-191-A and BC-191-C, and trans-
mitter tuning units TU-6-A and TU-6-A.—The transmitter
elements (figs. 2, 3, and 4) are housed in a metal cabinet composed of
a metal front panel, metal top, sides, back, and bottom supported by
a metal frame. The transmitter includes a calibration chart, pilot,

“lamp LM-27, and shock mounting FT-151-B. Either transmitter
tuning unit may be plugged into a compartment in the left front part
of the transmitter so that the tuning unit front panel becomes a part
of the transmitter front panel. Extensions at the corners of the
bottom plate of the transmitter cabinet are provided for securing to
the mounting FT-151-B. Releasing the snap slides of this mounting
permits the cabinet to be lifted from the mounting. Releasing two
snap slide catches on the front of the cabinet permits removal of the
tube compartment shield and provides access to the transmitter tube
compartment. Removal of the tube compartment shield and the
transmitter top provides access to the filament resistor connection
board. Removal of the back plate permits access to other circuit
elements of the transmitter. The calibration chart is held in place in
the center of the transmitter tuning unit by a frame and four thumb-
screws. Access to the neutralizing capacitor adjustment mechanism
may be obtained by removing this chart. Four sockets are provided,
located centrally on the left side and along the bottom of the trans-
mitter to receive the sockets of necessary power and control cords.
(See figs. 12 and 15.) Covers are provided to protect unused sockets.
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b. Rolls.—Rolls BG-56 and BG-56-A are made of black canvas
duck and each holds two sets of five mast sections each in separate
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c. Cabinet OH—-60.—The cabinet CH—60 is 53% inches long, 29'¥,
inches high, and 11% inches deep and is divided by one vertical parti-
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The cabinet CH-60 has
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21. Limitations.—These sets have the usual limitations possessed
by any radio set of the same power, mobility, and frequency range.
The distance ranges (par. 4) and the channels (par. 6) must be con-
sidered approximations which are affected by many factors, the
majority of which cannot be controlled by the user of the set. Some
of the factors which are controllable are listed below and require the
attention of the user if the sets are to operate most effectively.

a. Distance range—(1) All other things being equal, distance
range is increased by—

(¢) Keeping the equipment in perfect condition through frequent
inspection and correction of all defects. For inspection procedure,
see paragraph 33. ‘

(b) Using c. w. in preference to tone, and either c¢. w. or tone in
preference to voice. '

(¢) Accurately tuning the transmitter and receiver.

(d) Avoiding all obstructions, either natural or man-made, parti-
cularly intervening eminences, such as tall metal structures, and
power, telephone, and telegraph lines. The type and contour of the
ground affect the range, and change of location to a more favorable
place may increase it.

(e) The use of a higher and longer antenna than that normally used
with the vehicle. A wire antenna longer than the standard mast
antenna, properly installed between the mast base and a tree or other
elevated object, will serve this purpose.

(2) In some situations where only very short distances are to be
covered, the range may be decreased and interference reduced by the
removal of one or two mast sections. ‘

b. Channels.—All other things being equal, the number of channels
available is increased by—

(1) The action indicated in a(1)(a), (b), and (c) above, particularly
that in (b).

(2) Assignment of frequencies as far apart as possuble to nets which
must be located close to each other on the ground.

20
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22. Installation.—a. Care.—Particular care must be observed
when unpacking or handling the equipment, because when not pro-
tected by cabinets or shock mountings it may be easily damaged.
Inspect equipment visually for damage when removing it from the
shipping box. If necessary, clean with brush or blower before
installation.

b. Instructions.—Detailed information relative to the installation of
these sets is found in installation instructions for the particular type
of vehicle concerned. The instructions are issued separately to using
organizations, and because of their volume and possible changes, will
not be covered in this manual. Figures 12, 13, 14, and 15 show the
external wiring and cording diagrams of the radio sets when installed.

¢. Minor installations.—Minor installations are made as indicated
in (1) and (2) below. All controls, knobs, switches, jacks, etc.,
identified by markings will hereafter be designated by such markings.
For instance, a 3-position switch on the front panel of the transmitter
has the marking TONE CW VOICE above the three possible positions
of the switch pointer; this switch will hereafter be designated the
TONE CW VOICE switch.

(1) Transmaitters BC-191-A and B(C-191-C.—(a) If necessary,
place a pilot lamp LM-27 in the socket behind the ruby reflector
located between the filament voltmeter and the total plate current
meter on the front panel. This is accomplished by removing the
transmitter tuning unit. ‘

(b) Remove the tube compartment shield and insert corresponding
vacuum tubes in sockets marked with the respective vacuum tube
Signal Corps type numbers.

(¢) Inspect the fuses located in the relay fuse box associated with
the dynamotor unit BD-77-A and BD-77-B. If necessary, replace
with fuses FU-22, FU-13, and FU-18 as the case may be, and as
indicated by the size of the fuse mounting.

(d) Remove the tuning unit TU-5-A er TU-6-A and inspect the
active fuse FU-12, located in the lower portion of the transmitter
BC-191-A or BC-191-C above the tuning unit compartment. See
that spare fuses are in place (fig. 4). ,

(¢) Connect a No. 14 A. W. G. insulated wire, using the minimum
possible length of wire, between binding posts marked LOAD-A and
LOAD-B. Connect the terminal posts marked CSPE and GND to
each other in the same manner. These binding posts are located on
the OUTPUT TERMINAL STRIP (fig. 2).

(2) Receivers BC-312 and BC-312-C.—(a) Insert two pilot lamps
LM-27 in sockets which are accessible upon removal of four thumb-
screws and the reflector secured thereby, from the front panel. The

21
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reflector is the fitting covering the main tuning dial directly above the
marking FREQUENCY. Replace the reflector after insertion of the
pilot lamps.

(b) The receiver is ordinarily furnished with tested vacuum tubes
installed. Do not remove or interchange these tubes unless they
apparently become defective. If necessary, disconnect the power
cord and insert tubes in sockets marked with the respective vacuum
tube Signal Corps type numbers. These sockets are accessible upon
removal of the front panel and chassis assembly from the cabinet with .
the exception of those in the CW OSCILLATOR and RF OSCILLA-
TOR compartments. The CW OSCILLATOR tube socket is acces-
sible upon removing the top front screw, removing a screw in the
center of the right side, loosening a screw at the bottom rear, and then
lifting off the compartment cover. The RF OSCILLATOR tube
socket is accessible upon loosening two screws at the top right side
and lifting the hinged cover of the compartment.

23. Check and adjustments prior to operation.

Caution.—OQOperation of this equipment involves the use of high
voltages which are dangerous to life. Operating personnel will observe
safety regulations at all times. Do not change fuses or make adjust-
ments inside equipment with the high-voltage supply on.

a. Check.—Make a detailed inspection of the installation and
equipment as prescribed in paragraph 33b and correct where necessary.

b. Adjustments prior to operation.—After making the above check,
adjust the filament voltages for the transmitter as follows:

(1) Remove plugs PL-59 (figs. 12, 13, 14, and 15) from the radio
transmitter and the dynamotor. These plugs and their intercon-
necting cord carry the high voltage supply from the dynamotor to the
transmitter. .

(2) Remove the front cover from the tube compartment.

(3) Place the AC DC switch in the rear of the tube compartment
in the DC position.

(4) Remove all links from the filament-resistor connection board
(see fig. 3).

(5) Place the 12V 14.2V switch in the tube compartment in the
14.2V position.

(6) On the transmitter front panel, set the TONE CW VOICE on
CW and the CW FIL MOD FIL switch on CW FIL.

(7) Start the.motor of the vehicle and accelerate until the vehicular
storage battery is on charge and the battery voltage rises to a steady
value.

(8) Place the transmitter OFF ON switch in the ON position.
This should start she dynamotor and apply filament voltage to the

22
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(11) Shut the motor of the vehicle off and place the 12V 14.2V
switch in the 12V position.

(12) Set the TONE CW VOICE switch on CW and the CW FIL
MOD FIL switch on CW FIL. -

(13) Place the transmitter OFF ON switch in the ON position,
and allow the battery voltage to fall to a steady value. The filament
voltage will now be found to be less than 10.5 volts. With a screw-
driver or a short piece of copper wire (No. 12 B&S or larger), starting
at the extreme right end of the CW FILAMENT row, successively
connect between a stud on the CW FILAMENT row the 12V row
directly under it, until a connection is found that causes the filament
voltmeter to read 10.5 volts. Place the OFF ON switch in the OFF
position, and connect the long link provided between the pair of studs
just located.

(14) Set the TONE CW VOICE switch on TONE and the CW
FIL MOD FIL switch on MOD FIL. Place the OFF ON switch
in the ON position.

(15) Starting with the left end of the MOD FILAMENT row, in
the manner indicated above, successively move to the right until a
pair of studs on the MOD FILAMENT row and the 12V row are
found that will cause the filament voltmeter to read 10.5 volts. Place
the OFF ON switch in the OFF position. Connect the long link
provided between the pair of studs just located.

(16) Place the 12V 14.2V switch in the 14.2V position. When
it 1s certain that the dynamotor has stopped, replace the tube compart-
ment shield and replace the plugs PL-59 in the dynamotor and
transmitter sockets. The filament voltage has now been adjusted
so that under actual operating conditions, the voltage at the tube
filament connections will be 10 volts under all conditions of operation.

c. Special adjustments.—When necessary, special adjustments are
made as prescribed in paragraph 35.

24. Operation in general.—a. Interference.—(1) Interference is
minimized by c. w. operation and by the use of the crystal filter.

(2) Power lines may contribute a source of interference, particu-
larly at the higher frequencies. Avoid operation in the vicinity of
power lines.

(3) A form of interference, called track static, may be generated
by track laying vehicles. Thls form of mterference must be cured at
the source. '

(4) A form of interference due to improper joining of metal parts
of the vehicle may be prevented by care in grounding the radio equip-
ment and carefully bonding together (connecting) all metal parts of
the vehicle.
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(5) In moving vehicles, vibration may cause the thermostats in
the receiver BC-312 to produce noise, in which case the heaters should
~ be turned off.

(6) The above forms of interference, and others which may be
noted after some experience, may usually be identified by their
characteristic noises. :

b. Net operation.—If net operation is prescribed, each set in the net
must be accurately tuned to the same frequency. Frequency adjust-
ment is best accomplished with the aid of a frequency meter. Tune
all sets within the same met under substantially the same conditions.
The position and the length of the antenna, the temperature, and the
battery terminal voltages must be fairly uniform. Avoid tuning in
the immediate vicinity of buildings and metal structures. If opera-
tion in transit is to be effected, tune sets with engines of the vehicles
running. Lock all transmitter controls after the net tuning operation.

¢. Methods of operation.—(1) Always operate the transmitter with
the antenna tuned. This is particularly important in net operation
in order to maintain the correct frequency. Tone transmission, being
broad, is well adapted to net operation, but produces more interfer-
ence to nearby radio sets than does c. w. transmission. Voice trans-
mission produces more interference than does tone transmission.

(2) For satisfactory net operation, and to insure that the receiver
stays on net frequency, turn the HEATERS OFF ON switch of radio
receiver BC-312 to the ON position for 15 to 30 minutes prior to
operation, and leave it in that position during operation.

(3) So that the receiver will not be too selective during stand-by
periods, turn the CRYSTAL PHASING control, which controls the
use of the crystal filter, to the OUT position.

d. Precautions.—(1) Controls.—OQObserve care in handling all of the
controls. Most of them are equipped with stops to limit their move-
ment. Forcing a control beyond its normal stop will seriously damage
the equipment. This caution applies particularly in the receiver to
controls marked VERNIER, CRYSTAL PHASING, and VOL.

(2) Serial numbers.—The serial numbers of transmitter tuning
units must be identical with the serial number of the transmitter
with which used. Do not interchange transmitter tuning units with
those of other transmitters. .

() Vacuum tubes.—A marked decrease in the life of the trans-
mitter vacuum tubes results from over or under voltage applied to the
filaments. Check the filament voltage frequently and adjust, if
necessary, as prescribed in paragraph 23.

(4) Band change.—In changing the frequency band of the receiver
it is possible to stop the BAND CHANGE switch between two
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settings. Turn this switch until it definitely engages the desired band.

(5) Receiver power cord.—Avoid undue pulling or stressing of this
cord. Disconnect the cord from the receiver before the receiver panel
and chassis assembly is removed from the cabinet. At no time apply
power to the receiver while the panel and chassis assembly is being
handled.

(6) SEND REC switch.—When the set is not being used durmg
actual transmission periods, place the SEND REC switch in the
REC position. If left in the SEND position, there is a small current
drain on the battery.

26. Transmitting.—a. Controls (figs. 2, 3, 5, 7, and 8).—Trans-
mission is accomplished or controlled by the following:

(1) Dynamotor unit BD-77-A (SCR-193-A, SCR-193-B, SCR-
193-C).

(2) Dynamotor unit BD-77-B (SCR-193-D, SCR-193-E).

(3) At control box BC-321 (SCR-193-A, SCR-193-B, SCR-193-C).

(a) OFF ON switch. \

() MICRO jack and microphone T-17 connected thereto for voice
transmission.

(¢) MICRO jack and key J—45 connected thereto for c. w. trans-
‘mission (SCR-193-B only).

(4) At radio control box BC-309 (SCR-193-B).

(@) OFF ON switch.

(0) KEY jack and key J—45 connected thereto for ¢. w. trans-
mission.

(5) On radio receiver BC-312, BC-312-C.

(¢) KEY and MICRO jacks and a key and microphone for c. w.
and tone, or voice, respectively, connected thereto.

)] SEND REC switch.

(¢) Cord F (see fig. 13) to conduct audlo frequencies through' the
circuits of the terminal box to control box BC-321.

(6) On radio transmitter BC-191-A, BC-191-C or connected to it.

(@) An antenna described in paragraph 17 connected to the ANT
binding post of the output terminal strip. This strip may be installed
as outlined in paragraph 12.

(b) A thermocouple type, 0 to 8 ampere, radio frequency ammeter
marked ANT CURRENT located in the upper right-hand corner of
the front panel. This meter indicates the current output of the
transmitter.

(¢) An antenna inductance tuning dial, marked ANT IND TUN-
ING, M, used for inductively tuning the antenna. It is located
immediately below the antenna current ammeter.

(d) An antenna circuit switch, marked ANT CIRCUIT SWITCH,
N, used to accomplish the antenna circuit changes required for tuning
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the transmitter into various types of antennas. It is located directly
below the antenna inductance tuning digl. '

(¢) An antenna capacity tuning dial, marked ANT CAP TUNING,
O, located immediately below the antenna circuit switch. This
control is used to adjust or tune a capacitor in the antenna circuit. It
is provided with a locking mechanism so that its final position may be
maintained.

(f) An antenna inductance switch, marked ANT IND SWITCH, P,
used for obtaining large variations in antenna inductive loading. This
switch is a 5-position switch, each position corresponding to a stop on
the inductance coil and is located in the lower right-hand corner of
the front panel.

(9) A filament voltmeter switch marked CW FIL and MOD FIL
located to the left of the antenna circuit switch. It is used to transfer
the voltmeter to either the modulator tube filaments or to the master
oscillator and power. amplifier filaments.

* (k) A transmitter OFF ON switch located to the left of the filament
voltmeter switch.

() A 0 to 15-volt a. c.—d. c. voltmeter marked FIL VOLTAGE
located to the left of the transmitter OFF ON switch. This meter
indicates the filament voltage of the modulator tubes, or master oscil-
lator and power amplifier, as controlled by the ﬁlament voltmeter
switch described in (g) above. ,

() A 0to 500 milliampere, direct current ammeter marked TOTAL
. PL CURRENT located to the left of the filament voltmeter. This
meter indicates the plate current drawn by the radio transmitter and
is used as a means for indicating resonance while tuning.

(k) A 3-position switch with a pointer for indicating TONE CW
VOICE positions, respectively. This switch is located to the left of
the plate current meter.

() A TEST KEY for keying the transmitter while tuning adjust-
ments are in progress. This key is located in the left center of the
transmitter.

(7) On transmitter tuning units TU-5-A and TU-6-A. ,

(@) A master oscillator band change switch located in the lower left-
hand corner of the transmitter tuning unit. It is marked BAND
CHANGE SWITCH, A, and is used for the circuit changes hecessary
to cover the frequency band used.

(b) The master oscillator tuning control located in the upper left-
hand part of the transmitter tuning unit. Itis marked MO TUNING,
B, and consists of two dial mechanisms and alock. The dial mechanism
used to select the frequency also acts as a vernier and is divided into
100 divisions. The flat, fully exposed scale to the left of the dial lock
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has 25 divisions and indicates hundreds, while the so-culled vernier
indicates tens and units.

(¢) The power amplifier tuning control located in the upper right-
hand part of the transmitter tuning unit. Itis marked PA TUNING,
C. This control is used to tune a capacitor in the tank circuit of the
power amplifier and is provded with a lock to hold its final setting.

(d) The antenna coupling switch located in the lower right-hand
side of the transmitter tuning unit. It is a 6-position switch marked
ANT COUPLING SWITCH, D. This coupling switch selects dlﬁ‘er-
ent taps on the antenna coupling coil.

(e) Two controls, one on the transmitter and the other on the tumng
unit panel, are not exposed, namely—the neutralizing capacitor and
the calibration reset capacitor. Access may be had to the neutralizing
capacitor adjustment mechanism upon removal of the calibration
chart, and access to the calibration-reset capacitor may be had through
a small port to the right of the test key. These controls are mot
normally adjusted during operation of the transmitter but may be
adjusted if necessary as prescribed in paragraph 35.

b. Procedure.—The transmitter may be operated for c¢. w., tone, or
voice transmission. In all cases, adjust the transmitter initially for c. w.
transmission. The transmitter should be approximately tuned before
the power is turned on.

(1) For c. w. operation.—(a) Read paragraphs 23 and 24.

(6) Turn the transmitter OFF ON switch to the OFF position.

(¢) Plug into the transmitter and lock in place the transmitter
tuning unit which covers tbhe assigned frequency.

(d) Determine the dial setting for the assigned frequency from the
calibration chart on the front of the transmitter tuning unit. If
the prescribed frequency is between any two tabulated frequencies,
interpolate the correct dial setting.

() Set the BAND CHANGE SWITCH, A, the MO TUNING
control, B, and the PA TUNING control, C, to the numbers indicated
in the proper column and opposite the correct frequency on the cali-
bration chart.

(f) Set the ANT COUPLING SWITCH, D, on 1.

(9) Place the TONE CW VOICE switch on the CW position.

(h) Indert the plug for the key in any jack marked KEY.

(7) Set the SEND REC switch on the receiver panel to the SEND
position. If the key plug is inserted in the MIC jack of control box
BC-321 or the KEY jack of radio control box BC-309, turn the
toggle switches in these boxes to the ON position.

(7)) Move the transmitter OFF ON switch to the ON position. The
dynamotor should start and the master oscillator and power amplifier
tube filaments will light.
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(k) Press the TEST KEY or the transmitting key.

() Tune the power amplifier circuit to resonance by varying the
PA TUNING control, C, until minimum total plate current is indicated.
When this circuit is properly tuned, the total plate current will be from
80 to 110 milliamperes.

(m) Set the ANT CIRCUIT SWITCH, N, in position 4 for fre-
quencies between 1500 and 2500 ke., or in position 3 for frequencies
between 2500 and 4500 ke.

(n) Set the ANT IND SWITCH, P, in position 1.

(0) Tune the ANT IND TUNING control, M, for maximum
antenna current as indicated by the ANT CURRENT meter. If the
antenna does not tune to resonance, place the ANT IND SWITCH
in successively higher numbered positions, and retune the ANT IND
TUNING control M until resonance is obtained.

(p) If after tuning the antenna as above, the TOTAL PL CUR-
RENT meter reads less than 200 milliamperes, the coupling to the
antenna may be increased by placing the ANT COUPLING SWITCH,
D, on a higher numbered point and the antenna circuit retuned as
indicated above. When finally adjusted, the total plate current
should not exceed 200 milliamperes.

(2) The modulator bias adjustment.—Having completed the pro-
cedure directed in (1) above—

(@) Note the value of total plate current when the transmitter is
tuned for ¢. w. operation.

(b) Move the transmitter OFF ON switch to the OFF position.

(¢) Place the TONE CW VOICE switch on the VOICE position.

(d) Move the transmitter OFF ON switch to the ON position.

(¢) Press the TEST KEY, located to the left center of the trans-
mitter panel, and note the current indicated on the TOTAL PL
CURRENT meter. The total plate current meter should now read
a current 20 ma. greater than the current noted in (a) above, as the
modulator tubes are now drawing about 20 ma. (One small scale
division of the TOTAL PL CURRENT meter is equivalent to a 20
ma. current change.) In event that the current change is greater or
less than 20 ma., the control labeled MOD BIAS will need adjust-
ment. (The dial on this centrol is so calibrated that the current
drawn by the modulator tubes is inversely proportional to the setting
of the dial.) The dial is rotated by using a screw driver inserted in
the dial rotating device located just to the left of the MOD BIAS
control (fig. 3). Proceed with the adjustment as follows:

(f) Release the TEST KEY.

(9) Move the transmitter OFF ON switch to the OFF position.

(k) Remove the tube compartment shield.
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() By successive small steps, and the procedure indicated in (a)
to (g), inclusive above, rotate the MOD BIAS control in a direction
so as to bring the modulator plate current to the value indicated in
(e) above.

Caution.—Changing vehicular battery voltage will cause a change
in the total plate current drawn on c. w., and frequent checking of the
value of total plate current on ¢. w. during the progress of the above
adjustment is necessary.

(3) For voice operation.—With the adjustment of the MOD BIAS
control completed, the adjustment of the INPUT LEVEL control is
next in order. This adjustment will require the use of an additional
radio set suitable to send and receive transmissions in the frequency
range of the radio set SCR-193-A. This addittonal radio set should
be located at a sufficient distance and/or operated with a reduced

_ receiving antenna such that the receiver circuits are not overloaded
by the signal strength of the transmissions from the SCR-193-A.
The adjustment is accomplished as follows:

(a) Release the TEST KEY.

() Set the transmitter BC-191-A OFF ON switch in the OFF
position.

(¢) Insert the plug for the microphone in the MICRO jack.

(d) Set the SEND REC switch located on the receiver panel to the
SEND position.

(e) Set the OFF ON switch located on the receiver panel in the
ON position.

(f) Remove the tube compartment shield and using a screw driver
inserted in the dial rotating device located to the left of the INPUT
LEVEL control (fig. 3), set the dial at 1.

(9) Set the transmitter OFF ON switch to the ON position.

(k) Depress the microphone button, and using a standard speech
input to the microphone, conduct a transmission to the distant radio
station mentioned above. (These transmissions should be of about
30 to 45 seconds duration in order that the distant operator may
judge the quality of the speech transmission.)

(7) Obtain a report as to signal strength and degree of modulation.

() By successive small steps, rotate the INPUT LEVEL control
to higher numbered positions, by the procedure directed in (a) to (z),
inclusive above, until the distant station makes a report of indistinct
transmission.

(k) Reduce the setting on the INPUT LEVEL control somewhat
and obtain a report from the distant station. The transmissions
should now be clear and distinct.-
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() Note the value of total plate current during the transmission
conducted in (k) above. This should never exceed 300 ma. Under
very noisy vehicular conditions, it will be necessary to set the INPUT
LEVEL control at a much lower point than that arrived at in (k)
above, and raise the speech level to the microphone until the current
noted abbve is obtained. The speech level to the microphone is
raised by talking in a loud voice with the microphone touching the
lips. Setting the INPUT LEVEL control too high results in over-
modulation with indistinct transmissions, abnormally wide side bands
with the consequent increase in interference on adjacent channels, .
overloading of power sources, blowing of fuses, and damage to the
equipment.

(4) For tone operation.—Having completed the procedure directed
in (1) and (2) abové—

(@) Move the transmitter OFF ON switch to the OFF position.

(b) Place the TONE CW VOICE switch on the TONE position.

(¢) Move the transmitter OFF ON switch to the ON position.

(d) Tone modulation may be effected by using the microphone
button, transmitting key, or TEST KEY. The total plate current
re&dmg will be between 300 and 350 milliamperes.

(5) Side tone adjustment.—The magnitude of transmitter side tone
delivered to the output circuit of the radio receiver is adjusted by
means of the stepwise control, marked SIDE TONE, located in the
tube compartment. (See fig. 3.) In the junction box TM-188,
SCR-193-A and SCR-193-C, there is located a potentiometer RS-218
which provides for additional adjustment of the side tone.

26. Receiving.—a. Controls (figs. 5 and 7).—Reception is accom-
plished or controlled by the following:

(1) On the receiver BC-312, BC-312-C or connected to it—

(@) A 6-position switch located on the left center of the front
panel marked BAND CHANGE. Each position is marked with the
limiting frequencies in kilocycles of the band through which the re-
ceiver can be tuned. (See par. 31.) The BAND CHANGE switch
also operates a masking plate in front of the main tuning dial.

(b) A flat disk main tuning dial located in the upper left of the front
panel behind a windowed reflector and marked FREQUENCY.
The dial has seven concentric scales, the outer six of which are cali-
brated directly in frequency. The first or inner scale is calibrated in
equal division from 0 to 45 for ready position reference. The masking
plate referred to in (a) above covers the frequency scales not in active
use so that only the 0 to 45 scale and that pertaining to the frequency
band selected by the BAND CHANGE switch may be read.
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(¢) Two controls on the right center of the front panel marked
FAST TUNING and VERNIER, respectively. The FAST TUNING
control rotates the main tuning dial at a reduction ratio of 25 to 1.
The VERNIER control rotates the main tuning dial at a reduction
ratioof 90 to 1. A calibration of 100 equal divisions around the periph-
ery of the VERNIER control permits interpolation of the fnner 0 to
45 scale of the main tuning dial. The VERNIER control makes one
complete revolution to move the main tuning dial one graduation on
the 0 to 45 scale.

(d) An antenna tuning control to the left of the main tuning dial
marked ALIGN INPUT.

(e) A crystal filter control to the right of the main tuning dial
marked CRYSTAL PHASING. An arrow on the control when the
latter is rotated to the OUT marking on the panel indicates that the
crystal filter is out of the receiver circuit. Other positions of the arrow
indicate that the crystal filter is in the circuit. (See par. 31e and fig.
29.)

() A volume control to the right of the CRYSTAL PHASING
control. It is marked VOL and has 100 equal divisions marked on its
periphery for ready position reference. An arrow marking on the
control indicates the direction of rotation for increasing volume. This
control is effective for manually changing the volume when the OFF
MVC AVC switch is in either the MVC or AVC position.

(9) A two-way toggle switch marked CW OSC OFF ON located
to the right of the VOL control.

(k) A CW OSC ADJUST control located in the upper right-hand
corner of the front panel.

(1) A 3-position switch in the lower right of the front panel marked
OFF MVC AVC, respectively, for each position. When the arrow on
this switch points to OFF, power is removed from the receiver. When
it points to MVC, the receiver is turned on and manual volume con-
trol of the receiver is provided. When it points to AVC, the receiver
is turned on and automatic volume control of the receiver is provided.

See paragraph 315 for the detailed manner in which the OFF MVC
AVC and VOL controls jointly function.

() A two-way toggle switch in the lower right of the front panel
marked SEND REC.

(k) Two small knob controls located below the BAND CHANGE
switch, marked NOISE ADJUST and NOISE BALANCE, respec-
tively.

() A two-way toggle switch located in the right center of the front

-panel, marked HEATERS OFF ON (radio receiver BC-312 only).
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(m) Three fuse holders marked FUSE on their screw caps and
HEATERS, DYN-FIL, and SPARE, respectively, for the BC-312,
and LAMPS, DYN-FIL, and SPARE, respectively, for the BC-312-C,
on the panel immediately below. Being identical, the fuses contained
within all three holders are interchangeable.

(n) Four terminals SIG ANT, NOISE ANT, GND, respectively,
on the left-hand edge of the panel and ALT SIG ANT in the upper
right-hand corner of the front panel in radio receiver BC-312. In
radio receiver BC-312-C, two terminals are marked SIG ANT, one
NOISE ANT, and one GND. They are all located along the left side
of the front panel.

(o) Five jacks marked KEY, MICRO, SPEAKER 2ND AUDIO,
PHONES 2ND AUDIO, and PHONES 1ST AUDIO, respectively,
located on the lower right edge of the front panel. These jacks are
provided for the insertion of plugs for a key, microphone, loudspeaker,
and headphones, respectively.

(p) A 14-contact socket located on the front panel. Power for the
receiverissupplied through a cord plug which is inserted into this socket.
The leads from this power socket to the interior of the receiver are
accessible upon unscrewing four screws of a protective metal cover
above the socket and removing the cover.

(¢) A shielded cord for connecting the antenna terminals to the
antenna, or to the REC terminal of the transmitter when the latter
is used with the receiver.

(r) A noise suppressor antenna, if used, is connected to the NOISE
ANT terminal.

(s) A ground wire for grounding the receiver chassis to the chassis of
the vehicle is connected to the GND terminal.

(2) On the control box BC-321.

(@) Two jacks loeated on the bottom marked PHONE NO. 1 and
PHONE NO. 2 in which may be inserted plugs for two headsets for
remote reception.

(b) Two controls located on the front plate marked VOLUME
CONTROL NO. 1 and NO. 2, respectively, for controlling the volume
in headphones referred to in (a) above.

b. Procedure.—The receiver may be operated for c. w., tone or voice
reception. Volume level is controlled manually alone, or manually and
automatically together. Selectivity may be controlled by the use of the
crystal filter in all cases.

(1) For c. w. reception.—(a) Read paragraphs 23 and 24.

(b) For conditions requiring above average frequency stability,
move the HEATERS OFF ON switch (BC-312 only) to the ON
position 15 to 30 minutes prlor to operation.
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(¢c) Insert plugs for headsets P-19 in PHONES 2ND AUDIO
jack, or PHONES 1ST AUDIO jack of the receiver; in PHONE NO.
1 and/or PHONE NO. 2 jack of the control box BC-321, if used. In-
sert plug for loudspeaker, if used, in SPEAKER 2ND AUDIO jack.

(d) Rotate BAND CHANGE switch to the position which covers
the assigned frequency.

(e) Move the CW OSC OFF ON switch to the ON position.

(f) Move the CRYSTAL PHASING control to the OUT position.

(9) Move the SEND REC switch to the REC position if the receiver
is not used in conjunction with the transmitter.

(k) Rotate the FREQUENCY or main tuning dial by means of
the FAST TUNING control until the assigned frequency is indicated
on the dial.

() Move the OFF MVC AVC control switch to the MVC position.
Receiver output volume is manually controlled when the switch is in
this position.

(7) After a brief period of time in which the receiver ‘“‘warms up”’,
rotate the ALIGN INPUT control until maximum noise is heard in the
headset.

(k) If the signal is weak or slightly off frequency, use the VERNIER
control for finer tuning. C.w., tone, or voice signals on the assigned
frequency should now be distinguished. It may be necessary to tune
on either side of the assigned frequency until the desired signal is
located, and/or readjust the ALIGN INPUT control.

(l) The pitch of the signal may now be further adjusted to a desired
note by the CW OSC ADJUST control. The use of the CW OSC
ADJUST control permits a 4,000 cycle variation in the resultant beat
note of the c. w. signal, but does not change the frequency adjustment
or sensitivity of the receiver.

(m) The VOL control may be rotated at any stage of the tuning to
adjust the output volume to a desired level. An increase in volume
increases the sensitivity of the receiver. In tuning the receiver
initially, it is preferable to maintain the volume fairly high. Volume
is further adjusted by VOLUME CONTROL NO. 1 or NO. 2 on the
control box BC-321 if the latter is used.

(n) An increase in selectivity of the receiver, if desired, may now be
accomplished as prescribed in (4) below. It is inadvisable to employ
automatic volume control when receiving c. w. or tone signals.

(2) For tone or voice reception.—Use the same procedure as prescribed
for c. w. reception ((1) above) except place the CW OSC OFF ON
switch in the OFF position as soon as the signal is tuned in.

(3) For automatic volume control.—Move the OFF MVC AVC
switch to the AVC position. While this reduces the sensitivity of the
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receiver, it tends to maintain the output at a constant level as deter-
mined by the VOL control setting. Automatic volume control is
preferable where the voice signal fluctuates or otherwise tends to vary
in output level.

(4) For increased selectivity or rejection of interfering signal—Rota-
- tion of the CRYSTAL PHASING control from the OUT position in a
counterclockwise direction increases the selectivity of the receiver.
Careful adjustment of this control will permit of rejecting or minimiz-
ing an interfering signal on an adjacent channel without serious
attenuation of the desired signal. Maximum selectivity is, in general,
indicated by minimum background noise, and usually is established
when the arrow on the CRYSTAL PHASING control is in the vertical
position. The crystal filter is intended primarily for use in the recep-
tion of c. w. signals. It tends to cut off the sidebands of voice trans-
missions, but, depending on how far the CRYSTAL PHASING
control is advanced, it frequently eliminates interference on adjacent
channels without destroying the actual intelligibility of the voice
signals. Its best use must be determined by trial.

c. To reduce engine ignition interference on the 1,600-3,000 ke.
Jfrequency bands.—(1) Follow the procedure prescribed in 5(1) above,
tuning on any frequency in the two frequency bands.

(2) Connect the signal antenna to the SIG ANT terminal. Discon-
nect the noise antenna. (The noise antenna consists of a piece of
shielded wire connected between the source of interference and the
NOISE ANT terminal on the receiver.) Adjust the NOISE ADJUST
control to receive maximum noise output.

(3) Disconnect the signal antenna. Connect the noise antenna to
the NOISE ANT terminal. Adjust the NOISE BALANCE control
to receive maximum noise output. The noise output should be equal
to that secured in (2) above. If the noise outputs are not equal, re-
locate the pick-up end of the noise antenna until they are equal, and
readjust the NOISE BALANCE control for maximum noise output.

(4) Connect both antennas. Adjust both NOISE ADJUST and
NOISE BALANCE controls until the minimum noise output is
secured. '

(5) If noise reduction is unsatisfactory, it may be necessary to move
the pick-up end of the noise antenna a number of times, repeating the
above procedure each time until the best results are obtained.

27. Care and adjustments.—a. Inspections.—To insure unin-
terrupted service, inspect the various components of each installation
before and after each day’s operation. Make a thorough inspection
of each installation after every 50 hours of operation. For inspection
instructions, see paragraph 33.
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b. Preservation.—(1) At all times when the receiver, transmitter, or
dynamotor unit are not in actual operation, place covers BG-75,
BG-78, and BG-79 over these components, respectively. Close all
slide fasteners. Securely fasten boxes and cases containing the
transmitter tuning unit not in use, spare tubes, and other accessories
at all times. Remove headsets, keys, and microphones-when not in
use, and put in a safe place. The antenna may or may not be dis-
assembled, depending on its prospective use. If it is disassembled,
insert mast sections in compartments of roll BG-56 and place the
latter in a safe place. Screw a bolt provided for the purpose in the
top of the mast base and strap cover BG—67 over the whole. To
avoid injury due to shock or vibration of the vehicle when in motion,
secure or pad all items of these sets which are not otherwise protected.

(2) Cover BG-84 is used on radio set SCR-193-D.

(3) The cabinet CH-60 protects radio set SCR-193-E.

c. Lubrication.—Components of these sets will be lubricated
according to instructions outlined in paragraph 34.

d. Special adjustments.—See paragraph 35.

e. (1) Ininclement weather.—Where there is a likelihood of exposure
of the set components, cover these components as in b above. These
sets may be operated with covers on. Slide fasteners on the covers
of the receiver and transmitter are opened and the front flaps held up
and back by snap fasteners during operation.

(2) Radio set SCR-193-E is not equipped for operation with the
doors of cabinet CH-60 in place.

28. Storage.—a. If these sets are to remain out of service but
within the vehicles for more than a few days, proceed as directed in
paragraph 27b. Disassemble the antenna and cover the ends of the
mast sections with petroleum jelly before placing in roll BG-56.

b. If set components are to be removed from the vehicle and stored
elsewhere, handle them carefully, cover or wrap securely against dust,
place in a dry, protected location, and safeguard against accidental
injury. Inspect frequently for dust, rust, or injury, and clean and
repair if necessary.

Section III

DETAILED FUNCTIONING OF PARTS

. Paragraph

Radio transmitters BC-191-A and BC-191-C, and transmitter tuning
units TU-5-A and TU-6-A___________________ J U 29
Dynamotor units BD-77-A and BD-77-B__ _ _______________________.__. 30
Radio receivers BC-312 and BC-312-C_ . ______ . .. _____ 31

29. Radio transmitters BC-191-A and BC-191-C, and trans-
mitter tuning units TU-6-A and TU-6-A.—The transmitter,
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together with either of the transmitter tuning units, contains the
circuit elements for c. w., tone, or voice transmission. With trans-
mitter tuning unit TU-5-A, the transmitter covers a frequency range
of 1,500 to 3,000 ke. With transmitter tuning unit TU-6-A, it covers
a range of 3,000 to 4,500 ke. During the explanation of the detailed
functioning of the transmitter, it will be assumed that transmitter
tuning unit TU-6-A is being used.

a. General circuit.—The circuits of radio transmitters BC-191-A

and BC-191-C are for all practical purposes identical. The radio-
frequency circuit is of the master oscillator, power amplifier type.
The audio-frequency circuit consists of a push-pull modulator which is
driven by an audio amplifier. The transmitter utilizes a tube VT—4-C
for the oscillator, a tube VT—4-C for the power amplifier, two tubes
VT-4-C in push-pull for the modulator, and a tube VT-25 for the
audio amplifier (speech amplifier). (See figs. 17, 18, and 19.)
For ¢. w. transmission, only the master oscillator, power amplifier,
and speech amplifier tubes operate. For tone and voice transmission,
all tubes operate. The power amplifier operates Class C; the modu-
lator tubes in push-pull operate Class B; the audio amplifier driver
tube operates Class A. Sufficient audio-frequency power is obtained
from the modulator tubes for plate modulation of the power amplifier
(tone or voice transmission). Side tone for monitoring purposes is
supplied to the receiver from the speech amplifier during c. w., tone,
and voice transmission. .

b. Oscillator circuit.—The master oscillator circuit is schematically
illustrated in figure 22. The oscillatory circuit by which the frequency
of the transmitter is controlled is contained in the transmitter tuning
unit TU-5-A or TU-6-A, as the case may be. When the transmitter
tuning unit TU-6-A is employed and the BAND CHANGE SWITCH,
A, is in position 2 (fig. 21), the oscillatory circuit comprises the tapped
coil 601 and the variable capacitor 607. Moving the BAND CHANGE
SWITCH to position 1 places the fixed capacitors 603 and 613 in
parallel with the variable capacitor 607 and enables this tuning unit
to cover the lower ranges of its frequency band. Continuous adjust-
ment of frequency is accomplished by means of the variable capacitor
607, control B (fig. 22). Controls, coil, and capacitors of transmitter
tuning unit TU-5-A (fig. 20) are arranged for similar operation on
four bands, all of which are lower in frequency than those obtained
with transmitter tuning unit TU-6—-A. In each tuning unit, both coil
and capacitors are thermally compensated to reduce frequency varia-
tion due to any change in ambient temperature. Subsequent dis-
cussion of the master oscillator circuit is limited to the circuit shown in
figure 22, which results when transmitter tuning unit TU-6-A is
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generation of parasitic oscillations. The plate voltage for the master-
oscillator is fed to the tuning unit through radio frequency choke 1106,
which, with capacitor 1105, prevents radio frequency current from
flowing into the power supply. Resistor 1109 is the master-oscillator
grid leak which provides the required operating bias for the master-
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FIGURE 22.—Radio transmitters BC-191-A and BC-191-C, functional diagram of radio frequency and high-voltage circuits.

oscillator tube from the rectified grid current. Capacitor 1108 is a
radio-frequency bypass capacitor. Grid choke 611, in conjunction
with resistor 1109, serves as the necessary d. c. path from the grid to
the filament, maintaining at the same time a high impedance to the
radio-frequency grid excitation. Capacitor 1104 is the calibration
reset by which the master-oscillator frequency can be adjusted to
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correspond to the calibration whenever the oscillator tube is changed.
This capacitor is adjusted through a small portin the front panel to the
right of the TEST KEY. Capacitor 1103 is a sealed capacitor which
provides the necessary thermal compensation for any frequency drift
normally caused by warming up and variation of the ambient tempera-
ture of the oscillator tube.

¢. Power amplifier circuit.—The power amplifier circuit is sche-
matically illustrated in conjunction with the master oscillator circuit
in figure 22. The power amplifier plate tank circuit, by means of
which the plate load impedance is adjusted, is contained in transmitter
tuning unit TU-5-A or TU-6-A, as the case may be. When the
transmitter tuning unit TU-6-A is employed, and the BAND
CHANGE SWITCH, A, is in position 2 (fig. 21), the plate tank
circuit comprises the tapped coil 621 and variable capacitor 627.
Moving the BAND CHANGE SWITCH to position 1 places the
fixed capacitor 623 in parallel with the variable capacitor 627 and
enables this tuning unit to cover the lower frequency range of the
tuning unit. Continuous frequency adjustment of the plate tank
circuit is accomplished by means of the variable capacitor 627, con-
trol C. Controls, coil, and capacitors of transmitter tuning unit
TU-5-A (fig. 20) are arranged for similar operation on four bands,
all of which are lower in frequency than those obtaihed with trans-
mitter tuning unit TU-6-A. Subsequent discussion of the power
amplifier circuit is limited to the circuit shown in figure 22, which
results when the transmitter tuning unit TU-6-A is used and is set
with the BAND CHANGE SWITCH on position 2. The power-
amplifier grid receives excitation through capacitor 609 from the
master-oscillator tank coil. Capacitor 609 also isolates the master-
oscillator d.c. plate voltage from the power-amplifier grid. The
power-amplifier grid bias is obtained from the flow of rectified grid
current through resistors 614, 1112, 1113, and 1114. Choke 608
provides a low-impedance path for the d.c. grid current but a high-
impedance path at radio frequency. Plate voltage for the power
amplifier is applied through the modulation transformer 1164, the
r.f. choke coil 1118, and the tank coil 621. The capacitor 1117, in
conjunction with choke coil 1118, prevents r.f. currents from flowing
into the power supply. The neutralizing capacitor 612 forms a part
of a bridge circuit, including the power-amplifier grid-plate capaci-
tance. Balancing this circuit by means of capacitor 612 prevents
any interaction of the power amplifier on its grid-input circuit, thus
eliminating the possibility of self-oscillation of the amplifier. All
transmitter tuning units are properly neutralized at the time of
manufacture and should never require adjustment in service unless
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the setting is accidentally disturbed. The power amplifier is induc-
tively coupled to the antenna circuit by means of a tapped inductor
628, the taps of which are selected by a panel-controlled, tapped
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switch D. Sufficient variation in coupling is provided to allow
operation into a wide range of antenna resistances.

d. Modulation (fig. 23).—Modulating voltage is applied to the plate
circuit of the power amplifier by means of the modulation transformer
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1164. The modulator tubes 1161 and 1162 are operated in a push-
pull, class B circuit in which they are biased nearly to cut-off. The
modulator tubes receive excitation from the speech amplifier tube
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1154, through an interstage transformer 1157. The secondary of
this transformer is loaded by resistors 1181 to reduce the effective
load variation caused by the modulator grid current. Plate power
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for the speech amplifier is obtained from the positive high voltage
through resistor 1156 which limits it to the proper value. Capacitor
1155 serves as an audio frequency bypass for this power source.
Receiver side tone for monitoring the transmitted signal is provided
by a tapped winding on the interstage transformer 1157. Switch
1179 selects the proper tap on this transformer winding to give the
proper side tone level.

e. Tone, c. w., and voice operation.—(1) The TONE CW VOICE
switch, 1141 (fig. 25), serves to select the desired type of transmission.
It performs the following functions:

(@) It controls the modulator filaments.

() It controls a line compensating section of the filament resmtor
1138 (fig. 26).

(¢) It controls the tone-oscillator feed-back circuit.

(d) It connects the microphone circuit to the input transtormer
1149 for VOICE operation.

(2) With switch 1141 in the TONE position (fig. 23), capacitor -
1142 feeds energy from the speech amplifier plate to its grid in the
proper phase relation to cause oscillation at an audio rate, and thus
the required tone voltage is generated. The secondaries of input
transformer 1149 and interstage transformer 1157 are resonated by
capacitors 1150 and 1180, respectively, to provide the required tuned
circuits in both grid and plate circuits of the a. f. oscillator (speech-
amplifier on voice). The tuning of these circuits is such as to establish
a frequency of oscillation of about 1,000 c. p.s. Resistor 1151 on the
primary of input transformer 1149 serves to stabilize the grid excita-
tion of the speech-amplifier tube. The modulator tubes receive their
excitation from transformer 1157.

(3) For c. w. operation (fig. 24), switch 1141 shuts off the modulator
tubes by removing the filament power. The speech amplifier func-
tions the same as for tone operation, although it furnishes only the
audio frequency signal for monitoring the ¢. w. transmission.

(4) For voice operation (fig. 25), switch 1141 disconnects the tone
capacitors 1142, 1150, and 1180, connects the microphone circuit
to the primary of the input transformer 1149, and makes the modu-
lator tubes operative by connecting their filaments to the supply.
Potentiometer 1148 is the input level control. The speech amplifier
will then receive its excitation from the microphone by means of
input transformer 1149. The transmission is monitored through the
receiver side tone circuit.

f. Bias voltages.—Bias for the modulator tubes is obtained from
resistor 1113, and bias for the speech amplifier from resistor 1114
(fig. 23). These resistors form a part of the power-amplifier grid
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leak, the voltage across them resulting from the rectified grid current
Capacitors 1144 and 1160 serve to bypass

of the power amplifier.

the speech amplifier and modulator bias, respectively, at audio fre-
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FIGURE 25.—Radio transmitters BC-191-A and BC-191-C, functional diagram of audio frequency circuits, voice operation.

quency. Both the modulator bias control (labeled MOD BIAS),
and the speech amplifier control (labeled S. A. BIAS), are accessible

in the tube compartment.
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adjusted at the time of manufacture, and its value is not particularly
critical.

g. Keying—Keying of the transmitter (fig. 22) is controlled by
means of resistor 1115, one end of which is connected to the negative
high voltage and all grid circuit returns, and the other end to fila-
ment or ground potential. The keying contacts of relay 1165 are
connected across this resistor. When the keying contacts are open,
the grids of the tubes are biased beyond cut off, and oscillation is
stopped. When these keying contacts are closed, resistor 1115 is
shorted and normal grid biases on all tubes are reestablished. Oper-
ation of the keying contacts is accomplished by supplying power
to the antenna switching relay 1165. (See fig. 26.) Power is supplied
to this relay when the key, test key, or the microphone keying button
or switch is operated. Operation of the antenna switching relay
performs the following additional functions:

(1) Disconnects the receiver from the antenna and grounds the
receiver input circuit.

(2) Connects the transmitter to the antenna circuit.

(3) Keys the side tone circuit.

h. Filament circuit.—The transmitter is so designed that it may be
operated from an a. c. source in connection with a power-supply unit
consisting of a high-voltage rectifier for plate supply, a low-voltage
rectifier for the control units, and a transformer to furnish a. c.
filament supply. The AC DC switch 1136-1137 (figs. 3, 17, and 26)
performs the circuit changes to allow the transmitter to be operated
from either source. In the a. c. position the filament circuit is
separated from the control circuit, and the normally grounded side
of the filament is disconnected from ground. Capacitors 1107 (fig.
26) then serve to maintain the tube filaments at ground potential
with respect to radio frequency currents. Under the condition of
d. c. filament supply, resistor 1138 is used to adjust the filament
potential to 10 volts, as indicated by the red line on voltmeter 1133.
The midtap of this resistor is connected to the power source. One
side of the resistor is used for the adjustment of the filaments of the
tubes used for c. w. operation and the other side for the modulator
tubes. Provision is made to short out a section of the c. w. filament
resistor by means of switch 1141 ((b), fig. 26) to compensate for the
increased line drop which occurs when the modulator filaments are
lighted. This arrangement makes it necessary to readjust the voltages
when changing from c. w. to tone or voice. A portion of the resistor
may be short circuited by the 12V 14.2B switch 1139, 1140 (figs. 3
and 26), so that the correct filament voltage may be applied both
when the power-supply storage battery is being charged and when
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not being charged. Switch 1135 connects filament voltmeter 1133
to either the c. w. or modulator filaments. If the filaments are oper-
ated from an a. c. source resistor 1138 serves simply as a compensating
resistor to eliminate the need for readjusting the filament rheostat
when changing from c. w. to modulated transmission.

1. Antenna tuning equipment.—(1) The antenna tuning equipment
on the transmitter is capable of tuning practically any antenna to
frequencies between 1,500 to 4,500 kc. Inductive and capacitive
loading, and series and parallel tuning are provided. The selection of
a suitable tuning circuit and its subsequent tuning are readily accom-
plished by observation of the antenna current meter and the total
plate current meter. The latter meter by its sharp dip at resonance
indicates most exactly the point of resonance. In the case of the
vehicular installations described herein, the antenna is comprised of
mast base MP-37, and antenna mast sections MP—49 to MP-53,
inclusive. This antenna, when operated on a frequency between 1,500
and 4,500 ke., radiates most effectively with inductive series tuning.

(2) The types of loading and tuning desired are selected by means
of the following controls located on the right front of the transmitter
(see figs. 3 and 27): ,

(@) The meter marked ANT CURRENT is the radio frequency
meter 1166, which indicates the r. f. currents in the various networks
of the antenna tuning equipment.

(b) The dial marked ANT IND TUNING, M, is the control for the
continuously variable leading inductor 1167, and is so calibrated that
the inductance included is proportional to the dial reading.

(¢) The switch marked ANT CIRCUIT SWITCH, N, is the control
by means of which any one of the four antenna tuning networks is
selected. The numbered positions on the switch correspond to the
circuits as numbered in figure 27.

(d) The dial marked ANT CAP TUNING, O, is the control by
means of which the capacitor 1169 is varied, and is so calibrated that
the capacity included is proportional to the dial readings.

(¢) The switch marked ANT IND SWITCH, P, is the control for
the tapped inductor 1170, and is so constructed that the higher
numbered positions correspond to the greatest amount of included
fixed inductance.

(f) The switch marked ANT COUPLING SWITCH, D, 629 (fig.
21) located on the transmitter tuning unit is the control for the antenna
coupling coil of the transmitter tuning unit and is used to control the
coupling from the power amplifier circuits to the antenna tuning equip-
ment and antenna. It is so constructed that the percentage of cou-
pling is proportional to the number of the switch position.
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(3) The antenna tuning networks (fig. 27) are selected and adjusted
as follows:

Caution.—Set the control D (2){ f)above) at 1 before beginning any
antenna tuning operations.

(@) With the control N on position 1, the transmitter works in to
a resonant circuit, in which the high voltage built up across the
antenna tuning capacitor is used to ‘“ voltage feed”” the antenna. This
circuit is generally used for high frequencies and fairly long antennas
and is seldom used in tuning the standard vehicular antennas. The
antenna feed circuit is maintained at resonance by means of control
M, while the voltage fed to the antenna is varied by means of the
control O, and resonance is indicated by the ANT CURRENT meter.
The current in the feed circuit is adjusted by the control D and should
not exceed 6 amperes. The step-by-step tuning procedure is as
follows:

1. The control O is set at some arbitrary scale reading.

2. The circuit is resonated by means of the control M for a
maximum reading on the antenna current meter.

3. The control D is adjusted so that the antenna current reads
slightly below 6 amperes.

4. The circuit is reresonated as in 2 above.

5. The above procedure is repeated until the proper power
amplifier loading is indicated on the total plate current
meter (200 to 220 ma. on ¢. w.). Under the same condi-
tions of power amplifier load, the lower the dial reading
on the control M and the lower the reading on the antenna
current meter, the more power will actually be delivered
to the antenna.

(b) With control N on position 2, the transmitter works into a
series resonant circuit. The antenna is “current fed.” The antenna
circuit is resonated by means of controls M and O. Resonance is
indicated by a maximum reading on the ANT CURRENT meter.
The circuit is used generally for operation near the fundamental
frequency of an antenna and therefore is not particularly efficient for
tuning the standard vehicular antenna. When this tuning network
is selected, the value of capacity should be the maximum for which
an inductance value can be found that will give resonance. (This
will be & minimum inductance value.)

(¢) With control N in posmon 3, the transmitter works in to a series
resonant circuit providing ‘“current feed” and inductive loading.
This circuit is used for operation below the fundamental frequency of
the antenna and is generally used when tuning the standard antenna,
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operating on the higher frequency assignments for these installations.
1. The antenna circuit is resonated by means of the con-
tinuously variable inductor controlled by M.

2. Resonance is indicated by the dip in the total plate current

and the indication of current on the antenna circuit meter.

3. Having found resonance, the transmitter is loaded by ad-

vancing control D until the proper plate current is indi-
cated on the total plate current meter (200 to 220 ma.
onc. w.).

(d) With the control N on position 4, the antenna circuit is identical
with that obtained on position 3 except that an additional inductor
controlled by P is added in series with the variable inductor 1167.
This circuit is used when the operating frequency is relatively far
below the fundamental frequency of the antenna, as will be the case
when these installations and the standard antenna are operated on
frequency assignment of 1,500 ke. and somewhat above. The adjust-
ment of this circuit is accomplished as follows:

1. Control D is set on 1.

2. Control P is set on 1.

3. Inductor control M is rotated through its limits, while the
total plate current meter is watched for any indication of a
resonance (sharp dip). If resonance is found, the trans-
mitter is loaded to its proper value.

4. Should resonance not be found at this setting of P, succes-
sively advance P to higher values, and repeat the variation
of control M for each position of P until resonance is found.

(¢) The change in antenna circuit constants, as a result of tuning,
reflects into the tank circuit of the power amplifier. This necessitates
a retuning of the power amplifier. The tuning of an antenna is not
complete until the power amplifier and antenna circuits are both
resonated to the transmitter frequency. Under some conditions
(see par. 21¢) it may be possible to resonate an antenna on either
position 3 or 4 of control N. Operation on position 3 of control N
is used when there is a choice.

j. Remote operation (fig. 18).—Radio control box BC-309 provides
means for turning the transmitter off and on and for connecting the
transmitter key. It merely parallels identical controls on the trans-
mitter. Control box BC-321 may be used to turn the transmitter
off and on and to connect the microphone. It also parallels identical
controls on the transmitter proper. Remote operation of the trans-
mitter .may be accomplished at the location of these control boxes.
Radio control box BC-309 contains, in addition to the OFF ON
switch 1302, a key jack 1303, a pilot light 1304, and a socket 1301.
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Control box BC-321 contains, in addition to the OFF ON switch
and the microphone jack, two headset jacks and two potentiometers,
providing individual control for the two headsets. The connection
of cord CD-297 from terminals 10 and 13 of the terminal box to the
control box BC-321 supplies audio output from the receiver to the
control box.

30. Dynamotor units BD-77-A and BD-77-B (fig. 9).—«a. Dyna-
motor units BD-77-A and BD-77-B provide the high voltage plate
supply for radio transmitters BC-191-A and BC-191-C, respectively.
Each consists of a dynamotor on top of which is mounted the relay
fuse box containing the starting relay, fuses, and filter -elements.
The unit is rated 14 volts—40 amperes mput 1,000 volts—0.35
ampere output, at 5,000 r. p. m. with 55° C. rise, for one-half hour
intermittent duty. Dynamotors BD-77-A and BD-77-B are sub-
stantially identical in external appearances and mounting details,
and BD-77-B is more conservatively rated at the values given above
than is BD-77-A.

b. The dynamotor has a double armature winding consisting of a
low-voltage (12-volt motor) winding and a high-voltage (1,000-volt
generator) winding. Each winding terminates at a commutator on
either end of the armature. The windings are carefully insulated
from each other. The field is common to both motor and generator
windings and is excited from the 12-volt storage battery supply.
Skeleton-type bearing brackets on each end afford maximum accessi-
bility of the commutator and brushes. The external leads of the
dynamotor go directly into the relay fuse box through two bushings
in the top of the magnet frame. :

¢. Within the relay fuse box (fig. 10) is mounted a molded terminal
board. On this terminal board are mounted the starting relay,
low-voltage and high-voltage fuses, and the elements of the filter
circuit. A totally inclosed solenoid type starting relay is used. A
spare high-voltage fuse, spare fuse link, and a socket wrench are
carried in clips inside the cover of the relay fuse box. In one end of
the relay fuse box are mounted sockets SO-39 and SO—41. A ¥%s-inch
diameter hole for entrance of a conduit containing the two power input
leads is provided between these sockets.

31. Radio receivers BC-312 and BC-312-C. —Radio receivers
BC-312 and BC-312-C are practically identical and are of the multi-
band, integral coil, superheterodyne type, and employ metal tubes
throughout. Specific differences are pointed out as various elements
of the circuits are discussed. Unless specifically referred to a particu-
lar type receiver, the discussion herein applies equally to each. Pro-
vision is made for the reception of c. w., tone, or voice signals over the
frequency range of 1,500 to 18,000 kc., in six steps as follows:
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Frequency cover-

Band age excluding

overlap, ke.

A o e iecicieeao- 1,500 to 3,000
Bl 3,000 to 5,000
C o e e 5,000 to 8,000
Do ol 8,000 to 11,000
B o e el 11,000 to 14,000
F oo eeiceeooan 14,000 to 18,000

a. General circuit.—Figure 28 is a functional circuit diagram of
radio receiver BC-312 showing the connections set up by the band
change switch to receive a signal in one particular frequency band.
In this functional diagram the band change switch itself, and all coils
and capacitors not essential to the operation on that band, are
omitted for the sake of simplicity. Radio receivers BC-312 and
BC-312-C employ two stages of pentode radio frequency amplifica-
tion, a pentagrid mixer and separate triode radio frequency oscillator,
two stages of pentode intermediate frequency amplification, a duo-
diode-triode which performs the functions of a diode detector and
one stage of audio frequency amplification, and a separate stage of
pentode audio frequency amplification. The separate triode oscillator
is provided to produce a beat note for c. w. reception. The antenna
circuit of the receiver provides a means of transferring the desired
signal to the first radio frequency stage, and also provides a means of
transferring local noise to the first stage on bands A and B phased in
such a manner that the total noise is materially reduced below that
normally picked up on the antenna. The two radio frequency stages
provide selectivity and also act to reduce possible interference from
signals occurring at éither the intermediate frequency or at the so-
called repeat point, or image frequency. The mixer tube circuit with
its associated oscillator adds to the selectivity of the receiver, and also
changes the frequency of the signal from the frequency received to
that at which the intermediate frequency amplifier is tuned. The
intermediate frequency stages provide additional selectivity and gain.
The second detector stage demodulates the amplified signal to audi-
bility. The audio frequency stages provide additional amplification.
The c. w. oscillator, operating at a frequency slightly different from
that to which the intermediate frequency stages are tuned,. provides
an audible beat frequency adjustable in pitch when receiving c. w.
signals.
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b. Antenna circuit (figs. 28 and 31).—The antenna circuit is coupled
to the tank coil of the first radio frequency stage (L) through capac-
itor Cy. Lus, Lis, and Ly are inductances added to the circuit to
permit canceling out locally generated noise normally received on the
signal antenna. In addition, coil Ly serves as a radio frequency choke
between the antenna and ground. The functioning of this noise sup-
pression circuit is described in detail in £ below. Capacitor Cs, con-
trolled by the knob on the front panel marked ALIGN INPUT, in
conjunction with changes in connections of Ly, Lgs, and Ly, produced
by the band change switch, permits tuning the antenna circuit to
resonance to an incoming signal. LM, is a neon lamp which normally
has a very high resistance. When a certain threshold voltage is
exceeded, the lamp becomes a conductor by ionization and prevents
further rise in voltage, bypassing the current to ground. It is used
in this circuit to protect the receiver from any excessive voltages
which might be applied to the antenna.

¢. Radio frequency (fig. 28).—The circuits of the first radio fre-
quency, second radio frequency, and mixer stages are very nearly
identical. They are so designed to permit tuning with a single
control gang capacitor. The screen voltages for the first radio
frequency, second radio frequency, and mixer tubes are provided by
voltdge dividers connected between plus plate voltage and ground.
R;and R;; Rg and Ry; and R, Ry, and Ry form these voltage dividers.
The screen grids are bypassed to ground across these voltage dividers
by capacitors Csy, Cs, and C,, respectively. Cathode bias for the
first radio frequency and second radio frequency tubes is partly fixed
and partly variable. The fixed portion of this bias is secured by the
drop across R, and R,, respectively, and from the junction of these
resistors to the variable bias at the voltage divider formed by R and
adjustable resistor Rs. Rg; is shorted to ground for automatic
volume control (a. v. c.) operation and in this mode of operation the
cathode biases of these tubes are secured entirely by the drop across
R, and R;. The cathode bias of the mixer tube is secured by the drop
across Ry. The injector grid return is through resistor R;;. Ca,
Css, and Cgg are bypasses to ground across the cathode biasing resistors.
Cy and Cg keep the plate voltages from the preceding tubes from
reaching the grids of the second radio frequency and mixer tubes,
respectively. C,q in the first radio frequency stage is used to make
the grid circuit of this stage identical with those of the two succeeding
stages to permit the gang tuning referred to above. L, L, and L;;
are the tank inductances of the grid circuits of the first radio fre-
quency, second radio frequency, and mixer stages, respectively. The
plate circuits of the first radio frequency and second radio frequency
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tubes are conductively coupled to the tank inductances of the next
succeeding stages. These tank inductances are tuned by a gang
capacitor consisting of Cys, Cyy, and Cy. In series with the sections of
this gang capacitor are three capacitors, Cy5, Cy00, and Css, across which |
is placed a gang control switch SW,, SW,, and SW, (operating with the
band change mechanism). This gang control switch permits these
series capacitors to be used in the three higher frequency bands to
obtain a greater frequency spread on the dial, and shorts these capa-
citors in the three lower frequency bands. Trimmer capacitors C,,
C;, and Cy;, are provided to permit individual preadjustment (aline-
ment) of the three circuits involved to resonance at a given.input
frequency with one setting of the gang tuning capacitor. Cj and Csy
serve as radio frequency bypass capacitors and in conjunction with
R;s and R,;, respectively, isolate the d. c. plate supply from radio
frequency currents. As blocking condensers, they prevent the short-
ing of the plate supply of the first and second radio frequency tubes to
ground. Cy in the first radio frequency stage is placed in the circuit
to make the latter identical to those of the second radio frequency and
mixer stages for purposes of gang tuning. C,g, Coy, and Cg act as
bypass capacitors for a. v. c. operation. R, and Rs; Rs and R,;
R, and R, provide a high impedance d. c. grid return for the tubes
involved and also provide a path through which a. v. c. voltages are
applied. The grid return of these three stages is made through
resistor Ry to ground for m. v. c. operation and through R, and Ry,
for a. v. c. operation. The purpose of Ry Is explained in detail in 7
below. R;, Ry, and Ry; are in series with the plate leads of the tubes
involved, and with capacitors Cs;, Ci, and C;,, in conjunction with
Cx, serve to reduce to a negligible value the amount of radio frequency
reflected back into the power supply circuit from these tubes.

d. Radio frequency oscillator (fig. 28).—The radio frequency oscillator
employs a modified Hartley circuit with the plate end of the tank
circuit operating at ground potential for radio frequencies. The tank
circuit of this oscillator consists of inductance L,g, which is tuned by
Cg. Cg is ganged with the main tuning capacitors Cag, Cs,; and Cy,
Cu, in series with Cg, is used in the three higher frequency bands to

' obtain greater frequency spread, but is shorted out by switch SWy in
the three lower frequency bands. Switch SWyis ganged with switches
SW,, SW,, and SW,. C, is a trimmer capacitor which adjusts the
tracking of the oscillator stage with the other tunable stages of the
receiver. C,,, Cg, and Cy (see figs. 17, 18, and 19), while not essential
to the fanctioning of the oscillator circuit, are included in the tank
circuit to make it suitable for tracking in all bands with those of the
radio frequency and mixer stages. Ciq serves as a grid-blocking capac-
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itor and R, as a grid-bias resistor. Ry and Ry together serve to
reduce the plate voltage supplied by the dynamotor to the proper
value for this tube. Ry, Ry, and Ry are different for the different
frequency bands of the receiver to insure that the plate voltage on the
oscillator tube will be correct in each band. The radio frequency
plate circuit of the oscillator is completed through Cg; and ground to
the tank circuit. The radio frequency voltage occurring between
the cathode of the oscillator tube and ground is impressed on the
injector grid of the mixer tube (1st detector) through C,. The action
of the mixer and oscillator on the received signal produces an output
signal of 470 ke., hawing the same modulation as the signal received
in the antenna. The intermediate frequency amplifier is tuned to
470 ke.

e. Crystal filter (figs. 28 and 29).—The output of the mixer stage is
inductively coupled to the grid circuit of the first intermediate fre-
quency stage through transformer Lg. Cg, in parallel with the pri-
mary of this transformer, forms a resonant circuit which is tuned to
470 ke. by varying the position of an iron core within the transformer
coil. The secondary of this transformer and both coils of trans-
formers L and Ly are tuned in a similar manner. In the grid side of
transformer Ly, there is a bridge circuit consisting of capacitors Cg,,
Cgs, and C;, and crystal CX. This crystal is provided with a shorting
switch SW,,. With this switch closed, the secondary of L, and
capacitors Cy and Cy; form a resonant circuit tuned to the inter-
mediate frequency so that one-half of the available voltage across
the secondary of inductance Ly is impressed on the grid of the first
intermediate frequency tube through blocking capacitor Cy;. When
. switch SWy, is open (by turning the CRYSTAL PHASING control
from the OUT position), the signal is impressed on the grid of the
first intermediate frequency tube through crystal CX and through
capacitor Cy. Crystal CX is cut to the intermediate frequency of 470
ke. CX behaves as a sharply tuned resonant circuit and offers a high
impedance to all frequencies, except its resonant frequency. The
capacity of the crystal holder would normally serve as a bypass to this
resonant circuit, reducing its impedance. For this reason, the bridge
circuit consisting of capacitors Cy,, Cy;, and C;; permits balancing out
the effect of the capacity of the crystal holder and raises the impedance
of the circuit to frequencies other than the resonant frequency. Any
other adjustment of capacitor C; provides a bypass around the
crystal and reduces the circuit impedance to undesired signals. This
control is referred to as the CRYSTAL PHASING control since the
crystal, neglecting the effects of the holder, behaves as a resonant
circuit with the current and voltage very nearly in phase. Introducing
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a capacitance disturbs this condition of resonance and introduces a
phase difference between the current and voltage, the magmtude of
which is determined by the degree of unbalance.

f. Intermediate frequency amplifier (fig. 28).—Resistor R,; provides
a high impedance direct current grid return for the first intermediate
frequency tube, and in series with R, provides for the introduction
of a. v. c. voltage. Csg; is a radio frequency bypass to ground shunting
radio frequency out of the a. v. c. circuit. The coupling between
first and second intermediate frequency stages, and between the
second intermediate frequency stage and the second detector, is
inductive through transformers L., and Ls,. Both sides of both of
these transformers form circuits which are resonant to the inter-
mediate frequency, the necessary capacitance being provided by
Cs and Cyy; Cry and Css; Cgs and Cyg; Coq and Cge. Crpy Cyy, Coz, and
Cy; are not used in BC-312-C. The necessary tuning to secure
resonance is achieved through the use of movable iron cores in the
same manner as in transformer Lo. The resistor R,y has the same
voltage divider system as for the first and second radio frequency
tubes. The cathode bias for the second intermediate frequency
tube is obtained through resistor Ry. The grid return of the second
intermediate frequency tube is through resistor R,;, which provides
means for introducing a. v. c. voltage, and with capacitor Cs prevents
radio frequency from feeding into the a. v. c. circuit. The screen
voltages of these two tubes are obtained from the voltage dividers
consisting of Ry, and Ry, and Ry and Ry These screen grids are
bypassed to ground by capacitors Cg and Cg,, respectively. Cs and
Ces serve to bypass the cathodes to ground.

g. Second detector (figs. 28 and 30).—A duo-diode-triode is employed
as a second detector, one diode circuit actually serving for purposes
of demodulation, the other diode circuit providing for a. v. c. action.
The triode portion of the tube serves as the first audio frequency
amplifier. These two latter functions will be described in detail
in subparagraphs below. The cathode and the detector diode plate
(fig. 28) act as a half-wave rectifier so that any current flowing through
resistors Ry and R, is pulsating. Any portion of the drop across
these resistors may be amplified as audio frequency. C; and C,.
are placed in the circuit as radio frequency bypasses across these
resistors. Ry provides the proper cathode bias for this tube and is
bypassed to ground by Cy,.

h. Audio frequency amplifier (figs. 28 and 30).—The triode portion
of the detector tube serves as the amplifying tube for the first stage of
audio frequency. This tube receives its grid excitation through
capacitor Cg. This excitation consists of the drop across the entire
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resistor R, for m. v. c. operation and the drop across the lower portion
of resistor R;, for a. v. c. operation. Rg; serves as a high impedance
d. c. grid return for the tube. The output circuit of the first audio
frequency tube is coupled to the control grid of the second audio
frequency tube through capacitor C;.. The primary of transformer T,
acts as an impedance coupling element and also as the primary of the
transformer for coupling to a secondary circuit containing J;, into
which phones may be plugged. . C; in this circuit prevents audio
frequency feedback into the power supply and completes the audio
frequency plate circuit for this tube. Rj; serves as a high impedance
d. c. grid return for the second audio frequency tube. The cathode
bias of the second audio frequency tube is provided by Rs, which is
bypassed to ground by capacitor Cys. The output of the second audio
frequency tube is coupled through transformer T, to jack J,, into which
phones may be plugged, and to J; (see figs. 17, 18, and 19), into which
a Joud speaker may be plugged. In the case of the receiver BC-312-C,
a 12 volt field supply is available in the connections of the jack J; for
those speakers requiring the same, providing the speaker is properly
corded to the transmitter. Cording data is supplied with the speaker.
Cg in this plate circuit prevents audio frequency feedback into the
power supply and completes the audio frequency plate circuit.

2. C. w. oscillator (fig. 28).—A modified Hartley circuit is employed
operating with the plate end of the tank circuit at ground potential
for radio frequency. The tank circuit of this oscillator consists of coil
L;, tuned by capacitors Cgy and Cg; in parallel. Cg is a grid-blocking
capacitor and Ry; is a grid-return resistor. The plate supply of this
oscillator is obtained through switch SW;; (CW OSC ON OFF switch)
which permits turning this oscillator on or off at will. R,;, in series with
the d. c. plate circuit, serves to drop the plate voltage from that supplied
by the dynamotor to the correct value for this tube. The radio fre-
quency plate circuit is completed through capacitor Cg and ground
to the tank circuit. A portion of the drop across tank coil Ly is im-
pressed on the plate end of the second detector tank circuit through a
low-pass filter consisting of Cy, Cq7, Rs;1, and Ly, and through coupling
capacitor C4. The purpose of this filter is to prevent the introduction
of harmonics of the c¢. w. oscillator frequency into the detector circuit
of the receiver.

j. Volume control.—(1) Manual volume control action (figs. 28 and
30®).—When operating on manual volume control (MVC), the
cathodes of the first and second radio frequency tubes and the first
intermediate frequency tube are returned to the voltage divider con-
sisting of Ry; and Ry.  This voltage divider is located between plus
plate voltage and ground, so that changing the value of the resistor Rs;

’
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by operating the VOL control on the front panel changes this cathode
bias and thus varies the gain of these tubes. R, is shorted, preventing
a. v. ¢. action described in (2) below. In this mode of operation, that
portion of the audio frequency signal which appears across all of
resistor Rg, is available at the input of the first audio frequency tube.

(2) Automatic volume control action (figs. 28 and 30®).—For auto-
matic volume control (a. v. ¢.) operation, resistor R;; is short circuited
to ground. The audio frequency voltage available at the grid of the
first audio frequency tube is now the voltage across that portion of Rs,
between ground and the sliding contact of resistor R;. Changing
the position of this contact by operation of the VOL control on the
front panel changes the amount of audio frequency voltage impressed
on the first audio frequency tube without interfering with a. v. c.
operation. The second diode plate of the second detector tube is
coupled to the plate tank circuit of the second intermediate frequency
stage through capacitor Cg to generate the a. v. c. supply voltage.
A rectifier circuit exists between this plate resistor Rj to ground,
thence through resistor Ry to the cathode. The cathode is main-
tained at a positive potential with respect to the a. v. c. plate by d. c.
plate current in the triode section of the tube flowing through Ry.
Rectification will take place in this a. v. c. circuit when the peak value
of the a. c. voltage impressed is greater than the d. c. drop across
resistor Ry, and this rectified voltage will appear across resistor Rg.
The magnitude of the voltage across Ry, is therefore dependent upon
the strength of the signal received in excess of the drop across resistor
Ry. Thus no a. v. c. action is obtained on signals whose a. ¢. peak
value is less than the drop across resistor Ry.  This type of action is
referred to as ‘“‘delayed’’ a. v. ¢. In a. v. c. operation, the control
grids of the first radio frequency, second radio frequency mixer, first
intermediate frequency, and second intermediate frequency are re-
turned to ground through resistor Ry. A change in the voltage across
resistor Ry therefore affects the bias and gain of these tubes. The
circuit is designed to bias these tubes more negatively on a strong
signal, thus reducing their gain and tending to maintain a constant
input to the detector.

k. Noise suppression circuit (figs. 28 and 31).—(1) A circuit is pro-
vided for the purpose of reducing interference on bands A and B caused
by poorly shielded engine ignition systems. Three inductance coils
Lys, Ly, and Ly, function when properly adjusted to reduce this type
of interference. Ly is coupled to Ly, an electrostatic shield being pro-
vided to insure that this coupling is entirely magnetic. This coupling
is also adjustable. The coupling between L.s and L,; is primarily
electrostatic, the necessary magnetic shield being provided to insure
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F1a. 31.—Radio receiver BC-312, functional diagram of antenna circuits.

that this type of coupling is secured. The coupling between Ly and
L,; is also adjustable. A knob on the front panel marked NOISE

BALANCE controls the coupling between Ly and L,; and serves to
adjust the amount of noise introduced into the receiver circuits from

the noise antenna. The coupling between L,; and Lys, and controlled
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by the NOISE ADJUST control, determines the phase relation of the
resultant noise voltage introduced into the receiver. The coupling
between Lo and Ly is adjusted to produce minimum noise (not neces-
sarily zero). L, is then varied to reduce the noise to zero, thereby
insuring that the phase of the noise fed by the separate antennas
results in cancelation.

(2) In radio receiver BC-312-C, screws and locknuts are used to
adjust the controls marked NOISE ADJUST and NOISE BAL-
ANCE.

l. Tube heater circuits.—Metal tubes of the heater type are em-
ployed in radio receiver BC-312. These tubes require a heater voltage
of approximately 6 volts per tube. To permit operation on a 12-volt
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Fia. 32.—Radio receivers BC-312 and BC-312-C, functional diagram of low-voltage circuits.

power supply system, these tubes are connected in a series-parallel
combination, with two tubes which require the same heater current .
connected in series, and then these pairs arranged in parallel. Tube
heaters are bypassed by C;; and C;. Actual heater connections are
shown in figures 17, 18, and 19.

m. Oscillator compartment heater circuit (BC-312 only) (fig. 32).—
In order to maintain the radio frequency oscillator at a constant
frequency for a given setting of its tuning capacitor, the entire circuit
is installed in a heat-insulated compartment. The use of electric
heaters and thermostats maintains this compartment at a constant
temperature of 110° F'. Rgs, Rsy, and Ry, are the heater elements for
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this chamber, the first two being connected in parallel and controlled
by the temperature control THS,. R, is cut out and into the circuit
by temperature control THS,. In series with this combination is the
switch SW;; (HEATERS OFF ON switch) which permits the heater
circuits to be manually controlled. Cg and Cy, are connected across
the contacts of temperature controls THS, and THS;, respectively,
to reduce interference caused by the opening and closing of the
contacts. The two temperature controls are adjusted to open at
109° F. and 111° F., respectively. These values have been selected
so that the temperature of 110° F. is maintained with the minimum
number of temperature control contact breaks. Of the total heater
capacity (49 watts with 14 volts input), 33 watts are used
between 109° F. and 111° F., and 49 watts at 109° F. and below.
When the temperature rises above 109° F., only 33 watts are applied
to the compartment. At and above 111° F., no heat is supplied.
On the reverse cycle, as the temperature falls below 111° F., 33 watts
are applied, slowing down the rate of temperature fall until 109° F.
is reached, at which time 49 watts are applied. A fuse marked
HEATERS, accessible on the front panel, protects the heater circuit.

n. Dial lamp circuit (figs. 19 and 32.)—Two dial lamps LM-27
(circuit symbols LM, and LM;) are connected in series across the
heater circuit in such a manner as to receive current through the
‘heater fuse and be turned off and on by the OFF MVC AVC switch
(BC-312). In radio receiver BC-312-C the dial lamps are connected
in series and controlled by the OFF MVC AVC switch. The fuse
marked LAMPS (circuit symbol F,) on the front panel protects this
circuit. ‘

o. The SEND REC switch—The SEND REC switch controls the
operation of a relay that shorts the input network of the receivers
B(C-312 and BC-312-C to ground at such times as the SEND REC
switch is turned to SEND and the transmitter is keyed. At such
times as no transmissions are intended, the SEND REC switch will
be turned to the REC position. The purpose of the relay shorting
function is to keep at a minimum the voltages built up in the receiver
circuits when the high energy signals from the transmitter are radiated
in close proximity to a receiver of the sensitivity of the BC-312 type.

p. Dynamotor DM-17-A and DM-21-B (figs. 33, 34, and 35).—
Dynamotor DM-17-A, operating on an input voltage of 12 to 14
volts, produces the necessary plate voltage for the receiver BC-312.
This dynamotor is secured to the underside of the chassis of the -
receiver. Under full load conditions, the dynamotor requires 2.7
amperes at 14 volts d. c., with an output of approximately 82 milli-
amperes at 230 volts d. ¢. (See fig. 33.) L, and C, constitute a filter
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circuit to prevent radiation of radio frequency interference into the
low-voltage supply circuit. Ly, Ls, and L,, together with capacitors

FILTER UNIT
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FI1GURE 33.—Dynamotor unit DM-17-A, functional diagram.
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F1GURE 34.—Dynamotor unit DM-21-B, with filter unit FL-6-B, schematic diagram.

C,, C;, and C,, constitute a combination audio frequency and radio
frequency filter circuit which reduces commutation ripple to a value
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FIGURE 35.—Dynamotor unit DM-17-A, interior view.

which will not be objectionable and also prevents radio frequency
interference from being transmitted by the dynamotor to the receiver
circuits. Dynamotor DM-21-B is similar to and performs the same
functions for the radio receiver BC-312-C (fig. 34). Under full load
. conditions, this dynamotor requires 3 amperes at 14 volts d. c., with
an output of approximately 90 milliamperes at 235 volts d. ¢. A
filter unit FL.-6-B prevents radiation of radio frequency interference
into the low-voltage supply circuit, and also acts as a combination
audio frequency and radio frequency filter circuit which reduces
commutator ripple to a value which will not be objectionable, and
also prevents radio frequency interference being transmitted by the
dynamotor to the receiver circuits. The filter unit FL—6-B is readily
removable in the case of DM-21-B. Dynamotor DM-21-B cannot
be used to replace DM—-17-A. (Circuit references in this paragraph
are not listed in paragraph 41.) :

Secrion IV
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382. Servicing.

Caution.—Care must be observed in servicing this radio equipment.
Using personnel will make only such repairs as are indicated in para-
graph 39. Servicing should be attempted only by competent person-
nel supplied with adequate test and repair equipment. An inex-
perienced operator, in attempting to locate and repair a minor trouble
which a competent man could service in a few moments, may damage
the equipment to such an extent as to require shipment to a depot for
repair.

33. Inspections.—a. Daily inspection.—The various components
of radio sets SCR-193-A, SCR-193-B, SCR-193-C, SCR-193-D,
and SCR-193-E will be given a thorough visual inspection before and
after each day’s operation to insure that the set is ready for use at any
time. This inspection includes examination of all cordage for proper
fastening and for damage. All accessible components are examined
for dirt and cleaned if necessary. At the end of a long period of
storage, this inspection also includes a check to see that the dynamotor
armatures revolve freely.

b. 60-hour inspection.—A thorough inspection of the complete
installation will be made after every 50 hours of operation. This
materially aids in securing uninterrupted performance in the field.
The procedure for this inspection is as follows:

(1) Check to see that the storage battery is at the proper specific
gravity and that the charging generator and regulator are adjusted
so as to keep the battery fully charged.

(2) Clean the accumulated dust and dirt from all units, using an
air hose or bellows, paying particular attention to the loading coil,
item 1170, in the antenna compartment of the radio transmitter.
Inspect the rotating coil, item 1167, in this compartment, and clean
the winding thoroughly with carbon tetrachloride and a clean cloth.
The rod (only) on which the wheel runs should be touched in several
places with oil dag to insure smooth operation.

Caution.—Do not leave a surplus of oil dag such that the wheel
and track surfaces will become contaminated by the lubricant.

(3) Make certain that all wiring is in place, that all mounting
brackets and supports are rigidly fastened, and that all nuts and
machine screws are supplied with lock washers and are tight.

(4) Determine that the cords are not damaged and that all ground
connections are secure.

(56) Inspect plugs for proper fit and sockets for compressed pin
springs. Pin springs which have taken a permanent set can usually
be restored by a very light hammer blow at the end of the pin.
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(6) Make certain that all cartridge fuses are held tightly in their
clips. A loosely held fuse should be removed and the clips bent by
hand until they grip the fuse tightly. Clean clips and fuse ends.
Clean all contact surfaces.

(7) Inspect the high voltage fuses by removal from the mounting.
Carefully clean all contact surfaces and replace the fuses.

(8) Inspect the antenna system for broken or frayed leads or loose
mast sections. Wipe the insulator clean. To prevent loosening and
loss of mast sections, joints should be covered with rubber tape. Make
sure that antenna leads have not been bent close to metalwork where
high antenna voltages might cause sparkovers.

(9) Inspect keys and microphones for defective cords and damaged
plugs.

(10) Inspect dynamotor brushes for length. To inspect the receiv-
ing dynamotor DM-17-A and DM-21-B, it is necessary to remove the
receiver chassis from its cabinet. Carefully place the chassis upside
down and face the panel. Remove the cover of the dynamotor com-
partment DM-17-A by loosening the two knurled thumbscrews
provided on the left-hand side and the two flathead screws on the
right-hand side of the dynamotor. The brush holders on both the
high and low voltage commutators will now be plainly visible, and
either set of brushes may be removed without employing tools. Their
removal is accomplished by stretching the helical springs and slowly
but carefully disengaging the curved sections of the two brush holders
from the posts in which they are engaged. Be careful not to break the
soldered pig-tail connections. If it is desired to withdraw the brushes
completely from the dynamotor, it will be necessary to unsolder the
pig-tail connections on the brush holders. Inspect the face of each
brush. It should show that at least 70 percent of the face of the brush
is making contact with the commutator. The brush face should show
no deep scratches or rough spots.

(11) Inspect both dynamotor commutators for cleanliness and for
excessive wear. :

(12) Rotate the dynamotor armature by hand, and make certain
that it turns freely and is not rubbing against the field poles or leads.
When the brushes have been removed, the armature should spin freely
onits bearings.

(13) Upon completion of an inspection, all plugs and sockets should
be completely reengaged and screwed down tightly. All tubes should
be inserted all the way into their corresponding sockets and grid-cap
connections, if any, firmly made. Chassis should be effectively locked
in their boxes by means of the locking catches on the front panels.

¢. Receiver vacuum tubes.—The vacuum tubes used in radio receiver

(¢!
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BC-312 and BC-312-C normally have an effective life of 2 to 3 years.
However, to insure best performance of the receiver, they should be
checked with an accurate tube checker. Tubes should be checked
particularly just prior to extended field maneuvers and those which do
not come up to maximum standards should be replaced. If no tube
checker is available, all tubes should be replaced annually, the receiver
carefully checked for performance, and circuits realined if necessary.

84. Lubrication.—Lubrication should be accomplished in accord-
ance with the chart below. Do not use excessive amounts of oil or
grease and do not allow electrical connections to become greasy. Excess
lubricant in dynamotors will tend to work out of bearing housings and
onto commutators, where it will cause trouble; it also may cause the
bearings to overheat. Make sure that lubricants and oilholes are
clean and free from sand, grit, or dirt. These abrasives are the chief
cause of bearing wear and the necessity for bearing replacement.
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85. Special adjustments to radio transmitters BC-191-A and
BC-191-C.—a. Auxiliary equipment.—The following auxiliary appa-
ratus should be used to adjust properly radio transmitter BC-191-A.
This auxiliary apparatus is not issued as a component of these sets
but must be obtained elsewhere.

(1) One frequency meter set SCR-211-A.

(2) One radio frequency ammeter (0—1 ampere full scale).

(3) One 100-micromicrofarad condenser, either fixed or variable,
capable of withstanding at least 2,500 or 5,000 volts d. c.

(4) Ome noninductive resistor of approximately 10 ohms, capable
of carrying one ampere.

~ Nore.—The condenser, resistor, and r. f. ammeter are connected in series,
and the combination connected between the antenna and ground binding posts of
the transmitter to form a dummy antenna load for the transmitter.

b. Neutralization.—Radio transmitters BC-191-A and BC-191-C
are adjusted for neutralization by the manufacturer and normally
will never require adjustment in the field. When necessary, neutral-
ization may be checked and adjusted as follows:

(1) Turn the transmitter OFF ON switch to the OFF position.

(2) Remove the tube compartment shield.

(3) Remove the power amplifier tube (VT-4-C) from its socket
and cover one and only one filament pin with a piece of paper and
replace the tube. (When the transmitter is turned on, the power
amplifier filament should not light.) .

(4) Connect the dummy antenna (see note in a above) in series
with the radio frequency ammeter to the transmitter.

(5) Place the TONE CW VOICE switch on CW.

(6) Set the MO TUNING and PA TUNING controls for the center
of the frequency band in accordance with data on the calibration
chart. (2,250 ke. when tuning unit TU-5-A is employed, or 3,750
ke. when tuning unit TU-6-A is employed.)

(7) Turn the transmitter OFF ON switch to the ON position.

(8) Tune the antenna circuit to resonance as prescribed in para-
graph 25b6(1)(l) to (o), inclusive, using the 0-1, r. f. ammeter in the
dummy antenna to provide the indication of resonance.

(9) Adjust the control marked PA TUNING until the 0-1, r. f.
ammeter in the dummy antenna circuit indicates & maximum current
in the dummy antenna.

(10) Remove the calibration chart by turning the four knurled
screws at the corners.

(11) Unlock the neutralizing capacitory lock by turning, with a
screw driver, the lock to the left one quarter turn.
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. (12) Rotate the neutralizing capacitory control until the current,
as read by the radio frequency ammeter in the dummy antenna, is
reduced to zero.

(13) Slightly readjust the antenna and power amplifier circuits
to be sure that they are on resonance. If the ammeter in the dummy
antenna shows an increased reading, repeat the operations (8)
through (12).

(14) Lock the final position of the neutralizing capacitor adjust-
ment, replace the calibration chart, and restore the transmitter for
normal operation. The tuning units will each be neutralized when
the neutralizing capacitor is approximately one-half engaged.

¢. Speech amplifier grid bias adjustment.—The grid bias on the
speech amplifier in radio transmitter BC-191-A is adjusted by the
manufacturer and seldom requires readjustment in the field. The
adjustment is not critical. Should the initial setting become dis-
placed, remove the tube compartment, and set the S. A. BIAS control
between 5 and 6.

d. Calibration reset.—The calibration of the transmitters should be
checked periodically, employing the frequency meter SCR-211-A for
the purpose. It is most important that the calibration be checked
whenever the master oscillator tube is changed. If the check indicates
that the transmitter varies more than 25 kilocycles from the frequency
indicated on the calibration chart, the oscillator frequency should be
adjusted as follows:

(1) Warm up the transmitter for at least 30 minutes, with the an-
tenna tuned for rated output, prior to adjusting.

(2) Set the frequency meter SCR-211-A to 3000 ke. when trans-
mitter tuning unit TU-5-A is used, or 4500 kc. when transmitter
tuning unit TU-6-A is used.

(3) Adjust the transmitter for operation on c. w. at a frequency of
3000 ke. or 4500 kc., as the case may be, as prescribed in paragraph
25b(1). Use data from the calibration chart for the setting on the
control MO TUNING, and approach this setting from the lower dial
readings. .

(4) Open the calibration reset port located to the right of the TEST
KEY (fig. 2), and with a screw driver, adjust the calibration reset
capacitor 1104 until the transmitter zero beats with the frequency
meter.

(5) Close the calibration reset port.

36. Normal current, resistance, and voltage readings.—The
following normal current, resistance, and voltage readings are furnished
for the information and guidance of servicing personnel. (The values

208642°—41— 6 81
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are approximate and will vary slightly with different sets and different
measuring equipments.

a. Current readings.—(1) The current consumptions of the receiver
and transmitter measured at the vehicular storage battery are listed
in (a) below. The voltages listed are measured at the battery.
Where the voltage supplied is 14.2 volts, the vehicular storage battery
generator is operating (vehicular motor running).

(a) Radio receivers BC-312 and BC-312-C.

(Current amperes)
Receiver Voltage (volts) -

Heaters off | Heaters on
) 4.2 7.4
BC-312. oo {14. 2 .. 4.6 81

12 L. 4 2
BC-312-C___._ ... {14. 9 T 46 } No heaters
(b) Radio transmitters BC-191-A and BC-191-C.
Current (amperes)
Battery voltage (volts) Total Filaments
i Tone and } Tone and
C.w. voice C.w. voice

142 __ L ___ 39. 4 56. 9 8.1 14.9

(2) The following table gives the current and voltage readings at
the terminals of the dynamotors BD-77-A and BD-77-B for three
values of load current.

Caution.—Do not operate this equipment with the high voltage
leads exposed.

Input Output
Volts Amperes Volts Milliamperes
14 _____ e 14 -15 1, 140-1, 160 0
4 oo 30 -32.5| 1,070-1, 090 220
14 .. 40. 5-43. 5 1, 025-1, 050 350

NoTe.—The input current above includes that taken by the starting relay.
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b. The normal woltage readings for radio receivers BC-312 and
B(C-312-C—The tables of voltages shown below are provided for the
information and guidance of servicing personnel. The readings are
made at the tube prongs using the set analyzer of test set I-56-A,
with an input voltage of 14 volts, the OFF MVC AVC switch in the
MYVC position, and the VOL control turned to maximum. For the
c. w. oscillator readings, the CW OSC OFF ON switch is in the ON
position. For all other readings this switch is in the OFF position.
Adapter FT-211 must be used when the set analyzer of test set
1-56—-A is employed for measurement on the two r. f. and first detector
tubes. The plug of the adapter is inserted into the tube socket and
its grid stud connected to the receiver grid clip. The socket end of
the adapter is connected to the get analyzer plug, and the grid clip
on the adapter is connected to the stud on the set analyzer plug.
Measurements are then made in the regular manner.

Voltages (volts)
Tube Fila- Cathode| Screen | Plate
ment to grid to to

ground | ground | ground
1st r. f. amplifier (VT-86)_____ _____.___ 6. 5 3.5 92 207
2d r. f. amplifier (VT-86)__________ __.. 6.5 3.3 82 217
1st detector (VT-87) - ____ . . ___.____ 6.5 2.5 77 217
1st i. f. amplifier (VT-86)___ .. .. ___.____ 6.5 3.6 94 215
2d i. f. amplifier (VT-86)____ .. __._.____. 6.5 3.7 97 217
C. w. oscillator (VT-65) .. _______._______ 6.5 | .. 100
Diode; 1st audio (VT-88)____ .. _____._. 6.5 6.7 [.___.__.__ 215
2d audio amplifier (VIT-66) . _______.____ 6.5 18. 5 222 212
Band A__.__.___ e 6.5 20 |--.__-._. 106
Band B______.___ .. _ | _. 15 |- 102
R.f. oscillator/Band C_______ . _______ | _._____ 12 | .. 104
(VT-65) Band D_______.___ . ____j.._.__.._ 0 |-_—_____ 98
Band E_________ . ____ | __. ____ 0 ... _. 95
Band F_________.______. S, 0 |- ..___ 97

¢. Normal resistance values for radio transmitters BC-191-A and
BC-191-C.—(1) General—Normal resistance values obtained by
point to ground measurements on the radio transmitters BC-191-A
and BC-191-C, in a satisfactory condition, are indicated below.
Use of these data in connection with similar measurements on faulty
equipment, combined with a logical circuit analysis, will frequently
disclose the source of trouble in inoperative or improperly operating
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transmitters. The readings were taken under the following conditions,
and similar conditions must be reproduced exactly if comparison
measurements on a faulty transmitter are to be effected.

(a) All tubes and cords are removed from the transmitter.

(6) The pilot light LM-27 is removed.

(¢) The CW TONE VOICE switch is set on VOICE.

(d) Tuning unit TU-5-A or TU-6-A is inserted.

(e) The OFF ON switch is in the ON position.

() A fuse FU-12 is in the active mounting.

(2) Measurements from tube sockets.—Tube socket connections,
from which the measurements shown below are made, are numbered
as shown in figure 36.

3— 2
X

—S/or
Front of socket shelf —" TL-2245

FI1GURE 36.—Transmitting vacuum tube socket pin locations.

Tube socket pin
1 2 3 4

Stage Tube

Speech amplifier.| VT-25 | 80 ohms__| 1 megohm| .2-203 megohm_|{ 1 ohm,
Master oscillator_| VT-4C | 1megohm.| 80 ohms._| .2075 megohm._| 0 ohm.
Power amplifier__| VT-4C | 1 megohm_| 80 ohms__| .21 megohm____| 0 ohm.
Modulator...____ VT-4C | 1megohm_| 80 ohms. | .203-.206 meg- | 0 ohm.
ohm.

(8) Measurements from cord sockets.—The socket pins from which
measurements of resistance to ground are made are identified by num-
ber as shown in figure 37. This figure represents the cord connecting
sockets for radio transmitters BC-191-A and BC-191-C as viewed
from the outside of the set. Sockets are easily identified by the
number and arrangement of the pins therein. Resistance measure-
ments from these socket pins to ground are indicated below.
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SO0-4/ for PL-6/

57 O\ :57
O./Tlacaf/'ﬂg Pin
46
‘ . Ci:}\se
55’@ S0-39 forPL-59 SO-54 forPL-74

8N N\ 7/
54 < 6/
53
AP s Q})
32 '
O‘/}\z €9 70
22 23
Localing Pin

2/ 34

33 Ti-2246
FI1GURE 37.—Cording socket pin nomenclature.

N

Q

9

8044 for PL~64 | S0-41for PL-61 |SO-54for PL= |50 39 for PL-59
Pin | Resistance to |Pin| Resistance to |Pin |Resistance|Pin| Resistance
No. ground Na. ground No. | to ground |No.| to ground

34 | 100 ohms..___ 45 | 85 ohms________ 68 | 0 ohm___.| 61 | 1 megohm.,
123 | 60-240ohms__| 46 | 85 ohms________ 69 | Oohm____|.___
23 | Open..______ 54 | 850ohms________ 70 | 120 ohms_|___.
24 | Oohm.__._____| 47 | Oohm._.___...___| 71 | 95 ohms__{_ ___
32{0obhm________ |53 | 0ohm__________| ___|_.__._____.. N
22 | Open.._.____. 56 | Oohmo.._______|_ ___|..______.. .
21 { Open.._.._.... 57 | Oohm__________|_ _._ | _.._.__._. R
32ohms._____.
61 ohms_____._
233 91 ohms. . 55 | .210 megohm____|____|---------- e
122 ohms_____

1 INPUT LEVEL set at 0 gives 240 ohms, and set at 10 gives 60 ohms with intermediate values of resist-
ance for other settings of the control.

1 Side tone adjustment (stepwise) values, keying relay manually operated.

0—Zero resistance.

37. Procedure in case of set failure.—a. Do not change fuses or
make repairs with the high voltage on. Failure of this radio equipment
to operate properly is usually due to worn, broken, or disconnected
cords, plugs or sockets, run-down storage battery, worn dynamotor
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brushes, defective fuses, or defective tubes. When set failure is
encountered, these items should be checked before initiating a detailed
check of component parts. If failure of both transmitter and receiver
occurs simultaneously, the trouble is usually in the primary power
source of leads connected thereto. If only one component fails to
operate, determine, if feasible, if it is receiving proper supply voltages.
This usually determines whether the trouble is inside or outside of
the component. Check fuses in the equipment at an early stage in
“trouble shooting.” Do not continue to burn out fuses before looking
elsewhere to determine the basic source of trouble.

b. When exposed to conditions of excessive humidity, failure to
operate properly may occur as the result of moisture accumulations
across insulators or insulating structures. Every precaution should
be taken to keep these installations moisture free.

Caution.—Many of the unit parts comprising these transmitters
and receivers are readily damaged by excessive or abrupt applica-
tions of heat. A free flow of warm air through a chassis will accom-
plish the desired drying in less time than the application of very warm
air without a free flow through and subsequently out of a chassis.

38. Locating trouble.—The following causes of set trouble may
be present in the event that the component fails to function properly:

a. Radio receivers BC-312 and BC-312-C.

Symptom Caiise

(1) No filament voltage____| Poor battery.

Open power lead.

Short circuited power lead.

Poor plug contact.

Burned-out fuse.

Burned-out tube filament.

Damaged bypass capacitor.

Loose connection inside of the receiver.
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The first five of the above causes should be checked before removing
the receiver chassis from its cabinet.

Symptom Cause

(2) No plate voltage_ .. __. Poor battery.

Open or shorted cord.

Poor plug contact.

Burned-out fuse.

Defective dynamotor.

Defective filter.!

Loose connection inside of the receiver.
Shorted bypass capacitor.

Open resistor.

1 To check, remove the brush lead from terminal 2 of dynamotor terminal strip (see fig. 35) and check the
actual brush voltage. If normal (or high) voltage is read, connect the brush lead to the lead removed from
the terminal B. If receiver operates, the fllter is damaged.

The first four of the above causes should be checked before removing
the receiver chassis from its cabinet.

Symptom Cause

(3 No audio frequency | Headset plug not completely inserted in jack.
output. Defective headset, headset plug, or headset cord.

Defective tube.?

Loose connections inside of the receiver.

Damaged capacitor.

Damaged resistor.

Defective jack insulation.

Breakdown on r. f. coils, leads, or switches.

Defective band-change switch.

1 Tubes used in these receivers should be checked with the tube checkers of test set I-56-A at least once a
year. If found serviceable, they should be replaced in the identical sockets of the same receiver from which
they were removed.
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The first two causes should be checked before removing the receiver
chassis from its cabinet. The last two causes will be indicated by
lack of signal audio output, although some audio noise output is

present.

Symptom

Cause

(4) No change in intensity of noise
level when SEND REC
switch is on SEND position
and the transmitter is being
keyed.

(5) Erratic noise in receiver._____

Antenna relay inoperative.

Defective headset or headset cord.

Defective dynamotor.

Temperature controls chattering (BC-312
only).3

Antenna relay chattering.

Dust or dirt in the receiver.

A loose connection in the receiver.

Defective tube.

Defective capacitor or resistor in receiver.

3 This cause of trouble may be located or eliminated by operation of the HEATERS OFF ON switch

and is found only in the BC-312.

The first possible cause of trouble should be checked before removing
the receiver chassis from its cabinet.

Symptom

Cause

(6) A. c. ripple in output________
(7) Ignition noise__________ .

(8) Frequency calibration off_____

Defective filter choke.
Defective filter capacitor.
Defective dynamotor.
Defective chassis grounding.
Defective noise antenna.
Defective vehicle bonding.
Improper alinement.*

4 See paragraph 39.
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Symptom

Cause

(9) Lack of sénsitiyity ___________

Improper alinement.
Worn out tubes.

¢ See paragraph 39.

b. Radio transmitters BC-191-A and BC-191-C.

Symptom

Cause

(1) No filament voltage..________

(2) No plate current_____________

(3) Nor.f.output____.._.______

Poor battery.

Open power lead.

Short-circuited power lead.

Defective TONE CW VOICE switch.

Poor plug contact.

Burned-out fuse.

Damaged bypass capacitor.

Dynamotor starting relay not functioning
properly.

Loose connection inside of the transmitter.

Open interlock.

Poor battery.

Open or shorted cord.

Poor plug contact.

Burned-out fuse.

Defective dynamotor.

Loose connection inside of the transmitter.

Shorted bypass capacitor.

Open resistor.

Damaged choke coil.

Damaged master oscillator or power ampli-
fier tubes. '

Damagcd choke coil.

Damaged coupling capacitor.

No plate voltage.

Excessive bias voltage, open grid.

Output terminal strip not properly ocon- -
nected.

Damaged antenna ammeter.

Inoperative antenna switching relay and
contacts.

Defective TONE CW VOICE switch.
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Symptom Cause
(4) Novoicemodulation___._____ Damaged speech amplifier ormodulator tubes.
Improper modulator bias. -~

Defective speech amplifier bias.

Microphone plug not properly in jack.

Bad plug contacts.

Defective microphone.

Defective microphone cord.

Defective microphone filter circuit.

Damaged transformers.

Open resistor.

(5) No tone modulation_______._ Damaged speech amplifier or modulator
tubes.

Improper modulator bias.

Defective speech amplifier bias.

‘ Defective TONE CW VOICE switch.

Damaged resonating capacitors.

Defective transformers.

Open resistor.

(6) Nosidetone____...._._____. Damaged transformer.

Open resistor.

Damaged speech amplifier tube.

Damaged microphone or microphone circuits.

Bad plug connections.

Damaged resonating capacitors.

Note.—The bias voltages for the modulator tubes and the speech amplifier
tube are derived from the grid resistor system of the power amplifier tube, and
anything which will affect the proper operation of the power amplifier tube grid
bias will affect the biasing of the audio frequency stages.

39. Repairs.—Repairs other than the following will not be
attempted by using personnel unless specifically authorized under the
provision of Appendix C, Signal Corps General Catalog:

a. Cords.—Cords may become defective because of an open circuit
in one or more conductors, a short circuit between two or more con-
ductors, or between any conductor and ground. These defects most
frequently occur at the point of attachment of the cord to its corre-

- sponding. plug. These points should be examined and where possible
necessary repairs made. In the event that the damage occurs any
great distance from either end of the cord, it is normally impossible to
make 8 serviceable permanent repair of the cord. A new cord should
be obtained and installed. However, in an emergency, the defective
portion of the cord may be cut out and jumpers used to restore the
necessary circuits until a new cord can be obtained. Cords CD-261
and CD-262 are concentric transmission lines each consisting of flex-
ible shielded conduit containing an inner conductor supported by a
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series of spaced insulating beads. These cords may be damaged by
crushing or bending sharply. If it is found necessary to attach a ter-
minating fitting or a concentric transmission line, before cutting the
shield or conductor to length, the shield should be forced to its short-
est length, and the conductor should be pulled tightly to straighten
out any kinks. Temporary repair may sometimes be made by careful
shaping to hold the inner conductor away from the outer shield. If
these cords have been badly damaged, and the conductor cannot be
straightened, they should be replaced as soon as practicable.

b. Headsets.—The failure of a headset to operate properly is usually
due to a defective cord or plug which may be reparable. However, if
the damage is within the phones, a new headset should be secured and
the defective unit shipped to the proper agency for repair.

¢. Dynamotors DM-17-A and DM-21-A.—Normally, if these
dynamotors have become defective, they should be removed and
replaced. Replacements are obtained through the usual channels.
The replacement of brushes, turning down of commutators, freeing of
bearings, and all repairing of defective receiver dynamotors is done
at Signal Corps repair shops or Signal Corps radio sections at air
“ depots. In event the dynamotor cannot be replaced, or where an
emergency requires it, local repairs are allowable. WHhere local
repairs are made, careful sanding-in of new brushes to fit the com-
mutator, proper spring adjustment, and a running-in period are
necessary to insure quiet receiver operation. If results following
local replacement of brushes are unsatisfactory, the dynamotor should
be returned to a depot for overhaul when it can best be spared. Com-
mutators not unduly worn may be cleaned by using a fine grade of
sandpaper and/or wiping off thoroughly with carbon tetrachloride.
If the bearings are not damaged, but merely need freeing, a drop of
light oil is added to each. If the trouble is due to an open or short-
circuited winding, grooved commutators, or some other serious defect,
the dynamotor should be replaced.

d. Dynamotor units BD-77-A and BD-77-B.—The probable causes
of trouble in these units are loose or defective brushes, locked or
damaged bearings, dirty or undercut commutator, open or short-
circuited windings. These should all be checked and treated in tho
same manner as described in ¢ above.

SecTioN V

LISTS OF PARTS

Paragraph
Components, weights, and dimensions____ . ___ .. ______________________ 40
Replaceable parts. . . .. oa-- 41
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RADIO SETS SCR—193—A, ETC. 41

b. Radio receiver BC-312-C.—Replaceable parts of the radio re-
ceiver BC-312-C are identical with those parts listed in @ above for
the receiver BC-312 except as noted in (1), (2), and (3) below.

(1) Additions—The following item is added in parallel with Rs;
Rss; 3Z4623; resistor RS-223; wire-wound, insulated; 2,000 ohms, 1
watt; cathode bias, 2d audio.

(2) Deletions.—The following items are not used: capacitors Cy,
Cso, Coo, Co1, Coz, Cos; resistors Ryg, Ryg; switch SWy3; and thermostats
THS,, THS.. Resistor Ry, the heater resistor of the BC-312, is not
used as such. The resistor designated as Ry in the BC-312-C is
actually a plate loading resistor in the 1st i. f. stage.
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BY ORDER OF THE SECRETARY OF WAR:
G. C. MARSHALL,

. Chref of Staff.
OFFICIAL:
E. S. ADAMS,
Magjor General,
The Adjutant General.
DisTRIBUTION: _
B@3); R2,6(10);IBn2,6 (3); C 11 (2);IC 2, 6, 11 (5).
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