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1. General.—The SCR-134 set is an aircraft radio set intended for use on
observation airplanes. The set is designed for radiotelephone communication
with radio stations on the ground up to a distance of 30 miles. Tone-modulated
telegraph and C. W. telegraph can also be used, providing a greater distance
range. The wave-frequency range is 400 to 850 kilocycles (350 to 750 meters).
The set includes a receiver to be installed in the plane for the purpose of
receiving signals from other airplanes or ground stations. (See par. 17.)

2. Parts.—A dynamotor unit, type BD-41, is connected to the 12-volt storage
battery forming part of the central power plant of the airplane. The 750-volg
power generated by the dynamotor supplies the plate circuit of radio trans.
mitter, BC-114, the filament circuit being supplied from the 12-volt line. The

radio transmitter, BC-114, contains all of the radio circuits except the antenna
34263°—29 1
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tuning inductance and ammeter, which are located in the radio control box,
BC-119. The control box is the only part of the transmitting equipment which
is installed in the airplane rear cockpit, and therefore is the only part acces-
sible to the observer who operates the set. All multiconductor cables are cou-
nected by means of specially designed plugs, as indicated in Figure 1.
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Ficunrr 1.—Cording diagram for type SCR-134

3. Dynamotor unit, BD—41.—This unit consists of dynamotor, DM-13-B, and
attached auxiliary parts as explained below. Dynamotor, type DM—13-B, includes
a motor operating from 12 volts and a generator developing 750 volts undenr
load. A panel is mounted above the dynamotor, carrying a relay for con-
trolling the 12-volt supply to the dynamotor and the radio transmitter filament
circuit. A large 6-point plug and socket provide for connection of 6-conductor
cord connecting to the radio transmitter, BC-114, A view of the dynamotor
unit is shown in Figure 2. The dynamotor unit, not including plug, measures
1114 inches high, 9 inches long, and 7% Inches wide, and weighs 27 pounds.
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F1GURE 2,—Dynamotor unit, type BD-41

4. Radio transmitter, BC—114.—a. The radio apparatus in radio transmitter,
BC-114, is mounted either on the bakelite panel or supported by a metal frame
attached to the back of the panel. The panel with attached frame and ap-
paratus is removed from the wood box by turning the handles of the panel
locks upward, pulling the panel forward by means of the handles of the panel
locks, and then lifting the panel off the pivots attached to the wood box. The
tube shelf is attached rigidly to the supports as the rubber shock-absorber cord,
used to suspend the radio transmitter within- the airplane, provides sufficiently
against vibration and jars. Three VI4 tubes and one VT-2 tube are placed
in the sockets mounted on the tube shelf. Sockets are mounted on the panel to
receive the plugs of cords connecting to other parts of the radio set. The radio
transmitter, not including plugs, measures 18 inches wide, including eyes, 14%
inches high, and 834 inches deep, and weighs 2514 pounds witl;out tubes or
plugs.

»
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b. Views of the radio transmitter are shown in Figures 3 and 4. The appara-
tus legend is the same as used in the circuit diagrams shown later in this
pamphlet. :

IFicure 3.—Rudio transmitter, BC-114. I‘ront view, sbowing ‘plﬁgs inserted
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Eictm'n.'m"—nadio‘ transm'it'ter ty.pe, BC—l_li. - Inside view

.-APPARATUS LEGENDV

A =D. C, milliammeter, 0: to aOO millnmperes
C1=4,000 m. m, f, condenser.’
C€;=2,500 m. m. f. condenser.' S
C;=1,500 m. m, £ ‘condenser.. -
C;=500 m. m. f. ‘condenser,
Cs=5,000 m, m. £, condenser.
Cs=500 m. m. f. condenser.
R, =0.36-ohm resistance.
R.=2.7-ohm resistance.
=500-ohm resistance.
R4==20,000-ohm resistance.
R:=15,000-ohm resistance, tapped at 2,500 ohms.
Rg=0.5-megohm resistance.
R;=15,000-0ohm resistance.
R«=10,000-ohm resistance.
T; =Modulation transformer, type C-55.
T,==Voice-amplifying transformer, type C-50.
Ty;=Microphone transformer, type C-51,
T,=Antenna transformer. ’
L;=0scillating variometer.
Ls=Choke coll, type C-58.
M =Motor alternator, type GN-33.
S =Field rheostat.
8; =Modulation control switch.
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5. Radio control box, BC—119.—a. The antenna tuning cireuit is contained
in the radio control box which is mounted within reach of the observer. On
the panel are mounted an antenna current thermoammeter, the inductance tap
switch and variometer adjustment knob. The transmit-receive switch is
mounted conveniently for-the use of the operator. The control box, not includ-
ing plugs, measures 614 inches wide, 7% inches high, including switch handle,
and 63 inches deep, including knobs on front, and weighs 5 pounds.

b. Views of the control box are shown in Figures 5 and 6.

' _RL-P-I581

Frgurne 5.—Control box, type BC-119., Iront view

g‘"’"“‘:
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FiURE 6.—Control box, type BC-119. ”Inside view



TR 1210-5

6-7 AIRPLANE RADIO SET AND RECEIVING EQUIPMENT

SecrioNn IX

INSTALLATION, OPERATION, AND CARE OF TRANSMITTING EQUIP-
MENT

Paragraph
Installation . o e ————
Operation and care o o

-1 &

6. Installation.—Detailed instructions for the installation of the radio set .
in various types .of planes, including description of trailing wire antenna to be
used, will be issued from time to timne by the Air Corps. The cording diagram
of the SCR-134 radio set is shown in Figure 1. The various types of multi-
conductor cable required in wiring the SCR-134 set according to Figure 1 are
called for in the parts list, The conductors are to be carefully soldered to
copper terminals, Belden code “ Nabob.” The ends of the terminals are to be
firmly pressed around the rubber insulation so that no bending can occur
where the bared conductor is soldered to the terminal. If the terminals are
found to work loose under the fasteninw screw of the plug contact stud, the
terminals may be sweated to the plug contact studs or small lock washers
may Dbe pumded The vauous,conductors must be carefully identified at
the two euds of the cable; using a buzzer, head set, or other convenient means,
in order that a conducbor may connect to the same numbered plug contact stud
at each emd The single-conduictor wire W-65 is to be provided with the Delco
terminals' No. 20953. The end of the ternunal is to be formed around the
rubber insulation -and then securely bound to the insulation by means of heavy
thread, afferwalds varnished to prevent sllppmg '

7. Opera’cmn and care.~~a. The only parts of the radio set which are accessi-
ble to the opela_tm during flight are the radlo control box and the receiving
tuner. All power to the radio set is cut off when _the transmit-receive switch
is on “Off.” Throwing the switch to “Transmit” causes the relay on the
dynamotor unit to close, starting up the dynamotor and lighting the transmit-
ting tube!filaments. When the switch is thrown to “Receive” the receiving
tubes are’ lighted. As the BC-114 radio transmitter is not accessible to the
operator during flight, all adjustments thereon must be made before leaving
the ground. The pointer on the shaft of the master oscillator variometer should
be turnedito ‘the wave frequency desired and the setting fixed by means of the
locking device. The switch on the transmitter panel should be turned to
C. W. telegraph, tone telegraph, or telephone, as desired. If tone telegraph
is to be used, the switch, marked ‘Tone control” should be turned to the
desired tone. Tone “X1” has the highest pitch. Before leaving the ground the
radio set;should be tested by connecting a dummy antenna consisting of a
capacity of 250 m. m. f. and a noninductive resistance of 4 ohms between the
“Antenna ” binding post on the underside of the control box and the ground
connection to the plane. The transmit-receive switch should be thrown to
“Transmit ” and the inductance switch on the control box turned to the proper
wave-frequency range, Then, if using telephone, the antenna variometer ad-
justinent can be turned slowly until maximum reading of the antenna current
anuneter is obtained. When a loud note is sung into the microphone the
anfenna current should inerease slightly, indicating that the set is modulating
properly. If tone telegraph or C. W. telegraph is used, it is necessary to hold
down the key during-the tuning of the antenna circuit. With the set properly
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tuned and the key held down, the antenna current should increase slightly when
the switch on the radio transmitter is turned from C. W. telegraph to tone
telegraph, indicating that proper modulation is being obtained. The test thus
made determineg whether the radio transmitting equipment is operating prop-
erly. The antenna {uning adjustment used is not suitable when using the
airplane trailing wire antenna, and therefore the antenna circuit must be
carefully tuned again when the airplane is in the air.

b. When the airplane has attained sufficient altitude, the trailing wire antenna
is let out by means of the antenna reel. With the airplane flying a straight
course at normal speed, the transmit-receive switch should be thrown to
A Transmit,” which will start the dynamotor unit, BD—41, and light the filaments
in the radio transmitter, BC-114. Then, if using telephone, turn the inductance
switch on the control box to the proper wave-frequency range and carefully
adjust the antenna variometer until maximum rending of the antenna current
ammeter is obtained. If tone or (&, W. telegraph is being used, it is necessary to
hold the telegraph sending key closed during this tuning process. The operator
throws the transmit-receive switch to “ Receive” to connect the antenna to the
receiving equipment and light the receiver tube filaments.

34263°—29——2
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SectTOoN III

PRINCIPLES EMBODIED IN TRANSMITTING LQUIPMENT

Paragraph
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8. Dynamotor unit, BD—41.—Circuit diagram of the dynamotor unit is shown
in Iigure 7. The motor of the dynamotor and the filament circuit of the radio
set are supplied from the 12-volt storage battery forming part of the central

&
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CIRCUIT DIAGRAM

DYNAMOTOR UNIT TYPE BD-4I

APPARATUS LEGEND
D DYNAMOTOR
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S MAGNETIC SWITCH
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FieurB 7

power plant on the airplane. The motor is started by the closing of the relay
mounted on the panel above the dynamotor. The relay contacts also close the
filament current supply circuit. The relay winding is controlled by the trans-
mit-receive switch in the radio control box. The field winding of the motor
also supplies the excitation for the high-voltage generator. A 2 m. f. condenser
ig connected across the high-voltage armature for the purpose of smoothing
out variations in output due to commutation, and to protect the armature from
high-voltage surges obtained due to modulation of the radio transmitter. The
high-voltage generator supplies the plate current for all the tubes.

10
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9. Radio transmitter, BC-114.—Circuit dingram of the radio transmitter is
<hown in Iigure 8 - A complete schematic diagram of the trabsmitting equip-
ment is shown in Figure 9. The apparatus legend is the same as used for the
other diagrams and photographs in this pamphlet.
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RADIO TRANSMITTER TYPE BC-1l4

ILL ATOR AMPLIFIER MODUL ATOR VOICE AMPLIFIER
gsgnLe VT-4 . ANTENNA VT4 vT-2
. TO CONTROL BOX:
| dle
[ 2
—.L. 4 3 R
gt R R \
XY == Y

C; ] I'IJ'IJ",-?'3 ) "r Tz 5=
1 z
TC RG 2Rs Cs| [s]
jlc E
1 4 ||
ey I_l nd | @

L —J
¢ T Ce | "Re K

TO POWER SUPPLY

A DCMILLIAMETER OTO
500 MILLIAMPERES

Ci 4,000 M.M.F. CONDENSER

Cz 2,500 M.M.F. CONDENSER

C3 1,500 MMF CONDENSER

Ca 500 M.M.F. CONDENSER

Cs 5,000 MMF CONDENSER "

s 500 M.MF.CONDENSER
36% RESISTANCE
Rg 7w RESISTANCE
Rs 500% RESISTANCE
R4 20,000% RESISTANCE
Rs 15,000% RESISTANCE
TAPPED AT 2500%
Re 05 MEG. RESISTANCE
TYPE RS-1
R7 5,000 RESISTANCE
Ra 10,000 RESISTANCE

APPARATUS LEGEND ™ ¢ 8%

P
GROUND

KEY‘RELAY

,2,3,4,5,6,7,8 &9 MODULATION
) SWITCH

T, MODULATION TRANSFORMER"
TYPE C-55.

Tz YOICE AMPLIFYING TRANS=
FORMER.TYPE C~50

T3 MICROPHONE TR’ANSFORMER
TYPE C~51 .

T4 ANTENNA TRANSFORMER

L) OSCILLATING VARIOMETER

Lz CHOKE COIL TYPE C-58

Py ONE POINT PLUG SOCKET

P2 LARGE SIX POINT PLUG SOCKET

P3SMALL SIX POINT PLUG SOCKET

M MOTOR ALTERNATOR
TYPE GN-33 _.

S FIELD RHEOSTAT

ricurp 8

11



TR 1210-5

9-10 AIRPLANE RADIO SET AND RECEIVING EQUIPMENT
VT-4 MASTER Vi-4 POWER : VT-4 VT-2 VOIKCE
OSCILLATOR AMPLIFIER T I MODULATOR AMPLIFIER

5 ] |
F age |
53 l
|
B A . 2 sm St

3

| = 60V

i A %“i

: || pemee | .
- : CIRCUIT o . A »
- i e
Re
- afevls  save H
- ;
L "DM13-5 t
=
ﬁl i
I
= 5 !
KEY Ze |
{ {
o {
l ' ALr 28y

+5 ey ¢~ ]

Ficurp 9.—Schematie circuit diagram, BC-114

10. Master oscillator.—ae. The master oscillator power-amplifier circuit is
used. The master oscillator is a Colpitt’s type circuit formed by condensers
Ci, Cs, Cs, and variometer inductance Li;. The condenser C; is a blocking con-
denser to keep the direct plate current from the tube grid. The radio-frequency
chokg coil L. prevents the short circuit of the radio-frequency voltage through
the plate voltage generator to the filament. The large grid leak resistance Rs
operates with the grid condenser C; to provide a negative grid biasing voltage
by accumulative rectification of the radio-frequency energy since the grid takes

current during only the positive half of the cycle. ' The plate ratio capacity

Cz, Cs, is divided in order that the smaller voitage across C; may be used for
the excitation of the grid circuit of the power-amplifier tube. i

b. The power-awnplifier tube has the grid civeciuiit excited by the radio-frequency
voltage supplied by the master oscillator. The radio-frequency voltage is ampli-
fied by the tube so that the plate current has a large radio-frequency com-
ponent, This radio-frequency energy is transferred to the antenna circuit by
means of the antenna or output transformer T: The primary (plate) winding
consists of a large inductance so designed as to offer large reactance to the
radio-frequency current over the wave-frequency band covered by the radio
transmitter. This prevents the power amplifier obtaining excessive plate current
when the antenna circuit is detuned. The secondary (antenna) winding con-
gists of a small number of turns, so that the small radio-frequency current and
large voltage operating through the tube plate to filament impedance are
stepped down to a large radio-frequency current and small voltage which are
more suitable for supplying current to the low-resistance antenna. The antenna
circuit is tuned to resonance by means of the tapped inductance and variometer
in the radio-control box in order to obtain maximum antenna current as indi-
cated by radio-frequency ammeter on the radio-control box.

¢. The resistance Rs in the grid circuit of the power-amplifier tube is for the
purpose of reducing the grid current flowing in the power-amplifier tube during

12
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the positive half cycle. Otherwise this grid current is particularly large during
the interval due to the plate audio modulation when the effective plate voltage
is low. This varying load on the master oscillator circuit changes the wave
frequency slightly, which is objectionable. The grid of the power-amplifier
tube is kept at a negative bias potential by means of the accumulative rectifica-
tion in the grid circuit of the radio-frequency excitation provided by the master
oscillator. Condenser C. acts as the grid condenser and resistance Rs acts as
the grid leak in this case. The resistance Rs is tapped so that part of the nega-
tive potential built up across it may be used for negative biasing the grids of
the voice amplifier and modulator tubes. The plate current for the power-
amplifier tube is supplied through the modulation transformer T:i. The con-
denser Cs provides a low reactance by-pass <o that the radio-frequency component
of plate current need not pass through the modulation transformer.

11. Keying.—The resistance R: is connected between the negative side of the
750-volt generator and the filament circuit, so all plate current drawn passes
through this resistance when connected for telegraph operation with key open.
The plate current causes a. large negative voltage to be set up across this re-
sistance which is impressed upon all the grid circuits, reducing the total plate
current to a very small value, When the key is closed to send a dot or dash,
the resistance is short-circuited and the plate current quickly reaches normal
value. By this means the oscillations reach. large amplitude with key closed
and drop to zero with key open. 7This method of keying is used for both C. W. .
telegraph and tone-modulated telegraph. For telephone operation, the resistance
is short-circuited by the three-position switch 8. on the radio-transmitter panel.

12, Sources of modulation.—a. The high-ratio transformer T: has an alter-
nating-current voltage impressed on the primary which is stepped up by the
transformer and then impressed on the grid of the speech-amplifier tube. Ior
tone-modulated telegraph the alternating-current voltage is generated by a motor
alternator GN-33, the motor of which is connected across the 12-volt circuit.
A variable resistance is contained in the motor field circuit in order that the
speed may be varied, controlling the frequency generated in the.nltcrnnlzing-
current windings. By this meaus various pitch tones can be obtained. This is
useful when a number of the sets operating on nearly the same wave frequency
are within receiving range. It will be noted that the tone modulation is supplied
steadily and that keying is effected by controliing the plate current, the same as
for C. W. telegraph. Ior teleplione operation the motor alternator is replaced
as a source of alternating current by a microphone. Power is obtained for the
microphone circuit by utilizing the drop across the VI-2 voice-amplifier tube.
The microphone T-11 is equipped with the open circuiting switch mounted on
the gtem. The secondary of the step-up transformer Th has connected across il
a leak type resistance Ry, which serves to improve the modulation and prevent
grid blocking, especially if the grid is caused to go positive by excessive modula-
tion. A steady megative biasing potential is supplied the voice-amplifier tube
grid by utilizing part of the voltage developed across the resistance R;, as
explained previously.

b. The audio-frequeney voltage on the voice-amplifier grid is repeated in tho
plate circuit in amplified form. This plate current is supplied from the 750-volt
dynamotor armature and is therefore passed thirough the resistance Rs in order
to reduce the effective voltage to a suitable value for the VI-2 tube. The plate
circuit also contains the primary of the onc-to-one ratio transformer T, which

13
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{ransfers 1he audio-frequency veltage to the grid cireuit of the V-4 modulator
{fube. A steady negative biasing potential is supplied the modulator tube grid
by utilizing part of the voltage developed across the resistance Rs, as previously
explained. :
13. Side-tone circuit.—The quality and presence of modulation so far in the
* eircuit are assured the operator by hearing his own gignal by means of the side-
tone circuit provided. This connects the modulator grid through the telephone
head set plugged into the radio control box, completing the circuit through the
60-volt receiver-plate battery to the receiver ground connection, The side-tone
circuit contains the condenser Cs in order to block any direct-current flow, and
also to moderate the volume of side tone so as to be suitable for the head set.
14. Modulation of radio-frequency output.—a. The audio-frequency voltage
on the modulator grid is repeated in the plate circuit in amplified form. This
plate circuit is supplied from the 750-volt dynamotor armature, the plate current
passing through one winding of transformer T.. This is a special low-reluctance
core transformer, having 1,375 turns between terminals 1 and 2 and 1,750 turns
between terminals 3 and 4. The two windings are connected in opposition so
that the magnetic flux set up by one winding approximnately neutralizeg the flux
set up by the other winding. This design prevents magnetic saturation of the
core, enabling a smaller size and lighter weight core to be used. When the
audio-frequency component of plate current to the modulator tube increases, the
transformer T: has a voltage induced in the power-amplifier plate winding so
that the plate current to this tube also increases. The audio-frequency modu-
lation therefore causes the power-amplifier and modulator plate currents to
increase and descrease together, following the wave forin of the original modu-
lation, The radio transmitter is so designed that the radio-frequency output of
the power amplifier is directly proportional to its effective plate voltage -(or
current). The audio variations in the plate current cause corresponding varia-

tions in the radio-frequency output, effecting the desired audio-frequency
modulation of the radio-frequency wave,

b. The filament circuits of all the tubes are supplied in parallel from the:

12-volt line. Individual resistances fix the filament current at the proper values
for VI'4 and VT-2 tubes. The voltage supplied to the set is about 11 volts, 1
volt approximately being required for the potential drop in the power-supply
leads.

15. Radio control box, BC-119.—Circuit diagram of the radio control box
is shown in Figure 10. The transmit-receive switch connects the antenna either
to the radio transmitter or receiver. The antenna transmitting circuit in the
control box includes a large tapped inductance with n variometer in series,
permitting fine adjustinent of tuning between the taps of the large inductance.
‘he antenna current thermoammeter is connected on the low-voltage side of
the inductance. The transmit-receive switch when thrown to transmit closes.
the dynamotor unit relay winding circuit, causing the relay contacts to close,
which in turn starts up the dynamotor and closes the transinitter filament.

circuit. The transmit-receive switch when thrown to receive closes the receiver
filament circuit,

14
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CIRCUIT DIAGRAM
RADIO CONTROL BOX TYPE BC-119
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SEcTION 1V

PARTS LIST FOR AIRPLANE RADIOTELEPHONE AND TELEGRAPH
SET, TYPE SCR-134

Paragraph
___________________________________________________________________ 16

16. Parts list.

Parts Jist

in‘f‘; | Unit Material

Radio transmitter, type BC-114,

Tubes, type VT-4B; 3 in use, 3 spare.

Tubes, type VT-2; 1 in use, 1 spare.

Radio control box, type BC-119.

Ileadset, type FIS-15.

Transmitter, type T-11, microphone.

Keys, type J-6—-A.

Radio-receiving tuner, type BC-115.

Radlo-audio-frequency amplifier, type BC-116-A.

Plug, type PL~11.

Terminals, type TM-50.

Tubes, type VT-5; 8 in use, 8 spare.

Battories, typo BA-2; 3 in use, 6 sparo.

Battery box, type B3C-128.

Cord, type CO-100, 2-conductor No. 18.

Cord, type C0O-102, 4-conductor No. 18. .
Cord, type CO-110, 6-conductor No. 18, shielded.

Cord, type CO-111, 2-conductor No. 10, 4-conductor No. 18, shislded.
Wire, type W-65, single-conductor.

Terminal, type TM-92 (positive terininal (lug).

Terminal, type TM-93 (negative terminal (lug)).

Tubing, rubber, grade A, Y-inch inside diameter, {s-inch wall.
Sleeves, tinned copper, receiver storage hattery cord.

Terminals, type TM~94 (Delco No. 20953 or approved equivalent).
Terminals, type TM-95 (Belden “Nabob” or approved equivalent).
.| Dynamotor unit, type BD-41.

Batteries, type BB—4, 4-volt; 1 in use, 2 spare.

Druins, type DR-2; 1 in use, 1 spare.

FPair-leads, type F-5; 1in use, 1 spare.

Reel, type RT~2,

Twine, type RP-11.

Weights, type WT-1; 1 in use, 9 spare.

Wire, type W-5.

RO et B e it D) D

—
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SO

3, 000

t Cords will be issued in Iong lengths and cut for exact requirements at time of installation.

NoTte.—The 12-volt storage battery for operating the radio transmitter, and the 2-conductor No. 6 B. & S.
twin-conductor cable connecting to the dynamotor unit will be provided by the Air Corps.

SECTION V

DIISCRIPTION OF RECEIVING EQUIPMENT

Pavagraph
General oo ey 17
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Radio-recelving tuner; BOSIIS . o mne ccwre v e s o0 o0 19
Radio-audio-frequency amplifier, BC-116 . e 20
Battery box; type BC-128cu oo cemmar crnnanonrcomnomcnmess momemns Do oo 21

17. General.—The wave-frequency range of the receiving equipment is 250 to
1,500 Kkiloeyeles (200 to 1,200 meters). The receiver is of the superheterodyne
type and provides for telephone and I. C. W. telegraph reception, but not for
C. W. telegraph. '

18. Parts.—A 4-volt storage battery is provided for supplying the filament
circeuit. The plate battery is 3 BA-2 batleries in series (60-V), con{ained in a
BC-128 battery box. The anteuna lead connects to the receiving tuner, which
contains an antenna tuning system and a separate heterodyne circuit. The com-

16
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bined wave frequencies of the signal and the heterodyne are carried to the ampli-
fier unit, where proper rectification and radio and audio frequency amplification
are obtained. The receiving tuner is the only part of the receiving equipment
which is installed in the rear cockpit; and which is therefore accessible to the
observer who operates the set. The filament rheostat controlling all the receiv-
ing-tube filaments is therefore located on the tuner panel, The headset connec-
tion to the amplifier is made through cord connection to the radio control box,
which is also installed in the rear cockpit. The send-receive switch is part of
this radio control box. All parts of the receiving equipment are connected
with multiconductor cords terminated with specially designed plugs as indi-
cated in Figure 1.

19, Radio-receiving tuner, BC~115.—a. Two sides of the receiving tuner are
bakelite panels. The other four sides are covered by the wood box. The
receiving tuner is 6% inches wide, 73 inches high (including tube shield), and
5% inches deep (including binding posts). The tuner weighs 5 pounds without
plug. o

- KILOCYCLES
,\i izl
20Uk s i
So o KOLTIPLY @Y 100" .~

F1gure 11.—Tuner, BC-115. Frontvview,.showing'tubé shield

b. A front view of the tuner is shown in Figure 11. The knob to the left
varies the condenser and variometer comprising the antenna tuned -circuit.
This knob operates through suitable gears to obtain slow motion of the dial on
the condenser shaft. This scale is marked “Antenna tuning” and is divided
into degrees of u circle. The knob to the right turns the separate heterodyne

17
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variable condenser through suitable gears to obtain slow motion of the dial on
the condenser shaft. The scale reads directly in Kilocycles by multiplying the
reading by 100. On the lower part of the front panel is a hinged metal cap

which is lifted to insert the VT-5 heterodyne oscillator tube in its socket. The-

filament rheostat is contained in the large knob, the edge of which is seen,
‘below the panel. Numbers are engraved along the edge of the rheostat knob

to indicate the position of the rheostat. The series resistance decreases and.

the filament current increases as the number indicated on the knob increases.

o. A view of the under panel is shown in Figure 12. This view shows the
4-point socket providing for connection to the amplifier for filament and plate:

power supply, and two Delco binding posts to connect the signal voltage from

the radio control box to the receiving tuner, and from the recciving tuuner to the:

aunplifier.

IM"gurl 12.—Tuner, BC-115.  Dottom view, showing tube

18
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d. The apparatus installed inside the tuner is shown in Figure 13. The appa-
ratus legend which follows uses the same symbols as the cireunit diagram shown
Iter in this pamphlet.

JLlear inside view

FIGURE 13.—Tuner, BC-113.

(. =Tuner condenser, 600 m. m. (.
C,=Heterodyne condenser, 600 m, m, f.
C,=Fixed condenser, 10,000 m. m, f.
(3=Fixed condenser, 150 m. m. f.

I, ="T'uner variometer.

Ly =Grid Inductance.

L.=DPlate inductance.

R;=Filament resistance, 6.5 ohms.
R,=Reslstance, 100,000 ohms,

19
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20. Radio-audio-frequency amplifier, BC—116.—a. The amplifier consists of
a bakelite panel with a bakelite shelf carrying the tubes, transformers, etec.,
supported on sponge rubber cushions on metal brackets fastened to the back of
the panel. The panel and entire apparatus are removed from the box by turn-
ing the two panel locks to a horizontal position, pulling the panel forward by
means of the lock handles, and lifting the panel upward off the supporting pins
at the sides of the box. The amplifier is 15% inches wide, including eyes, 813
inches high, and 5 inches deep over all, The amplifier weighs 9 pounds without
plugs or tubes.

b. A front view of the amphﬁer is shown in Figure 14. 'The two panel locks
are along the upper edge of the panel. Delco binding posts at the left of the
panel provide for, connection of signal voltage from the receiving tumer to the
amplifier and the ground connection to the amplifier, One 4-point socket marked
“ Receiving tuner” supplies filament and plate power to the tuner. The 4-volt
storage battery for filament supply and 60-volt battery for plate supply connect
to the amplifier 4-point socket marked “ Plate and filament batteries.,” A 2-point
socket on the amplifier provides for completlon of the filament circuit through
the send-receive switch on the radio control box, so that the receiver tubes are
only lighted when. the switch is thrown to. ‘* Receive.” Telephone jacks are

mounted on the panel, so that- exther one or two stages of audlo-frequencv
amplifieation ean be used a< (Iesu'ed E

i RL-P-5702

Ficurp 14.—Amplifier, BC-116. Front view
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¢. A view of the apparatus on the back of the panel is shown in Figure 15.
The apparatus legend which follows uses the same symbols as the circuit
diagram shown later in this pamphlet,

Inside view of amplifier, BC-116

0

—
&)
=
D
g
=

C =Condenser, 150 m. m. f. T =Transformer, type C-56.

C, =Condenser, 1,500 m. m. f. Ty =Transformer, type C-59.

€, = Condenser, 5,000 m, m. [, T, ='Fransformer, type C-21-B (old

Cy = Condensger, 10,000 m. m. f. model), type C-65 (new model).

J  =="I'elephone jack. V =Vacuum tube, type VIT-5.

R =0.5 megohm resistance, type RS-1. vp == Detector.

R, = 2.0 megohm resistance, type RS-3. vy =Radio frequency, amplifier.

R, =7.0 o resistance. va=Audio f{requency, amplifier.

21
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21. Battery box, type BC—128.—This battery box is designed to contain the
three BA-2 batteries supplying the plate current for the receiving equipment. The
box is 7%4 inches long, 31§ inches high (including binding posts), and 374
inches wide, and weighs 4 pounds with Dhatteries. The box is shown in
Figure 16.

FIGURE 16.—Battery box, type BC-128

22
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SECTION VI

NSTALLATION, OPERATION, AND CARE OF RECEIVING EQUIPMENT

Paragraph
Installation . e 22
Filament adjustment_ ___ _ e 23
UM I s o o i e i e 5 5 i im0 e i i 24
Shielding of ignition system ___ e 25
Prellminary o8t oo i i e e S e e = i o s e o e e 26

22, Installation.—See paragraph 6.

23. Filament adjustment.—When the send-receive switch in the radio control
hox is turned to receive, the antenna is connected to the receiver, and also the
receiver filament circuit is closed (if tuner rheostat is not on “Off”). The
tuner rheostat is then turned to the proper position for obtaining normal fila-
nent current. The position of the rheostat, of course, depends upon the state
of charge of the storage battery. An indication of the proper filament current
is obtained by lifting the metal cap over the oscillator tube on the tuner and
observing the brightness of the filament. The VT-5 tubes have a coated fila-
ment which should burn at a cherry-red color. If slgnals are being received,
the rheostat should be turned to reduce filament current until the signal just
begins to weaken. The life of the tubes is greatly shortened by burning' them
too bright. The amplifier tubes are connected so that the first three tubes are
in series across the supply voltage, as are also the second three tubes. When
one of these tubes buins out the other two will also fail to burn. The tubes

can be tried in the second audio tube socket until the defective tube is located,
as this second audio tube operates directly from the filament supply. The total
filament current should be 1 ampere.

24. Tuning.—a. Tuning adjustments are made by means of the knobs on the
receiving tuner marked * Tuner” and “ Heterodyne.” The heterodyne knob
is turned until its scale reads the kilocycle wave frequency of the station to
be received. The tuner knob is then turned until the signal is picked up. The
knob must be turned slowly, as the tuning is very sharp. If the signal is not
picked up by this operation, turn the lLeterodyne slightly first in one direction
and then in the other direction; varying the tuner through the proper range
each time. When the tuner is adjusted for best signal, go back to the hetero-
dyne and slightly readjust that to see if any improvement can be obtained. It
is well to record the ‘Tuner”™ settings for various * Heterodyne” settings,
which will be of great value when using the same antenna for receiving.

b. When it is necessary to receive a station the wave frequency of which ig
not known, the finding of the station is a rather long and uncertain task. The
Lieterodyne is progressively moved in short steps, each time turning the * tuner’”
through a range suitable for receiving the wave frequency indicated on the
heterodyne. If this approximate calibration of the tuner is not known, it is
necessary to turn the tuner adjustment through its whole range for each setting
of the heterodyne. When the desired signal is picked up and the best tuner
adjustment obtained, the heterodyne should also be readjusted slightly to obtain
any possible improvement. It is usually possible to find two heterodyne settings
for a certain tuner setting. The calibration on the heterodyne scale is in all

23
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cases for the adjustment using minimum setting of the heterodyne condenser,
i. e, the adjustinent having the higher kilocycle reading. The higher kilocycle
reading is then the wave frequency of the received signal.

25. Shielding of ignition system.—The airplane ignition system must be
carefully shielded to prevent the pick-up of disturbances which cause sounds
similar to heavy static. The shielding is to be carried out and maintained in
accordance with instructions to be issued by the Air Corps. If great inter-
ference is experienced while in the air, the shutting off momentarily of tho
ignition system by the pilot wili determine whether the ignition shielding has
become faulty. '

26. Preliminary test.—The receiving equipment can be tested in the labora-
tory or after installation in the plane and before leaving the ground. An
antenna consisting of a 15-foot length of wire is connected to the radio control
box binding post marked “Antenna ” or the receiving tuner binding post marked
“ Control box,” in case the radio control box is not used. This small antenna
is sufficient for picking up near-by stations and enables the receiving equipment
to be tested before flight. If the same station is to De received in the air, the
heterodyne scale reading will be very nearly the same as used in the ground test,
but, of course, the “ Tuner ” scale reading will be different because the airplane
antenna has much greater capacity than the short wire antenna suggested for
{he ground test. ’

SEcTION VII

PRINCIPLES EMBODIED IN RECEIVING EQUIPMENT

Paragraph
General principlef o v cesnavmusrmerm o s o s e i e S S e R S 27
Réceiviig tUREYE, DO Ca oo s s s s S 28
Radio-oudio-frequency amplifier, BC-116_ _ . _ o __ 29

27. General principles.—a. The radio receiving equipment is of the super-
heterodyne type. The antenna circuit is tuned to the incoming signal. Loosely
coupled with the antenna circuit is an oscillator or separate heterodyne circuit,
the frequency of which is adjusted to obtain the desired frequency beat note

with the signal frequency. This beat note is not an audio-frequency such as is

obtained when a C. W. telegraph signal is heterodyned. Instead, a very high
frequency of approximately 66.7 kilocycles (or 4,500 meters) ig used. This
frequency is selected as permitting the design of a very efficient radio-frequency
amplifier. The amplifier operating on a fixed frequency of 66.7 kilocycles is
far more efficient than any amplifier which could be designed to amplify
directly the very high-signal wave frequencies and covering a wide wave-fre-
quency band. The latter also would be more critical and would require a poten-
tiometer or other means for controlling oscillations set up in the amplifier.
The 66.7 kilocycle, or intermediate frequency amplifier is made very sharply
resonant, which provideg the great selectivity obtained. We have seen that the
signal frequency and the heterodyne frequency are combined to provide a beat
note corresponding to their difference in frequency, or 66.7 kilocycles. However,
all we have done so far i{s to modulate the signal frequency at the rate of 66.7
kilocycles. This latter frequency is not available to the radio-frequency ampli-
fier until the miodulated wave is rectified, ‘the same way ordinary audio-fre-
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quency is not available in an ordinary radio receiver until the wave frequency
has been passed through the detector tube. Accordingly, the voltage due to
the combined frequencies set up across the gntenna tuning inductance is im-
pressed upon a detector tube, which is the first tube in the BC-116 amplifier. The
66.7 kilocycle frequency obtained by this rectifying operation is then connected to
the input of a three-stage radio-frequency amplifier. Three iron. core radio-fre-
quency transformers, C-56, and one air core radio-frequency transformer, C-59,
are used in the radio-frequency amplifier. The air core transformer, with the
condenser across the secondary, is sharply tuned and determines the resonant
frequency of the amplifier. The frequency carried through the amplifier con-
sists of the 66.7 kilocycle radio-frequency and the audio-frequency modulation
due to telephone or tone telegraph provided at the radio transmitter, which has
persisted through all the transformations so far. In order to obtain the audio-
frequency it is necessary to again rectify the signal, so the output of the radio-
frequency amplifier connects to a second detector tube. This recovers the audio
voice or I. C. W. modulation, which ig then passed through either one or two
stages of audio-frequency amplification as desired, in order to secure sufficient
volume to enable the signal to. be heard above the wind and engine noises in
the airplane. '

D. Quite loud signals are usually required in the air in order to be audible
above the engine and wind noises not entirely excluded by the receiver helmet,
and the static and other interference picked up by the very sensitive receiving
equipment. The receiving equipment is very selective, which causes the elimi-
nation of most-of the interference from radio sets_ operating on other wave
frequencies. . As the receiving equipment does not provide in,'any wa‘y for an
audio-frequency beat note with the signal, it is impossible to receive C. W.
telegraph signals. The heterodyrie_calibration. does not show the. frequency of
tlie oscillator, but does indicate the proper heterodyne adjustment to receive a
signal of the wave frequency indicated on the heterodyne scale. The actual
heterodyne fx'equency'is 66.7 kilocycles lower than the reading. In practice
the heterodyne is adjusted until best signal is obtained ‘through" the radio-
frequency amplifier. As the amplifier operates at 66.7 kilocycles, this adjust-
ment indicates that a beat note of this frequency is being set up between the
signal and the heterodyne.
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28. Receiving tuner, BC—~115.—The circuit diagram of the receiving tuner is
shown in Figure 17. The antenna circuit. consists of a variable air condenser
and variometer connected on the same shaft so as to turn together. The tuner
rotary switch automatically connects the variable inductance and capacity in
series for high wave frequencies, and in parallel for lower wave frequencies.
The heterodyne oscillator circuit includes a fixed inductance and variable air
condenser in the grid circuit. The fixed inductance has a tap used for the
higher frequency scale, connected automatically by the heterodyne rotary switch.
Fixed coupling is provided with an inductance in the plate circuit. 'The grid
circuit includes a grid leak and condenser so that the radio-frequency oscilla-
tions build up a steady negative grid bias to reduce the oscillator plate current.
The filament current is limited by means of a fixed resistance of 6.5 ohms, in
series with the rheostat which controls all the receiving tubes together. The

plate and flament supply for the oscillator iy obtalned from the amplifier,
BC-116, by means of the 4-point socket provided.

| CIRCUIT DIAGRAM
RADIO RECEIVING TUNER TYPE BC-II5

Cs
Rzm

vT-5

CONTROL -
80X

AMPLIFIER

AMPLIFIER

APPARATUS LEGEND
C - TUNER CONDENSER 600MMF  P-FOUR POINT PLUG SOCKET
C,- HETERODYNE CONDENSER 600MMF.  R-RHEOSTAT 2w MAX.
C.- FIXED CONDENSER  I0000MMFE  R.-FILAMENT RESISTANCE 6.5w
C3- FIXED CONDENSER 1SOMM.FE Rp-RESISTANGCE 100000w
L - TUNER VARIOMETER S - TUNER ROTARY SWITCH
L,- GRID INDUCTANCE S;-HETERODYNE ROTARY SWITCH
Lz-PLATE INDUCTANCE VT~5-VACUUM TUBE
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I"'lcure 17
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FI1GLRE 18.—Circuit diagram, radio-audio-frequency amplifier, BC-116



TR 1210-5

29 AIRPLANE RADIO SET AND RECEIVING EQUIPMENT

29. Radio-audio-frequency amplifier, BC~116.—The circuit diagram of the
amplifier is shown in Figure 18. The first tube is a detector tube and has the
usual grid leak and condenser in the grid gircuit. The detector plate circuit is
coupled to the first intermediate frequency amplifier tube by means of iron core
radio-frequency transformer, C-56. The detector plate circuit also includes
a 0.5 megohm resistance to reduce the plate current to the proper value for a
detector tube. The coupling hetween tho third and fourth tubes is by menng
of an air core radio-frequency transformer, C-59, which has a fixed condenser
across the grid winding forming a highly selective tuned circuit. The fifth and
sixth tubes (audio amplifier and detector, respectively) are interchanged on the
tube shelf from the usual order, so as to make more convenient the filament
wiring, which is arranged to provide the proper grid biasing potentials. The
fourth tube then hag its radio-frequency output connected to the sixth tube
‘which is a detector tube. The detector tube plate circuit includes the primary

of an audio-frequency amplifying transformer, with a condenser across the.

winding to prevent the audio amplifier- from howling. The detector tube is
connected by means ‘of the transformer to the fifth tube which is used as an
audio amplifier. The last tube on the tube shelf is an audio amplifier. Jacks
are provided in the plate circuits of the two audio-amplifier tubes so that either
one or two stages of audio can be used as desired. A 10,000 m. n. f. condenser
provides a by-pass from the common plate circuit bus to_the filament, reducing
the undesired coupling arising from the use of a common plate battery, and
leads. The filament circuits are arranged in a series grouping so as to utilize
the voltage drop across successive tubes to provide suitable negative grid biasing
voltage for the amplifier tubes.
[A. G.062.12 (8-7-28).}
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