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2% Claims.

1

This invention relates to a radio transmitter
and more particularly to the modification of a
transmitter whereby it may be used in the train-
ing of radiomen in the proper tuning and use
of a similar transmitter normally used for regular
radio transmission,

There are many instances where radio trans-
mitter and receiving equipments are very im-
portant adjuncts to commercial, maritime and
war activities and .where therefore it is essen-
tial that radiomen be trained to handle them ef-
ficiently under all operating conditions, One
such instance, for example, is on airplanes. Mod-
ern airplanes, and particularly those of larger
size requiring a crew of several men for their
operation used in combat service, are equipped
with one or more radio receivers which may be
tuned to receive intra-squadron messages or mes-
sages from distant bases, with cne or more radio
transmitters which may be tuned to transmit

10

20

messages to other airplanes in the same squadron

or group or to more distant bases and with an
interphone system to enable the members of the
crew to converse with each other.

For training an airplane crew to handle the
communication equipment of the airplane and to
best coordinate their efforts through the use of
such equipment, it is proposed to.provide radio
instruction equipment, This equipment may or
may not be corollary to a trainer for giving the
airplane crew flight training. However, if a
flight trainer is provided for the purpose of giving
instruction in the fiight operation of an airplane
which the trainer is designed to simulate, it is
desirable that provision also be made in such
trainer for giving the crew training in the use
of the communication equipment which would
be installed in the airplane. _

To enable training to be given in the use of
the communication equipment of an airplane in
connection with a flisht trainer, as illustrated
herein, the communication equipment which
would be installed as the regular equipment of
an airplane of the type which the trainér is de-
signed to simulate "is installed in the trainer
and an instructor’s desk, which is separate from
the flight instructor’s desk and may for conven-
ience be termed g radio instructor’s desk, is pro-
vided. The radio instructor’s desk is equipped
with ‘radio receivers which are capable of being
tuned to receive signals from any of the radio
transmitters of the trainer, with radio transmit-
ters of the type which would be installed in air-
planes for transmission to other airplanes, with
a radio transmitier for simulating a transmitter
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which would be installed at a base of operations
for transmission to sirplanes and with monitor-
ing equipment to enable the instructor to monitor
on communications carried on over the interphone
system of the trainer as thotigh he were a mem-
ker of the erew, to monitor-on the operation of
the radic receivers and transmitters of the
trainer and to monitor on other operations of the
communication equipment of the trainer as'may
be desired.. ' S -

The present invention is’ more particularly
concerned with the medification of a radio trans-
mitter of the type used in an airplane for long
range communication with distant bases, but to
enaple the better visualization of the manner in
which the transmitter is coordinated with the
other portion of the' communication system and
with the radip instructor’s desk, the other por-
tions of the communication system and the radio
instructor’s desk -equipment are either shown in
detail or schematically-herein. ) :

Since it is' not desirable ‘for training purposes
to radiate power from the transmitter into the
ether, the transmitter is not connectable to radi-
ating antenna systems but the oscillator equip-
ment which is arranged to transmit on any one
of & plurality of carrier frequencies is carefully
shielded and - probes are’ provided within the
shield, which probes are connected by a coaxial
system with the instructor’s desk which system
is connected to the inputs of the radio receivers at
such desk. Since little power is required for
tr‘ansmis‘sion'over the short coaxial eable to the
instructor’s -desk, the power amplifier equipment
of the transmitter is' eliminated and potentiom-
eters operable from the regular tuning controls
of the tranmsmitter and electronic devices are
provided for controlling the various meters of the
transmitter in simulation ¢f their usual response
to the tuning of the transmitter. All of the op-
erating and tuning controls are retained although
they do not perform their usual functions so that
the transmitter panels present their normal ap-
bearance and all controls on such panels have
the usual feel to the opérator and must be oper-
ated in the usual manner to produce readings on
the meters indicative-of the efficiency at which
the transmitter is being operated.” - _

The oscillator equipment of the transmitter has
been retained and is substantialiy the same ag
ordinarily used. In the type of transmitter here-
ing illustrated two transmitter units are provided

one for high frequency range transmission and

the other for intermediate frequency transmission
and each unit is provided with its own master
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oscillator equipment. As previously stated, this
equipment is shielded to prevent direct radiation.
In addition filter circuits are alsoc provided in
the power supply leads extending to each oscil-
lator to prevent radiation therefrom and each
oscillator is alss provided with a potentiometer
and range selector switch for use in the simulated
control of the meters and suitably connected with
the frequency tuning and range selection con-
trols of the oscillator.

For a clearer understanding of the invention
and the mode of its operation, reference may be
had to the following detailed description when
read in connection with the accompanying draw-
ings in which:

Fig. 1 schematically discloses a flight trainer
simulating the fuselage of an airplane, a flight
instructor’s desk, a radic instructor’s desk, the
control bays in which control apparatus of the
trainer is installed, and operating and commu-
nication cables interconnecting the trainer, the
control bays and the instructors’ desks;

Figs:. 2 and 3 taken together show the inter-
phone system of the trainer;

Fig. 4 shows schematically the four radio re-
ceivers of the trainer; the remote control box
for centrolling two of such receivers, two of the
short range radio transmitters of the trainer,
the dynamotor and modulator units, the remote
control box and the antenna relay unit therefor,
the frequency meter for use in preliminarily
tuning the transmitters, junction boxes and con-
ductor and coaxial cables for interconnecting the
various apparatus units of the frainer;

Figs. 5 and 6 taken together show the appara-
tus and circuits mounted in the cabinet and on
ths panel of the high frequency unit of the modi-
fied long range transmitter, Fig. 5 showing the
potentiometers and electronic devices responsive
to the operation of the tuning controls of the
wsual amplifier stages of the transmitter, and
Pie. 6 showing in the lower portion thereof and
enclosed within the dot-dash lines, the modified
oseillator equipment and in the remaining por-
tion thereof additional potentiometers and
switch equipment responsive to the operation of
other tuning controls of the transmitter, and
meters;

Fig. 7 shows the apparatus mounted in the
cabinet and on the panel of the central or power
unit of the transmitter, meters, control switches
and jacks being-shown in the upper portion of
the figure, the rectifier equipment being shown
in the right lower portion of the figure, and the
modulator circuit for use in both the high and
intermediate frequency units of the transmitter
and addibional controls being shown in the lower
left portion of the figure;

Fig. 8 shows the apparatus and circuits
mounted in the cabinet and on the panel of the
intermediate frequency unit of the transmitter,
the modified oscillator equipment being shown
in the dot-dash rectangles in the lower portion
of the figure and the potentiometers, switches
and electronic devices responsive to the tsual
controls of the transmitter, and meters being
shown in the remaining portion of the figure;

Fig. 9 shows schematically the four radio re-
ceivers at the instructor’s desk, the controel turret
on the desk, the front and cross-section of which
have been illustrated, junction boxes and con-
ductor and coaxial cables for interconnecting
the various apparatus units at the instructor’s
desk;

Fig. 10 shows in the lower left portion thereof
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the communication equipment located at the
fiight instructor’s desk whereby the flight in-
structor may communicate with the members of
the crew in the trainer over the interphone sys-
tem, in the lower cenfral portion thereof, the
receivers, transmitter and signal key and the
connection plugs and jacks located at- the radio
instructor’s desk and in the remaining portion
of the figure the equipment located in the turret
on the desk;

fig. 11 shows within the rectangle in the left
portion thereof the monitoring amplifier equip-
ment, within the rectangle in the upper right
portion thereof the regulated rectifier equipment
and within the rectangle in the lower right por-
tion thereof the 250-volt rectifier equipment, all
iocated in the radio instructor’s desk;

Trig. 12 shows in the lower right portion thereof
the transmitter modulator and in the remaining
portion thereof the transmiter oscillator units
and the selection relays associated therewith lo-
eated within the radio instructor’s desk; and

Tig. 13 is a diagram showing how the other
ficures of the drawing should be arranged to
completely disclose the invention.

Referring first to Fig. 1, a mock-up of the
fuselage of an airplane i identified by the nu-
meral 108, in which fuselage the various stations
of the members of the crew are indicated, these
stations comprising the pilot’s, co-pilot’s, flight
engineer’s, navigator’s, bombardier’s and radio-
man's station, all interconnectable over the usual
interphone system as will Ilater be described.
The operational and flight control equipment of
the trainer is connected over control cable 181
with the control bays 162 and over control cable
133 with the flight instructor’s desk {64 which in
turn is connécted over control cable 105 with the
control bays 182. The trainer mock-up 100 is
also connected by a communication cable 106
with a distributing box at the flight engineer’s
desk 104 from which box a cable of conduciors
extends to the flight instructor’s interphone sta-
tion 187 and from which a connection over com-
munication cable 198 is extended to the radio
instructor’s désk 109. A station {10 at the con-
trol bays is also connected over communication
cabié (1 with the fiiterphone system of the
trainer, whereby communication with members
of the créw and with the instructors may be car-
ried on by the maintenancé man at the control
bays. The radio receivers and transmitters in
the trainer are also connected with the radio
receivers and transmitters at the radio instrue-
tor’s desk by a coaxial cable 112

The interphone system of the trainer, disclosed
in Pigs. 2 and 3, is substantially identicgl with
that installed in an airplane of the type in which
the trainer is designed to simulate but has been
modified by the addition of cable 268 which ex-
tends from the distribution junction box 201 to
the terminal strip 202 on the pilot’s panel from
which the cable i1i extends o the interphone
station §i@ at the conirol bays 162. Terminals
have also been added to the terminal strips 391
and 302 in the interphone junction box 303 and
a cable of conductors i86 has been extended from
teriminals on the strips 381, 302 and 368 o the
junction box 107 at the flight instructor’s desk
104, .

As schematically disclosed in Fig. 4, two radio
receivers 480 and 494 are mounted on the re-
ceiver racks 401 and 485 which in turn are mount-
ed in the trainer {08 on a rack above the radio-
man’s station and are connected by cables 402
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‘and 406 and plug and jack ‘connectors 403 and
407 with the radio receiver junction box 408 lo-
cated adjacent to the receivers. 27-volt.direct
current is supplied to these. receivers from the
battery junction box 409 over the cable 418 which
makes connection with the junction box 408 over
the plug and jack connector 4if. The inputs of
these receivers are not connected in the usual
manner with an antenna system but instead
probes are inserted within the receiver casings
and connected over coaxial cables 412 and 413
and the plug and jack connectors 414 and 415
with the coaxial junction box 416 located under
the radioman’s table. The radio receiver junc-
tion box 408 is provided with jacks 417 and 418
in which plug-ended cables 419 and 420 extend-
ing to terminals on the terminal strip 304 of
the radioman’s interphone control unit 380, Fig.
3, are inserted.

The output of the No. 1 receiver 400 1s received
over cable 420 and, with the selector switch 305
in position 1 and the switch 306 in either the on
or off position this output is connected over the
Ne. 1 contact of the switch arc 307, conductor
308, and the plug and jack connector 2083 at the
radioman’s station box, with the right receiver
of the radioman’s headset 205, and the output of
the No. 2 receiver 404 is received over cable 419
and, with the selector switch 305 in position 1
and the switch 306 in its interphone system-on
position, this output is connected over the No. 1
contact of the switch arc 309 tothe primary
winding of transformer T3, is impressed upon the
amplifier tube AMP3, amplified thereby and im-
pressed through the windings of output trans-
former T4, over the upper right contact of switch
306 and the No. 1 contact of switch arc 310, over
conductor 3{1 and the plug and jack connector
204 at the radioman’s station box with the left
receiver of his headset 265, or if switch 806 is in
its interphone system-off position this output is
applied over the lower right contact of switch
306 and the No. 1 contact of the switch arc 319
and thence as traced to the left receiver of the
radioman’s headset 205.

If the selector switch 305 is in position 2, the -

No. 1 radio receiver is connected to the radic-
man’s right headset receiver as previously de-
. seribed and reception from the interphone sys-
tem is applied from the secondary winding of
transformer T2, over the upper left contact of
switch 306 if it is in its interphone-on position,
over the No. 2 contact of switch arc 310 .and
thence as traced to the left receiver of the radio-
man’s headset 205. If the selector switch 385 is
in position 3, the No. 2 receiver is connected over
the No. 3 contact of the arc 307 with the right re~
ceiver of the headset 205 in either position of
switch 306 and with the switch 306 in its on po-
sition reception from the interphone system is
applied from the secondary winding of trans-
former T2, over the upper left contact of switch
306 and the No. 3 contact of are 310 to the left
receiver of the radioman’s headset 285. If the
switch 305 is in position 4 and the switch 306 is in
its on position, reception from the interphone
system is applied over the upper left contact of
switeh 386 and the No. 4 contacts of arcs 367 and
310 to both receivers of the radioman’s headset
205. If the switch 305 is in position 5, the No. 1
receiver 490 is connected over the No. 5 contacts
of arcs 307 and 310 with both receivers of the
headset 205 and if the switch 385 is in position 6
the No. 2 receiver 404 is connected over the No. 6
. contacts of arcs 807 and 310 with both receivers
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of the headset 205. The switch 305 may thus be
selectively operated by the radioman so that he
may, over his two headset receivers, simultane-
ously listen in on both radio receivers 488 and
404 or.on either radio receiver and the inter-
phone system, and may listen in with both head-
set receivers on either the interphone system, the
No. 1 radio receiver 400 or the No. 2 radio re-
ceiver 404,

Two other radio receivers 421 and 422 are
equipped with receiver dynamotor units 423 and
424 which supply them with high positive anode
potential and are mounted in a two-unit receiver
rack 425 in turn mounted on a shelf above the

. flight engineer’s station. These receivers may

be operated singly or together by local tuning
controls or may be remotely controlled over flex-
ible-control cables 426 and 427 from the receiver
control box 428. The receivers are also connected
by the cables 429 and 438 which connect by plug
and jack connectors 431 and 432 with the receiver
rack 425 and by plug and jack connectors 433
and 434 with the control box 428. Battery cur-
rent. from the 27-volt battery junction box 489
is supplied to these receivers over the cable 435
which is connected with the receiver rack 425 by
a plug and jack connector 436.

The inputs of the radio receivers 421 and 422
are not connected in the usual manner with an
antenna system but instead probes are inserted
within the receiver casings and connected over
coaxial cables 437 and 438 and the plug and jack
connectors 439 and 440 with the coaxial junction
box 441 located adjacent to the receivers 421 and
422. This junction box is connected over the
coaxial cable 442 with the coaxial junction box
4i6. The cable 442 makes connection with the
two junction boxes by the plug and jack con-
nectors 443 and 444,

‘The antenna binding posts 445 and 446 of the
receivers 421 and 422 are connected to the re-
ceiver binding post REC of the antenng relay
unit 447 by cloth sleeving to simulate the usual
connection of the receivers to the antenna relay
umt The use of wire for these connections would

esult in undesired radiation. When thes fre-
quency meter 450 is to be used in checking the
frequency of the output of radio transmitters 452
and 483 of the trainer it receives power for its
operation over the cord 449 connected by the plug
448 .with supply leads in the radio receiver 42i.
To control the relays of the receiver rack 425 to
cut off the receivers when either transmitter 452
or 453 is being used, to supply operating ground
from the relay rack 425 to the modulator unit 451
and to supply side-tone reception to the radio re-

- ceivers 421 and 422 whenever either of the trans-

60

mitters. 452 and 453 is being used, the receivers
are connected over the receiver rack 425 and the
cable 454 with the modulator unit 451, the cable
making connection with the receiver rack 425 by

. the plug and jack connector 455 and with the

85

70

modulator unit by the plug and jack connector
456, .

The outputs of receivers 421 and 422 are con-
nected over conductors of cables 429 and 430 to
the receiver control box 428 aand may be con-
nected to the pilot’s control box of the interphone
system, shown in Fig. 2, by the insertion of the
plug 457 of the cord 458 into either the A or B

. jacks of either section of the receiver control box

5.

428,

Two transmitters 452 and 453 are provided in
the trainer for short distance transmission be-
tween alrplanes of the same squa,dron or group.
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These transmitters are mounted on & shélf above
the flight enginseer’s instrument paiels and the
transmitter control box 460 for remotely. control-
ling such transmitters is mounted on the pilot’s
pedestal. The modulstor unit 451 for these trans-
mitters is mounted to the right of the transmit-
ters and the antenns relay unit 447 is mounted
above the transmitters. A ¢able 461 connects the
rack 462 upon which the transmitters are mount-
ed with the modulator unit 451, such cable being
connected to the rack and to the modulator unit
by plug and jack connectors 463 and £§4. Cable
465 -connects the transmitter rack 462 with the
antenna relay unit 447, such cable being con-
nected t0 the rack and to the antenna relay unit
by plug and jack connectors 466 and 467.

The antennas of the transmitters are not used
for radiating energy but instead each transmit-
ter is provided with a probe within its casing, the
probe of transmitter 452 being connected to a co-
axial cable 468 which is connected by the plug
and jack connector 869 with the coaxial junction
box 441 and the probe of transmitter 483 being
connected to a coaxial cable 478 which is con-

nected by the plug and jack connector 414 with ¢

the coaxial junction box 441, Power for cperating
the transmitters is supplied from the battery
junction box 409 over cable 412 which connects
with the modulator unit 451 by the plug and jack
connector 413. The transmitters are remotely
controlled from the control box 468 over the cable
414 which is connected by a plug and jack con-
nector 415 with the control box and by & plug and
jack cohnector 476 with the modulator unit 451.

The microphones of certain of the interphone sta- 2

tion boxes are connectable to the modulator unit
“£51 over the cable 474 by the insertion of the plug
4717 of the cord circuit 478 extending to the pilot’s
control box, Fig. 2, into the microphone jack MIC
of the control box 460. The antenns binding
posts of the transmitter are connected as shown
to the TR binding post of the antenng relay unit
4471 and the ANT binding post of the antenna re-
1ay unit is connected to the 27-volt supply in the
battery junection box 408.

The antenna relay unit 447, the transmifter :

rack 462, one of the transmitters mounted there-
on, for example transmitter 452, the modulator
unit 451 together with the associated dynamotor

unit and as modified for use as a trainer, are all ,

fully disclosed in the Patent No, 2,458,550
granted January 11, 1949, to E. L. Bauich.

The antenna terminal-of frequency meter 450 is
connectable by a coaxial cable 473 with the coax-
jal eable junction box 418 and then through cable
442 with the coaxial junction box 441 which is
Jocated under the radioman’s table or with the
frequency checking terminals of the transmitter
units of Figs. 6 and 8. From the junction box
416 coaxial cables 481 and 482 extend to the oscil-
Jator unit $80 of the high freqency section and to
the oscillator unit 808 of the intermediate fre-
quency section of the long range transmitter dis-
closed in Figs. 5 to 8, inclusive, where they ter-
minate in probes enclosed within the casings of
the oscillator units. The long range transmitter
will be described in more detail hereinafter. A
coaxial cable 483 extends from the coaxial junc-
tion box 441 where it is connected by the plug and
jack connector 484, to the coaxial junction box
900 in the instructor’s desk to which it makes con-
nection by the plug and jack connector 90f.
~ The instructor’s desk is provided with a control
turret 113 mounted on the top surface thereof as
schematicaily indicated in Fig. 1. For better
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‘{llustrating the ecabling from this turret {o the

apparatus units housed within the desk 108 the
turret is shown both in front and sectional views
in Fig. 9. This turret is provided with two re-
ceiver control boxes 902 and 903, a signal se-
lector switch S8, a transmitter frequency selec-
tion switch TS, a transmitter power control
switch TP and a switch TR for controlling the
transfer of the desk circuits from a receiving to
a transmitting condition, all mounted in the slop-
ing portion of the front wall of the turret. A plu-
rality of switches such as $2 and rheostats such
as R2 appertaining to eight monitoring circuits,
a switch IR for determining whether the micro-
phone at the desk shall be connected for opera-
tion with the interphone system or with the radio
equipment, a switch DC for connecting a 27-volt
direct current source to the desk and a lamp DL
shown immediately above it to indicate when the
direct current is connected, a switch AC for con-
necting a 115-volt source of alternating current
to the desk and an indicating lamp AL located
immediately above it to indicate when the alter-
nating current is thus connected, and a recall
lamp RC are all mounted on the vertical por-
tion of the front wall of the turret. These con-
trols are best illustrated in the circuit diagram

-of Fig. 10.

Four receivers are mounted in the desk. The
Nos. 1 and 2, 884 and 205, are mounted on a re-
ceiver rack 96§ which is in turn mounted on a
frame located in the rear central portion of the
desk. The Nos. 3 and 4 receivers, 987 and 908, are
similarly mounted on a receiver rack 80% which
is also mounted on the same frame in the desk.
All of thege receivers may be either locally or
remotely controlled. The receivers $84 and 805
may be remotely controlled over the flexible con-
trol :cables ‘818 and 91i which exiend from the
receivers to the control box 902 and the receivers
997 and 908 may be remotely controlled over the
flexible cables 12 and 812 which extend from
such receivers to the control box 933.

Receivers §04 and 865 are connected by cables
8i4 and 945 with the control box 902, these
cables making connection with the receiver rack
906 by the plug and jack connectors 916 and
8i7 and with the control box by the plug and
jack connectors 98 and 919. Receivers 587 and
988 are similarly connected by cables 926 and 52t
with the control box 8§03, these cables making
connection with the receiver rack 509 by the
plug and jack connectors 922 and 923 and with

‘the control box 803 by the plug and jack con-

nectors 924 and 925. Direct current of 27 volis
is supplied to these receivers from the turret over

‘the plug and jack connector 926, cable 927 and

the plug and jack connector 828 to the receiver
rack 889, and over the plug and jack connector
915, cable 976, and the plug and jack connector
8T7 to the receiver rack 906 whereby direct cur-
rent is supplied to the Nos. 3 and 4 receivers 987
and 908 from rack 989 and whereby direct cur-
rent is supplied to the Nos. 1 and 2 receivers 804
and 905 from rack 806. The direct current is
supplied to the turret over the plug 832 and as
previously described is connectable to the cir-
cuits of the instructor’s desk including the cir-

-cuits ‘extending over cables 876 and 521, under

the control of switch DC as best disclosed in Fig.
'10. © 250-volt operating current is supplied to
high voltage relay units 981, 982, 983 and 984
of the receivers from the power junction ‘box
933 mounted in the left end of the desk over the
power supply cables 934, 935, 936 and 837 which
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are connected by plug and jack connectors 538,
939, 940 and 94( with the junction box 933 and
by plug and jack connectors 942, 943, 944 and
945 with the receivers 904, 965, $07 and 9988 re-
spectively. These relay units are used at the
desk instead of the usual dynamotor units in
order that the operation of the desk may be
quieter. Each unit comprises a relay operable by
27-volt direct current when the receiver to which
it is allocated is turned on to connect 250-volt
direct current to the plates of the tubes of the
receiver.

The inputs of the radio receivers are not con-
nected in the usual manner with an antenna sys-

tem, but instead probes are installed within the 1

receiver casings and connected over coaxial
cables 946, 947, 948 and 949 with the coaxial
junction box $00 with which such cables make
connection by the plug and jack connectors 859,

951, 952 and 953. The outputs of the receivers o

904 and 805 are interconnected to A and B tele-
phone jacks and such jacks are connected by
plug-ended cords %54 and 855 with the inter-
connected A and B -telephone jacks of the re-
ceivers 907 and 908 and the latter jacks are fur-
ther connected by plug-ended cords 956 and 957
to a terminal strip in the turret {3 from which
they are connected over the cable 958 with the
‘A and B receiver jacks shown in Fig. 10 and
mounted in the well of the desk 189.

- The receiver racks 906 and 909 are intercon-
nected by the cable 930 and are also connected
to controls in the turret 113 over cable 960 which
is plug and jack connected with the receiver
rack 906 and is connected to the turret.

115-volt alternating current is supplied to the
power- junetion box 933 over cable 96{ which is
connected to the turret 113 over the plug and
jack connector 962. 115-volt alternating current
is supplied to the turret under the control of
switch AC over cable 963 connected to the turret
over the plug and jack connector 964. From the
power junction box 933, 115-volt alternating cur-
rent is supplied over cables 965, 966 and 967,
which are connected to the junction box by plug
and jack connectors 968, 968 and 970, to the
250-volt rectifier unit {100, to the regulated 220
t0'350-volt rectifier unit 1110 and to the monitor-
ing amplifier unit 1159 of Fig. 11. Also from the
pbower junction box 250-volt direct current is sup-
plied over cable 871, which is connected by the
plug and jack connector 972 to the junction box,
to the monitoring amplifier unit +150. 250-volt
direct current is-also. supplied to the junction
box over cable 913 from the rectifier unit 1110.

The coaxial junction box 980 is also connected
over coaxial cable 974 with the probes of the
five oscillator units of the radio transmitter dis-
closed in Fig. 12, which transmitter is located
in the right end portion of the radio instructor’s
desk 109.

The transmitter equipment in the instructor’s
desk shown-in Fig. 12 consists of a shielded unit
mounted on a rack in the desk with the controls
mounted in the turret on the desk. The trans-
mitter-is connected to the turret by two cables of
conductors such cables making connection with
the transmitter over the plug angd jack connectors
1690 and {004 as disclosed in Fig. 10. The trans-
mitter: consists of five oscillators, one of which
{261 is shown in full and the other four of which
are similar but indicated by the boxes labeled
1202 to 1265, inclusive.. Each of these oscillators
comprises & dual oscillator tube such as OSC—I,
one unit. of which may be tuned to oscillate at
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one frequency and the other unit of which may
be tuned fo oscillate at another frequency. Thus
the five oscillator units may be so tuned as to
emit ten carrier frequencies covering the fre-
quency ranges emitted by the transmitters of
the airplane which the trainer is desighed to
simulate. The particular oscillator which is to
be used for transmission is selected by the opera~-
tion of the associated power supply relay of which
ten 1210 to 12{9, inclusive, are provided under
the confrol of the ten point transmitter selector
switch TS in the turret. As before stated the
oscillators are connected over the coaxial cable
974 and the coaxial junction box 900 with the
coaxial system.

The transmitter is also provided with a flter
section in which are mounted the filters 1220 to
1228, inclusive, interposed in the control con-
ductors over which the relay 1210 to {219 are op-
erated, the filters 1230 o 1234, inclusive, in the
filament current supply leads to the oscillators,
the filter 1235 in the filament current supply lead
to the tubes of the modulator, the filter 1236 in
the supply lead over which plate potentia] is sup-
plied to the tubes of the oscillators and modulator,
the filter €237 in the lead which supplies poten-
tial to the grid of the oscillator tube OSC of the
modulator and the filters 1238 and 1238 in. the
operating circuit of relay 1206. These filters are
provided for the purpose of preventing high fre-
quency radiation from the leads in which they
are interposed.

The modulator section of the transmitter con-
sists of a modulator tube MOD which modulates
the plate potential applied to the oscillator tube
which is selected for transmitting, g microphone
transformer MIT which matches the microphone
MIC disclosed in Fig. 10 to the modulator tube,
and the modulating transformer MOT used in the
output circuit of tube MOD. An audio frequency
oscillator tube OSC is also provided to supply ap-
proximately 800 cycle tone for tone modulated
transmission. The transmitter may be operated
on CW (continuous wave) or tone or voice ampli-
tude modulation under the control of the selector
switch S8 in the turret.

The conductors of cable 812 are extended from
the junction box 107 at the flight instructor’s desk
over terminals of the plug and jack connector 958
to the turret 113 of the radio instructor’s desk
and certain of these conductors are connected
through the contacts of switches S to S8, inclu-
sive, and through rheostats Rl and R8, inclusive,
in the turret and over conductors of cable 1002 to
the monitoring amplifier unit 1{50 of Fig. 11.
This amplifier unit comprises a first stage hav-
ing four dual amplifier tubes AMP—4 to AMP—1,

‘inclusive, and a second stage having one dual

amplifier tube AMP—8. The outputs of tubes
AMP—4 and AMP—S5 are applied to the left unit
of tube AMP—8 and the output of this unit is
applied over conductor 1151 to the A Treceiver
jack 1042 of the desk and the outputs of tubes
AMP-—8 and AMP—T are applied to the right unit
of tube AMP—8 and the output of this unit is
applied over conductor {152 to the B receiver jack
1044 of the desk. Thus when the instructor’s
headset 1003 is plugged into the jacks A and B
and the proper monitoring switches of the groups
S1 to S8 are operated, the radio instructor is able
to monitor on certain of the monitoring circuits
over his left headset receiver and to monitor on
others of the monitoring circuits over his right
headset receiver. Plate potential of 250 volts is

73 supplied to the amplifier tubes over cable 971 and
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115-volt alternating current supplied over cahle
867 is applied to the step-down transformer {153
to provide §.3-volt heating current for the fila-
ments of the tubes.

The 250-volt rectifier unit 1109 of Fig. 11 is of
the well-known full wave type, 115-volt alter-
nating current being applied thereto over cable
855 through the switch 1181 to the primary wind-
ings of {ransformers 1182 and {103. 'Trans-
former 1192 is a step-up transformer and applies
potential to the rectifier tube 1108 which rectifies
the alternating current to produce direct current
of 250 volts which is applied between the ground
conduetor |185 and the 250-volt supply conductor
1186. The transformer {183 is a step-down trans-
former for producing filament heating current of
7.5 volts in the circuit including the ground con-
ductor 1185 and heater conductor 1107 for heat-
ing the filaments of the tubes of the oscillators
and the oscillator and moduwlator tubes of the
modulator shown in Fig. 12.

The 220 to 350-volt regulated rectifier unib
1110 of Pig. 11 is of a well-known type having
two rectifier tubes {1} and (142 arranged for
push-pull operation, five parallelly connected
amplifier tubes 1113 to (117, inclusive, connect-
ed in series with the direct current load circuit,
two gas-filled tubes 1118 and {{{8 bridged across
the load circuit and a dual tube 1128, one unit

of which is in bridge of the gas-filled tube ({18 :

and the other unit of which is in bridge of the
gas-filled tube 11i9. Alternating current from
the 115-volt supply source is applied over cable
956 and through switch {i2f fo the primary
windings of fransformers {122 ang (123. Trans-
former {122 is a step-up transformer and applies
its output voltage to the diode rectifier tubes 1114
and (112 whereby a direct current of 350 volts
is produced which is amplified by the tubes 1113
to 1111, inclusive, which are in turn regulated by
the tubes tii8, 1119 and 1120, and applied be-
tween conductors 1124 and 1125 of cable 8713.
This potential, as previously stated is applied to
the plates of the oscillator tubes of Fig. 12 and to
the plates of the tubes of the radio receivers-994,
805, 907 and 998 of Fig. 9. Transformer {123
is a step-down transformer and over its secondary
windings supplies filament heating current to the
filaments of tubes $i13 to 117, inclusive, and
to the filament of tube 11280,

The apparatus disclosed within the rectangle
in Fig. 10 is located at the interphone station 107
of the flight instructor’s desk. It comprises five
keys 1084 to 1803, inclusive, two dual amplifier
tubes 1009 and 1010 and jacks {8if, 18{2 and
1013 into which the flight instructor may plug his
headset 10{4 and microphone 10{5. The tubes
{0609 and 1815 are supplied with filament heating
current and with plate potential from suifable
sources. The instructor by operating keys 1004
and {805 may cause the amplification by tube
{809 of signals incoming over conductors 1021
and (022 of cable 1020 extending from the junc-
tion box {87 of the flight instructor’s desk and
the application thereof through the windings of
output transformer i8i6 and over jack 1811 to
the left receiver of the headset 1014 and, by op-
erating keys 1006 and 1997 may cause the am-
-plification by tube 1018 of signals incoming over
conductors 1023 and 1024 of cable 1020 and the
application thereos through the windings of out-
put transformer 1017 and over jack 1012 to the
right receiver of the flight instructor’s headset
{01{4. The operation of key 1808 connects the
microphone 1015, when plugged into jack 1013,

10

20

35

40

]

65

a0

65

79

5

12
over the contacts of such key to conductor {025 of
cable 1020. )

The transmitter of the trainer disclosed in
Figs. 5 to 8, inclusive, is used for CW or continu-
ous wave transmission to distant points. As pre-
viously stated this transmifter is installed in
three adjoining units and is located on a pedes-~
tal just abaft of the radioman’s station. The
middle unit, which provides the power supply and
controls which are common to both the inter-
mediate and high frequenecy units of the trans-
mitter, comprises two removable chassis 103 and
719 indicated by the two rectangles in the lower
portion of Fig. 7 and non-removable panel
mounted equipment disclosed in the upper por-
tion of the figure. All conductors between the
chassis 700 and the chassis Ti6 or the panel
mounted equipment extend over the terminals
of the plug and jack connector 181 and all con-
ductors between the chassis T8 and the chassis
709 or the panel mounted equipment extend over
the plug and jack connectors Tt{ and 712 so that
the chassis may be readily removed from the
frame of the unit. 27-volt direct current, 115~
volt alternating current, ground connection and
a side-tone conductor 758 are connected to the
middle unit of the transmitter over the plug
and jack connector 151. 'The middle unit is con~
nected to the intermediate frequency unit shown
in Fig. 8 by the plug and jack connectors 752 and
753 and to the high freguency unit shown in Figs.
5 and 6 by the plug and jack connectors 754
and 755 so that the units may be easily taken
apart.

The chassis 700 comprises the high voltage
power supply. Using a full wave rectifier fube
702, 115-volt alternating current applied from
power conductor 156 to the primary winding of
transformer 703 is rectified and applied through
the filter circuit 704 to the 250-volt direct cur-
rent supply conductor 787. The filamen? of tube
1082 is heated by current applied thereto from
the middle secondary winding of transformer 703
and filament heating current is also applied from
the upper secondary winding of transformer 703
to the filament supply conductor T13 of the other
chassis T10. Chassig 700 is also provided with a
transformer 108, the primary winding of which
is energized from the 115-volt power supply con-
ductor 796 and from the mid-point grounded sec-
ondary winding of which 6714~volt phase ¢1 and
o2 potentials are applied to the phase ¢1 and ¢2
conductors 758 and 159 for supplying the bridge
circuits of the two transmitter unifs.

The control chassis T{# has mounted thereon
the filament current supply transformers 714 and
745, the primary windings of which are energized
from the 115-volt alternating current supply con-
ductor 156. Tl4-volt filament current is sup-
plied from the secondary winding of transformer
715 to conductor 160 extending to the oscillator
of the intermediate frequency unit of the trans-
mitter and 15-volt filament current is supplied
from the secondary windings of both fransform-
ers 114 and 115, connected in series, to conduc-
tor 761 extending to the oscillator of the high fre-
quency unit of the transmitter.

Also mounted on the horizontal portion of the
chassis 110 is a 1600-cycle oscillator tube OSCT,
the modulator tube MODT for modulating the
250-volt direct current supply of the radio-fre-
quency oscillators of the two transmitter units,
the tuning indicator tube TI, transformer 71§,
output transformer 711 and four control relays
718, 7i9, 720 and 712i, Mounted on a vertical
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front portion of the chassis, and operable
through an opening in the front panel of the con-
trol unit is a group of fifteen variable resistors 722
to 736 which may be adjusted to control the
meter operating currents for the several tuning
conditions. Relays Ti8, T19 and 728 are oper-
able over terminals of the power control switch
PCS mounted on the front panel of the unit and
relay 121 is operable under the control of the
tuning indicator tube TT.

Mounted on the front panel of the control
unit are a meter 762 for indicating the simulated
filament voltage used by either transmitter unit
and a meter 783 for indicating the simulated
plate current used by the transmitter unit se-~
lected for use. The filament current may be ad-
Jjusted by the filament rheostat FR also mounted
on the front panel. Two selector switches are
also mounted on the front panel, the power con-
trol switch PCS having a first or tuning position
and Y, ¥% and full power positions and the emis-
sion selection switch ESS. Two transmitter se-
lection switches, having their switch arms inter-
connected for operation by a single switch lever,
are mounted on the panel and indicated by the
designation TS. A power-on switch PS is also
mounted on the panel which controls the con-
nection of 27-volt direct current from the bat-
tery source of the trainer to conductor 764 and
the connection of 115-volt alternating current
from a commercial supply source to conductor
765. Four switches 766 to 169 are mounted in
the lower portion of the panel which may be
operated from their lower or off positions to
their upper or on positions to simulate the in-
troduction of 1, 2, 4, or 5 microfarads alternat-
ing current voltage regulation. Immediately be-
low these switches are four jacks 778 to 713, in-
clusive. The jacks 71§ and 7171 are connected
to the winding of the keying relay 714, mounted
under the top wall of the unit, which is operable
in response to the closure of a telegraph key
on the radicman’s table plugged into jack 778.
Control of a receiver relay is provided over a
cord connected betwen the receiver and the re-
ceiver relay jack 7Ti. Jacks 712 and 713 are
side-tone jacks and are connected through a fixed
resistance 715 and the side-tone rheostat 776
from the left or side-tone coil of the transformer
718 of the circuit of oscillator tube OSCI. The
high frequency side-tone jack 713 or the inter-
mediate frequency side-tone jack 772 may be
connected by plug ended cords to the jack 488
or 489 of junction box 408 cross connected to
jack 418 and jack 411, respectively located above
the radioman’s table. The volume of the tone
to be heard in the radioman’s headset receiver
may be regulated by the rheostat 176.

Mounted in an insulating bushing on the top
wall of the unit is an output terminsl 181 for
the high frequency unit of the transmitter. This
output terminal would ordinarily be connected
to either a fixed or a trailing antenna.
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The intermediate frequency . transmitter unit

is disclosed diagrammatically in Pig. 8. The only
standard equipment of this unit ‘which ‘has been
retained is the oscillator chassis 800 which has
been carefully shielded to prevent radiation which
might
work and provided -with filter circuits, and the
various panel controls-all of which have a dis-
tinctive feel and make considerable noise due to
the movement of their brushes over terminals or
potentiometer windings- when operated. The

power supply to the apparatus on the chassis 800

interfere with nearby communication .
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is connected from the terminals of the plug and
jack connectors 752 and 753 of Fig. 7 over the
plug and jack connector 801 and through filter
circuits 802, 803 and 884 to the oscillator tube
OSC8. The filter circuits have heen added for
the purpose of preventing radiation from the
power supply leads incoming to the oscillator over
which filament current, plate potential and con-
trol grid potential are supplied to the oscillator
tube. The oscillator may be tuned in the usial
manner by the M. O. range selector 805 under
the control of an M. O. range control on the
front panel of the unit and may be tuned by
the M. O. tuner 806 under the control of a tuner
control on the front panel.

The shaft of the M. O. range selector 805 is
connected in any suitable manner, as by a cable
belt, with the shaft of an M. O. range selector
807 mounted outside of the shield which sur-
rounds the oscillator and the shaft of the M. O.
tuner 808 is connected, as by a cable belt, with
the shaft of the potentiometer 808 also mounted
outside of the oscillator shield. The potentiom-
eter shaft carries a cam 809 which is instru-
mental in operating the microswitch 810. As
previously stated, a probe 8i1 is mounted with-
in the oscillator shield to pick up the output car-
rier frequency of the oscillator this probe being
connected with the coaxial system over the co-
axial cable 432. An additional probe 8{2 is also
provided which may be connected by a tempo-
rary conductor with the frequency meter 459
when it is desired to check the frequency of the
output of the oscillator.. Conductors from the
terminals of the range selector switch 887, from
the winding and slider of the potentiometer 808
and from the microswitch 818 are extended over
terminals of the plug and jack connector 813 to
apparatus mounted on the panel of the unit.

Mounted on the panel of the intermediate fre-

quency unit is a PA range selector switch hav-
ing two sections 8i4 and 815 operable by a single
panel control lever, an antenna load selector
switch 816 operable by a panel control, and an
antenna tuning step selector switch 817 oper-
able by a panel control. Also mounted on the
pbanel are two meters one, 818, for indicating in
amperes the simulated antenna current or radio
frequency output and the other, 819, for indi-
cating in milliamperes the grid current of the
simulated power amplifier stage of the trans-
mitter.
. Mounted on a second chassis and removable
from the frame of the intermediate frequency
transmitter unit is the apparatus disclosed in
the right portion of Fig. 8 which is provided to
enable the operation of the meters 818 and 8¢9
in simulation of their usual response to the tun-
ing controls of the transmitter unit. The ap-
paratus on this chassis is connectable to the ap-
paratus on the panel, to the apparatus on the
oscillator chassis 8886 and fo the apparatus on
the power and control unit over the plug and
jack connector 820.

Mounted on the horizontal portion of thiy
chassis are two dual amplifier tubes 82 and 822,
two dual shunt diode rectifier tubes 823 and 8§24
and a dual cathode follower tube 8285, together
with the resistances associated therewith and the
transformer .826. The transformer 826 supplies
filament heating current to the tubes in a man-
ner to be described hereinafter. Plate potential
is applied to the tubes 82f, 822 and 825 from the
plate voltage supply conductor 757. .

Mounted on the vertical portion of the chas~
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sis are the control relays 827 and 828 operable
by the microswitch 819 to provide antenna load-
ing and antenna tuning discrimination, control
relays 329 to 832, inclusive to provide antenna
selection discrimination and control relay 833 op-
erable when an antenna has been sclected for
use. Also mounted on the vertical portion of
the chassis are potentiometers 834, 835 and 838,
the slider shafts of which are aligned with and
operable respectively by the regular power am-
plifier tuning, antenna tuning and antenna cou-
pling controls, which controls are mounted on
the front panel of the unit. The windings of
potentiometers 834, 835 and 833 are energized
by potential of phase ¢1 applied thereto from con-
ductor 158 and the winding of potentiometer 802
is energized by potential of phase ¢z applied
thereto from conductor 759. .

- Mounted in insulators on the top wall of the
cabinet of the unit are three ferminals €38, 839
and 840. Terminal 338 is normally used as the
output of the power amplifier stage of the in-
termediate frequency transmitter unit, 338 is the
fixed antenna loading input terminal and 848 is
the fixed antenna loading output terminal. The
jumper 843 is provided for connecting the output
terminal 838 of the intermediaie frequency trans-
mitter unit with the antenna loading input ter-
minal 839. The output terminal 78{ of the high
frequency transmitter unit or the antenna load-
ing output terminal 848 of the intermediate fre-
quency unit may be connected by a clip con-
nector to a fixed antenna system, schematically
indicated at 842, and the output terminal 78{ of
the high frequency transmitter unit or the out-
put terminal 838 of the intermediate frequency
unit may be connected to a trailing antenna
system, schematically indicated at B4i.

The high frequency transmitter unit is dis~
closed diagrammatically in Figs. 5 and 6. The
only standard equipment of this unit which has
been retained is the oscillator chassis 608,
which has been carefully shielded to prevent ra-
diation which might interfere with nearby com-
munication work and provided with filters, and
the various panel conirols all of which have a
distinct feel and make considerable noise when
operated. The power supplied to the apparatus
on the chassis 688 is connected from the fermi-
nals of the plug and jack connectors 754 and
155 of Fig. 7, over the plug and jack connector
651 and through the fiiter circuits 662, €83 and
6§94 to the oscillator tube OSC6. The filter cir-
cuits have been added for the purpose of pre-
venting radiation from the power supply leads in-
coming to the oscillator over which, filament cur-
rent, plate potential and control grid potential
are applied to the oscillator tube. The oscil-
jator may be tuned in the usual manner by the
M. O. range selector §95 having two range selec-
tion arcs and operable under the control of a
M. O. range conirol on the front panel of the
unit and may be tuned by the M. O tuner 686
under the control of a M. O. tuner control of
the front panel.

The shaft of the M. O. range selector §85 is
connected in any suitable manner, as by a cable
belt, with the shaft of a M. O. range selector 507
mounted outside of the shield which surrounds
the oscillator and the shaft of the M. O. tuner
606 is connected, as by a cable belt, with the
shaft of the potentiometer 688 also mounted
outside of the oscillator shield. As previously
stated a probe 611 is mounted within the oseil-
lator shield to pick up the output carrier fre-
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quency of the oscillator, this probe being con-
niected with the coaxial system over the coaxial
cable 28{. An additional probe 612 is also pro-
vided which may be connected by a temporary
conductor with the frequency meter 458 when
it is desired to check the frequency of the output
of the oscillator. Conductors from the termi-
nals of the range selector switch 647 and from
the winding and slider of the potentiometer 28
are extended over terminals of the plug and jack
connector 813 with apparatus mounted on the
panel of this unit.

Mounted on the panel of the high frequency
unit are three meters one, 6§14, for indicating in
amperes the simulated antenna current or radio
frequency output, the second, 65, for indicat-
ing in milliamperes the grid current of the simu-
iated intermediate power amplifier stage of the
transmitter and the third, 616, for indicating in
milliamperes the grid current of the simulated
power amplifier stage of the transmitter.
Mounted on a second chassis and removable from
the frame of the high frequency transmitter unit
is the apparatus disclosed in the left portion of
Fig. 8 and in Fig. 5, which apparatus is pro-
vided to enable the operation of the meters 644,
645 and §16 in simulation of their usual response
to the tuning confrols of the transmitier unit.
The apparatus on this chassis is connectable to
the apparatus on the panel, to the apparatus on
the oscillator chassis 800, and to the apparatus
on the power and control unit over the plug and
jack connector §17.

Mounted on a horizontal shelf portion of this
chassis are three dual amplifier tubes 580, €84,
502, shown in Fig. 5, three dual shunt diode rec-
tifier tubes 503, 584 and 505 and two dual cath-
ode follower tubes 508 and 507, together with
resistances associated therewith and the trans-
former 508. Filament heating current for the
tubes is supplied from the secondary winding of
transformer 508 in a manner to be later de-
scribed. Plate potential is supplied to tubes
500, 581, 502, 586 and 597 from the plate voltage
supply conductor 7157,

Mounted on the lower end of the vertical por-
tion of the chassis is a doubler range selector
switch 518 and two doubler tuning potentiome-
ters 589 and 5i{0. The shaft of the switch §48 is
aligned with and connected to the doubler range
tuning control mounted on the front panel of the
unit. 'The shafts on which the sliders of the pe-
tentiometers 569 and 510 are mounted are con-
nected together and to the shaft of the doubler
tuning confrol mounted on the front panel of
the unit. The winding of potentiometer 509 is
energized by potential of phase g1 applied there-
to from conductor 758 and the winding of po-
tentiometer 510 is energized by potential of
phase g2 applied thereto from conductor 759.

Mounted on the vertical portion of the chassis
just below the horizontal shelf portion are two
potentiometers 541 and 5i2 with ftheir slider
shafts interconnected and aligned with and con-
nected to the intermediate amplifier tuning con-
trol on the front panel of the unit. The wind-
ing of potentiometer 5i1 is energized by poten-
tial of phase ¢1 applied thereto from conductor
158 and the winding of potentiometer 542 is en-
ergized by potential of phase ¢2 applied thereto
from conductor T758. Mounted on the vertical
portion of the chassis just above the potentiome-
ters 511 and 5i2 is an intermediate amplifier
range selector switch 619, the operating shaft of
which is aligned with and connected to the in-
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termediate amplifier range selector control on
the panel of the unit. Mounted on the vertical
- portion of the chassis just above the shelf is a
potentiometer 514, the shaft of which is aligned
with and connected to the shaft of the power
amplifier tuning control on the front panel of
the unit and the winding of which is energized
by potential of phase 1 applied thereto from
conductor 758.

Also mounted on the vertical portion of the
chassis beside the potentiometer %514 are three
potentiometers 545, 516 and 5t7 having their
slider shafts interconunected and aligned with and
connected to the antenns, coupling control on the
panel of the unit. Mounted near the top of the
vertical portion of the chassis are two other po-
‘tentiometers 518 and 5i3 having their slider
‘shafts aligned with and connected respectively
to the shafts of the antenna, capacitance and an-

- tenna inductance tuning controls mounted on
the panel of the unit. The windings of poten-
tiometers 518, 518 and 513 are connected in series
‘and to conductor 158 and are therefore energized
by potential of phase ¢1. The winding of po-
tentiometer 516 is also connected to conductor
188 and energized by potential of phase ¢i. The
winding of potentiometer 5{7 is connected to
‘the slider of potentiometer 516 so that the po-
tential derived at the brush of potentiometer 517
varies in accordance with the square of the
amount of rotation of the antenns, coupling con-
trol which rotates the sliders of such Doten-
tiometers.

Mounted on the vertical portion of the chassis
are seven relays, five of which 620 to 624, in-
clusive, are operable under the control of the
Intermediate amplifier range selector switch 619
o selectively vary the potential applied from the
bhase ¢2 conductor 759 through the potential
divider comprising resistances 625 to 632, incly-

. Sive and to selectively vary the potential applied

irom the phase p2 conductor 169 through the po-

tential divider comprising resistances 633 to 642,

inclusive. The junction points between resist-
ances 625 to §32, inclusive, of the first potential
divider, are connected to the arc terminals of
the doubler range selector switch 618, the brush

of which switch is connected over conductor 643
and resistance 5{9 to conductor 520, The junc-
tion points between resistances 633 to 642, in-
clusive of the second potential divider are con-

nected over contacts of the plug and jack con-
nectors 617 and 613 with the terminals of the

M. O. range selector switch 687, the brush of

which switch is connected over conductor 644 :

and through resistance 521 to conductor 520.
The other two relays 522 and 523 are provided
for controlling the effect of the operation of the
antenna coupling gnd antenng, tuning controls
on the tubes 582, 505 and 537 when the output
terminal 18 of the high frequency wunit is con-
nected up. Relay 522 is connected over condue~
tor 524 with the terminal 781{.

An antenna feed control switch 525 is also
mounted on the front panel of the unit. This
switch has a voltage and s current position and
In its voltage position, is shunted if relays 522
and 823 have not been operated.

To safeguard a maintenance man against in-
Jjury from contact with apparatus or circuits car-
rying high voltage current, plunger switches 777,
178 and 7178 are mounted in the side frames of
the power and control unit, plunger switch 837
is mounted in the outer side frame of the inter-
mediate frequency transmitter unit and plunger

18

" switch 645 is mounted in the outer side frame

~of the high frequency transmitter unit.  The
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inner side frames of the intermediate and high
frequency transmitter units are so drilled oppo-
site the plunger switches 171, 778 and 179 that
when the three units are assembled side by side
with the plug and jack connectors 152 to 155,
inclusive, engaged, the switches 111, 718 and
719 are not operated. With the outside cover
plates secured to the outer side frames of the
intermediate and high frequency transmitter

“units, the plunger switches 645 and 837 are op-

erated into their closed positions as illustrated
In PFigs. 6 and 8. With switches 645 and 831
both operated and the power-on switch PS op-
erated, power from the 115-volt alternating cur-
rent source is applied over conductor 165, con~
tacts of the plug and jack connector 152, con-
tacts of switch 8371, contacts of the plug and
jack connector 7152, conductor 188, contacts of
the plug and jack connector 754, over contacts of
switch 849, contacts of plug and jack connector
©84 and conductor 756 to the input windings of
transformers 763 and 706 in the high voltage
power supply unit 768, whereupon high. plate
voltage is applied to conductor 757 and thus to
both the intermediate and high frequency trans-
mitters. Should either end cover be removed,
either switch 645 or 837 will open thereby open-
ing the circuit just traced through the primary
windings of transformers 703 and 78§ to arrest
the application of high voltage to the conductor
751.

A branch from conductor 788 extends through

the primary winding of transformer 826, from

the secondary winding of which 6.3-voli current
is supplied to the filaments of tubes 821 to 825,
inclusive, and a second branch from conductor
780 extends through the primary winding of
transformer 508, from the secondary winding of
which 6.3-volt current is supplied to the fila-
ments of tubes 500 to 507, inclusive.

Should the intermediate frequency transmit-
ter unit fail, it may be removed from service by
diseonnecting it from the power and control unit.
When that is done, however, the severing of the
plug and jack connectors 152 and 753 opens the
circuit previously traced over which 115-volt
current is supplied to the power supply unit 700,
thereby disabling the high frequency transmitter
unit also. To enable the latter transmitter unit
to be used, the end cover plate may be removed
from the intermediate frequency transmitter unit
and secured to the outside frame of the power
and control unit where the defective intermedi-
ate frequency transmitter unit was - removed;
thereby operating the plunger switch 771, With
switeh 777 now operated, 115-volt current is ap-
plicable from conductor 765, over the contacts
of switch 771, over conductor 788, contacts of
plug and jack conductor 154, over the contacts
of switch 645, over contacts of plug and jack
connector 754, over conductor 75§ and: thence
to the high voltage supply unit 709 whereby high
voltage is again supplied to the high frequency
transmitter unit. Similarly, if the high fre-
quéncy transmitter unit is removed and a cover
plate is secured to the side frame of the power.
and control unit from which the transmitter;
unit was removed, plunger. switches 778 and 119
are closed, thereby connecting 115-volt current
from conductor 765, over the contacts of plug
and jack connector 752, over contacts of switch.
831, contacts of plug and jack connector 152,
conductor 780, the contacts of switches 118 and
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719, over conductor 756 and to the high voltage
supply unit 760 whereby high voltage is again
supplied to the intermediate frequency transmit-
ter unit.

The apparatus having been described it is be- .
lieved that the mode of operation of the inven-

tion will best be understood from a considera-
tion of a typical problem which the radio instruc-
tor might set up to be worked out by crew mem-

“bers under training. Typical communication con-.

[+

a0

facts which might be required for training would

involve the transmission of orders, messages cov-
ering weather conditions, change in destination,
change in route or flicht plan, airplane condi-

tions, field traffic conditions and airways traf-.u
An almost unlimited variety of

fic conditions.
messages in these and other classifications may
be transmitted between the radio instructor and
the crew members in the trainer. These mes-

sages may be assumed to have points of origin ;

in such places as airport control towers, com-

munication centers, naval bases, ships or carriers,
the trainer or other trainers or simulated alr-
planes. The messages may be transmitted by
CW telegraph, tone-modulated telegraph or by
voice modulated carrier and may be received in
the trainer by the radio operator by either one
of the pilots or by the navigator over the inter-
squadron radio equipment.

The flicht instructor may cooperate with the -

radio instructor by setting up conditions in the
trainer which will require communication be-
tween the trainer and an assumed base. The
radio instructor may order or schedule a change
in frequency of the transmitters or receivers or

both in order to give the radioman in the trainer

practice in tuning the equipment and in operat-
ing the frequency indicator.

For example, the radio instructor may initiate
a message going to the trainer radioman which
will be relayed to the pilot over the interphone
system and which will require the pilot to com-
municate over the intersquadron equipment and
after receiving an acknowledgment or answer to
recall the radioman and give him a message for
transmission by way of radio telegraph to the
base. The communication problem just outlined
will now be discussed in detail.

The radio instructor places his desk. equip-
ment in operating condition by plugging the plugs
1043 and 1045 of his headset 1883, the plug 1846
of his microptione MIC and the plug 1847 of his
telegraph key K into the jacks §842, {044, 1028
and 1023, respectively, in the jack strip of the
desk well and by operating the power switches
AC and DC in the turret {i3 whereupon the
lamps AL and DI light to indicate that the power
is on. Switch DC connects 27-volt direct cur-
rent over cables 927 and 976 to the receiver racks
906- and 909 and switch AC connects 115-voit
alternating current over cable 85f to the power
junction box 933. With switches {184 and 21
operated 115-volt alternating current is applied
over cables 965 and 988 from junction box 933
to: the rectifier units {180 and }i{8 of Fig. 11
which supply plate potentials to the tubes of
the monitoring circuit (156 of Fig. 11, to the
transmitter circuits of Fig. 12 and to the re-
ceivers 964, 905, 8971 and 908 of Fig. 9. 115-
volt alternating current is also applied from junc-
tion box 933 over cable 867 to the monitoring cir-
cuit {150 of Fig. 11, :

The instructor now tunes the No. 1 receiver
unit 804 of the desk to 351 kilocycles by oper-
ating the tuning dial 978 of the left unit of the
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290
receiver control box 982 on the turret 13, sets
the CW—OFF—MCW switch 978 of the control
box to the CW position and operates the TEL
switch 880 of the control box to the TEL—B
position. He sets the transmitter selector switch
TS to the position in which an oscillator circuit
of Fig. 12 whieh is tuned to produce a carrier fre-
quency of 351 kilocycles is selected, for example,
into position 7, and closes the fransmitier power-
on switch TP. With switch TP operated and
switch TS in position 7 a circuit is established
from battery on conductor {818 over switch TP,
conductor 1818, contacts of plug and jack con-
nector 1089, through the filter circuit {238,
through the winding of relay 1218, through the
filter circuit 1226, conductor 1887, contacts of
the plug and jack connector {288, over the No, 7
contact and brush of switeh TS to ground con~
nected to conductor 1627 over contacts of the
plug and jack connector 258, conductor 313 of
cable 3i2, contacts at the junction box (8T of
the flight instructor’s desk, terminal 3{4 cn the
terminal strip 382 at the interphone junction
box, and conductor 322 to ground at the radio-

.man’s interphone control unit 340. The instruc-

tor also operatss the transmitter receiver switch
TR to its open REC position.

The instructor also sets the emission selector
switch S8 inte ifs second or CW position. In this
position brush 1439 is ineffective to apply ground
to conductor 1247 in shunt of resistance 1243, so
that the modulator tube MOD remains blocked,
brush {8408 is ineffective to apply ground over
conductor {248, through filter 1237 to.the upper
terminal of the right winding of transformer 1241
so that the tone oscillator tube OSC is not blocked
from oscillating, and brush {836 is effective to
establish a side-tone circuit: through the side-
tone volume control rhecstat {835 and over con-
ductor 1242 through the lower portion of the right
winding of transformer 4241,

With the key K plugged into the jack 1028,
each time that the key is closed a circuit is es~
tablished from ground at the TEL—B jack of
receiver rack 953, over a conductor of cable 956
to a terminal strip in the turret 112 and thence
over conductor {154 of cable 888, sleeves of jack
(928 and the key plug 1847, over the contacts of
key X, tip contacts of the plug 1847 and jack
1628, conductor {931, contacts of plug and jack
connector i885, conductor 1832, through the fil-
ter circuit 1288, through the winding of keying
relay 1286, thrcugh the filter circuit {239 and
thence as traced over conductor 1819 through
the switch TP te battery on conductor 1618, At
the same time a circuit is established over. a
branch of conductor- 1831 and contacts of relay
1832, over conductor 1834 of cable 360 and
through the windings of relays (not shown but
mounted in the recsiver rack 83€) to battery.
Relay 1205 and the receiver relays follow the
operation of the key X, the receiver relays serv-
ing to switch the receivers from their normal
connection with the instructor’s headset receiver.
The receiver relays being standard equipment and
not being directly concerned with the present in-
vention have not been disclosed herein.

Upon each cperation of relay 1208, plate po-
tential from the outpubt of rectifier unit 1108 is
applied over conductor 1188, contacts of plug and.
jack connector 1881, through filter 1236, over the
contacts of relay 1205, through resistance (240
to the plate of the tone oscillator tube OSC and
through the primary winding of transformer
MOT to the plate of the modulator tube MOD.
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- With the grid of tube OSC corirected through
the right winding of transformer 124! and con-
denser {249 to the plate of such tube and no
ground being connected over conductor {248 to
produce a shunt between the grid and plate, tube
OSC oscillates and delivers its 800-cyele output
through the secondary winding of transformer
MIT to the grid of tube MOD. However, tube
MOD is blocked from operation by the resistance
1243 connected to its cathode, since no direct
ground has been applied to the cathode to shunt
such resistance in the operated position of the
emission selector switch SS. The 800-cycle tone
generated by the tube OSC is therefore ineffec-
tive except to provide a side-tone to be heard by
the instructor to apprise him that the transmitter
is functioning.

Relay 1286, however, is effective to apoly plate -

botential from conductor {165, through the fil-

ter 1236, over the contacts of relay 1286, through

resistance {284, through resistance {245 in par-
allel with the right secondary winding of trans-
former MOT and cver the contacts of the oper-
ated selection control relay 121§ to the plate of

the left unit of the oscillator tube OSC4 of the .

oscillator unit (284, Since this tube is tuned to
oscillate at a frequency of 351 kilocycles this fre-
quency output is impressed upon the probe en-
closed within the shield of the oscillator and thus

over coaxial cable 8§74 to the coaxial system and

is applied intermittently by the operation of re-
lay 1286 in accordance with the code signals keyed
through the operation of the key K.

Side-tone is applied from the lower portion of
the right winding of transformer 1241, over con-
ductor 1282, over the slider of side-tone volume
control rheostat {635, over brush {036 of switch
S8 set into its middle or CW position, over con-
ductor {037 of cable 880, over a front contact of

the operated receiver relay of the receiver relay .

rack 808 allccated to the No. 1 receiver 904, thence
over a conductor of cable 914 and contacts of the
key 980 at the receiver control box 902 set into
the TEL—E position, thence over another con-
ductor of cable 814 to the receiver rack 906, over
a conductor of cable 855 to receiver rack 809, over
a conductor of cable 358 to the turret and thence
over conductor {152 of cable 858, over tips of jack
1044 and plug {845, through the lower or B re-
ceiver of the instructor’s headset 1802, over the
sleeves of the headset plug 1945 and jack 1044,
over conductor {538 of cable 855 and a conductor
of cable 85§ to ground at the B telephone jack of
the rack 8§8. The instructor heads a side-tone
of the signal which he is sending in his B head-
set receiver.

The message keyed by the transmitter at the
instructor’s desk is transmitted over the cogxial
system including the cable 874, junction box 364,
cable 483, junction box 441, cable £42, junction
box 216 and cable 412 and is received in the re-
celver 468 which may be tuned by the radioman
in the trainer to receive on the frequency band
200 to 1500 kilocyeles. 'To receive the incoming
CW signal, the radioman in the trainer tunes the
receiver 48§ to receive the carrier frequency of
351 cycles and recognizes the signal as a CW type
and therefore operates the emission selector
switch of the receiver to its CW position. The
signal received by the receiver 490 is transmitted
over the cable 482, through junction box 408 and
cable 423 to the radioman’s interphone control
unit 300 where, with the selector switch 805 in
position 1, it is transmitted to and heard in the
.right or B receiver of the radioman’s headset

22

receiver 205 iii the manner previously described.
Having completed the transmission of the mes-

- sage, the key K remains open and relay 1208 at

GO

70

the transmitter of the desk and receiver relay at
the receiver 986 of the desk remain deenergized
whereby the receiver 866 is conditioned for re-
ception. At the trainer when the message has
heen received the radioman operates the switch
306 of his control unit to its upper or inter-
phone on position and proceeds to communicate
the information which he has received to the
pilot. i

To render the interphone system effective
the radioman operates the power-on switch 316
whereby power from the 27-volt battery junction
box 409 is condueted over the conductors of cable
485, through switch 316, resistance 3i8 and the
filaments of tubes AMPI, AMP2 and AMP2 to
ground. Current from conductor 317 is also con-
ducted over conductor 319, through the motor M
of the dynamotor unit 220 to ground over con-
ductor 321. The dynamotor unit thus starts into
opberation and direct current plate potential is
now generated by the generator portion G of the
unit 328 and delivered over a circuit from ground
on conductor 321, through the generator G, over
conductor 322 and through resistance 324 to the
screen grids of amplifier tubes AMPI and AMP2
and in parallel through the two halves of the
primary winding of transformer T2 to the plates
of tubes AMPI and AMP?2 and through resistance
325 through the primary winding of transformer
T4 to the plate of tube AMPS.

With the radioman’s microphone 209 plugged
into the jack 210 current is supplied to the micro-
phone when the talk key 2il is depressed, from
battery conductor 3¢7, through the choke eoil
326, primary winding of input transformer. T4,
conductor 327, rings of jack 218 and the micro-
phone plug, through the microphone, over con-
tacts of key 211, sleeves of the microphone rlug
and jack 210 and conductor 328 to ground. When
now the radioman presses the key 211 to talk and
speaks into the microphone, speech current is
impressed through the windings of input trans-

- former Tl upon the input circuit of the amplifier

tubes AMP{ and AMP2 ang is amplified by them
acting as a push-pull amplifier. The amplified
speech current is impressed from the outputs of
these tubes through transformer T2 and through
the secondary winding of transformer T3 upon
the inpuf circuit of amplifier tube AMP3, is am-
blified by such Iatter tube and is impressed upon
the primary winding of output transformer T4.
The output from the secondary winding of trans-

“former T4 is applied over the upper right con-

tacts of switch 306, over the No. 1 contacts of
arc 318 of switch 305, assumed to be set in po-
sition 1, over conductor 311, tips of jack 204 and
plug 212, through the left or A receiver of the
radioman’s headset 285, thence over the sleeves

-of plug 212 and jack 204 and conductor 328 to

ground. :

It will be assumed that at this time the selector
switch PSS at the pilot’s control box is in’ its
No. 3 selection or No. 4 terminal position, and
that the receiver switch 214 at the control hox
is in its upper or “Out” position. Under these
conditions the output of transformer T2 is ap-
plied over conductor 329 to a terminal post on
strip 302, thence over conductor 330 to a terminal
on strip 207, through the potential divider com-
prising the volume control rheostat 215 and re-
sistance 2{6 to ground terminal 266 on the strip

- 207, which terminal is connected over conductors
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415 and 332 to.ground at.the radioman’s:control
unit. From the siider of rheostat 215 a circuit
extends. over the upper left contacts of switch
214, over the No. 4 terminal and brush 217 of
the upper section of switch PSS, over conductor
248, over the tips of jack 219 and plug 2268 at the
pilot’s station box 221, through the right .or B
receiver of the pilot’s. headset 222, over the
sleeves of plug 226 and jack 218 and conductor
223 to ground terminal 205. A branch from con-
ductor. 330 also extends through the potential
divider comprising the volume control rheostat
224 and resistance 225 to the ground terminal
206, from the slider of which rheostal a circuit
.extends- over  the upper right contacts of: switch
244, over the No. 4 terminal and brush 228 of
the mext to. upper section of switch PSS, over
conductor: 227; over the tips of jack 228:and.plug
238 ab the copilot’s station box 230; through:the
right..or B:receiver of the copilot’s headset 231
over the sleeves of plug 228 and jack 228 and
conductor 232: to the ground terminal 286. A
further-branch. from conductor 338 -also extends
.over: conductor 2233; through the potential divider
.comprising the:volume control rheostat 234 and
resistance 235 at the navigator’s station box 236,
over conducter 237 to the ground terminal 206,
from the slider of which rheostat a circuit ex-
tends over the tips of jack 238 and: plug 288,
through the right cr B receiver of:the navigator’s
‘headset 248, over the sleeves of plug 239:and.jack
238-and .over-conductor 237 to the.ground termi-
nal 286. Thus both. pilots and: the navigator
may, if their headsets are plugged into their
station boxes, hear the message transmitted over
the interphone system by the radioman.

At the same.time a branch of conductor 328
extends from a terminal of strip 352 of.the in-
terphone. junction box 283, over conductor 331
extending through the junction. box 187 at the
flight engineer’s: desk. and over cable {2, over
.contacts of. plug and jack connector 958, to the
monitoring switch S2 in the radio. instructor’s
turret {13. To monitor on the transmission from
the radiomarn’s station in. the. trainer, the in-
structor operates the switch S3:thereby extend-
ing-the circuit from conductor $31 through such
switeh:and: through the:volume control.rheostat
R3; over-conductors 313 and 332 to ground at-the

radioman’s: interphone: control unit 308. From . ;

the- slider-of rheostat B3 a circuit. extends over
.conductor 19484 of cable 18062 to the.control grid
of-amplifier tube AMPS of the monitoring:ampli-
fier- unit. 11508. The speech input thus applied
to amplifier tube AMPS is amplified thercby and
impressed upon the input of the left unit of
amplifiar tube AMPS8 which further amplifies the
.speech- and applies it over conduetor 154, over
the tips of jack 1842 and headsst plug 1043
through. the upper or A receiver of the radio
instructor’s: headset 9863 and thenee over the
sleeves-of plug. 1043 and jack (842:and over-con-
ductors {154, 1627 of cable {802, 3{3 and 332-to
-ground. . Thus the instructor is enabled to moni-

tor-and determine if the message which he has |

transmitted to the trainer has: been correctly
repeated by the radioman to the pilot.

Ifi the other crew members have their headsets
plugged up at. their station boxes: they are also

gble to hear the message passed on to the pilot..

This is-possible sinca the-output from:the ampli~
fiers of the radioman’s control unit is impressed
upon. conductor 228 and transmitted over: con-
ductor: 333.:to the station junction box 281 Af
‘this: box..conduector 333 is' connected over con-
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duetor Z8; over the slesves-of jack 242 and plug
283, through tie bornbardier’s headset 284 tips
-of plug 24%5'and jack 242, through the volume con-~
trol rheostat 24% and cenductors 246, 334 and 332
to: ground and is cennected over conductor 3385,

- glesves of jack 338 and plug 331, through the

flight engin eer’s Headset 338, tips of plug 33T and
jack 338, through rheostat 239 and over con-
ditetors- 348 324°and 232 to ground. Thus the
Fombardier and the Aight engineer may heay the
instructions passed on from the radioman to the
pilot and may act thereon if necessary. If the
maintenance man bhas plugged up his headset into
the jack 247 at the control bay’s station box {18
he'will also hear the instruetions over conductors

.of cabie 288 connecting the station box with the

juncticn box 2§1.
In addition the flight instructor may also Licar
the instructions over a branch from the output

.conductor 328, conductor 33{ extending thrcugh

the junction box 187 at the flight instructor’s desk,
over: conducior {02 contacts of key {081, if op-
erated, through the volume control rheostat 1848,

over conductor 1048 of cable 1828 and conductors
- 33 and 382 to ground. From the slider of rheo-

stat 1048 speech current is impressed upon the

Cinput circuit of the lower unit of amplifier tube

1618, is araplified by such tube and appiied
through the lower windings of transformer 1817,
over the contacts of jack 1912 and headset plug
{859 to the right or B receiver of the flight en-
eineer’sheadsst ¢ 4.

If the pilot desires to increase the intensity of
the reception-in his right' or B headset receiver

~and the right or B headset receiver at the co-
pilot’s station he may do so by operating the
switeh 214 to its lower or IN position in which

position the cutput conductor 338§%is disconnected
and-an outpub circuit from the secondary wind-

ing-of transformer T4 is extended over conductor

384 to a terminal of terminal strip 342, thence

-over: conductor 342 and over the lower contacts

of switch 2{4 and thence as traced. to fie right
Leadset reeeivers of the pilot’s and copilot’s head-

-sets 222 -and 231 respectively. For enabling the

radic instructor to monitor on this speech output
current, & monitoring conductor 243 extends from
the junction point between conductors 24{ and
342 on the terminal strip 802, through the junc-
tion: hox 87 and through cable 312, over con-
taects-of the plug and jack connector 958, through
the switch S4 when operated, through rheostat
Ré-to ground over conductor 313, speech current
being derived at the slider of rheostat R4 and
applied over conductor 40584 of cable 1082 to the
input circuit of the right unit of tube ANMPS which
araplifies it and impresses it upon the left unit
of tube AMPS which further amplifies it and, as
previeusly described, impresses it upon the upper

v or A receiver of the instruetor’s headset 1863.

To acknowledge the receipt of the message from
the radioman the pilot depresszs the talk key 248
associated with his rnicrophone 249 and sreaks.
A& speech circuit is thereupon established from
ground on conductor 223 over sleevss of jack 259
and vlug 2581, over contacts of key 248, through
the microphone 248, over rings of piug 251 and
jack 258, conductor 252, brush 253 of the next
to the'lower section of the selector switch PSS at
the pilot’s control -box zet on the No. 4 terminal,
over cecnductor 344, a terminal on ferminal strip
302, conductor 345, through the primary winding
of input transformer T, choke: coil 2326 and to
battery cn conductor $47. This speech current is
impressed upon the inputs of amplifier tubes
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AMP! and AMP2, is amplified thereby and by
tube AMP3 and applied through transformer T4,

over the upper right contacts of switch 368, over

the brush of arc 3i8 of switch 305, assumed fo
be in position 1, and thence as previously de-
scribed through the leff or A receiver of the radio-
man’s headset 205,

In the meantime the radio instructor tunes his
No. 2 radic receiver 865 to the preassigned fre-
quency of 2.85 megacycles, through the opera-
ton of the right unit of the receiver control box
902 in the turret {13, sets the CW—OFF—MCW
switch 888 of such receiver control box to the
MCW position for voice reception and sets the
telephone switch 985 to its TEL—B position.

The pilot now proceeds to carry out the in-
structions which he has received from the radio
instructor which it is assumed requires him to
communicate with the other airplanses of his
squadron by radio. Before proceeding to do this
he operates selector switch PSS at his control box
208 into position No. 8 which is the rosition set
aside for the pilot to transmit and receive over
a radio channel. The pilot will see that the plug
457 of cord 458 is inserted into the TEI—B jack
of the right unit of the receiver control box 428
located on his pedestal and wil] see that the plug
477 of the cord 478 is inserted in the MIC jack
of the transmitter control box 458 which is also
located on his pedestal. The pilot will then set
the transmitter selector switch 48§ into position
1 to select the No. 1 transmitter 452 for use which
transmitter it is assumed has previously been

tuned to transmit on the frequency of 2.85 mega-~

eycles and will set the emission selection switch,
487 to its No. 3 or voice position.

To talk with the other airplanes of the sgquad-
ron the pilot operates the talk key 248 associated
with his microphone 249 thereby establishing a
speech transmission path from ground over the
sleeves of the plug and jack connector 477, over
conductor 254 of cord 478, over conductor 223,
sleeves of jack 258 and plug 251, contacts of key
248, through the microphone 249, rings of plug
251 of jack 258, conductor 252, brush 2538 in en-
gagement with the No. 8 terminal of the next to
the lower section of the switch PSS, conductor

257 of cable 418, through the primary winding of .

the voice input transformer (not shown) of the
modulator unit 451 and thence to battery. Tn the
manner fully described in the Patent No. 2,458,550,
granted January 11, 1949, to E. I.. Baulch, the
modulator 451 and transmitter 452 function to
transmit by voice modillated emission under the
control of the pilot’s microphone 249, the emis-
sion frem the transmitter being applied over the
coaxial cable 488, through the coaxial junction
box 441, coaxial cable 483, through the junction
box 860 and over the coaxial cable 947 to the
No. 2 receiver 985 at the radio instructor’s desk.

The operation of the talk key 248 also closes
a circuit which may be traced in part from ground
over the sleeves of the plug and jack connector
4711, over conductor 254 of cord 478, conductor
223, sleeves of jack 256 and plug 281, contacts of
key 248, over the tips of plug 251 and jack 258,
conductor 255, the No. 8 terminal and brush 25§
of the lowermost section of switeh PSS, conduc-~
tor 258 of cord 478, over a conductor of cable 454,
through windings of relays (not shown but
mounted in the receiver rack #425) to battery,
whereby such relays operate upon each closure
of the contacts of talk key 248 to establish a
sidetone circuit from the modulator unit 451,
over a conductor of cable 454, over the front con-

10

15

20

30

40

45

50

55

60

65

75

26

tact of the relay of receiver 422, over a conductor
of cable 430 to the receiver control box 428, over
contacts of switch 490 thereof set into its TEL—B
position, over conductor 259 of cord 458, brush
217 of the upper section of switch PSS, set in the
No. 1 position, over conductor 218, tips of jack
219 and plug 228, through the right or B receiver
of the pilot’s headset 222, sleeves of plug 220 and
jack 219, conductor 223, and conductor 260 of
cord 458 to ground over the sleeves of the plug
and jack connector 457 at the receiver control box
428. The pilot is thus enabled to hear a side-
tone from the radio transmitter each time that
he operates the talk key 248 and speaks.

At the insfructor’s desk the message trans-
mitted by the pilot is received by the receiver
805, such receiver at this time simulating a re-
ceiver which might be installed in another air-
plane of the same squadron with the airplane
being simulated by the trainer. The speech out-
put from the receiver 905 is applied over a cir-
cuit which may be traced in part from the out-
put of receiver 905, over a back contact of the
receiver relay on receiver rack 906, over a con-
ductor of cable 815, over contacts of switch 985
at the receiver control box 992 set into its TEL—B
position, over another conductor of cable 915, tips
of the TEL—A and TEL—B jacks of the receivers
904 and 905, tips of the plugs of cord circuits 954
and 959, tips of the TEL—A and TEL—B jacks
of the receivers 907 and 998, tip of the plug of
cord 958 and over the tip conductor of such cord
to the terminal strip in the turret {18, thence
over conductor (182 of cable 959, tips of jack
1044 and plug 1045, through the lower or B re-
ceiver of the radio instructor’s headset 1003,
sleeves of plug 1045 and jack 10844, conductor
1838 of cable $59, terminal strip of the turret
113, sleeve conductor of cord 956 to ground over
the sleeve terminals of the plug and TEL—B
jack at the receiver 908. The radio instructor
thus hears the message transmitted to the pilot
in the trainer. :

The radio instructor may also monitor on the
microphone input applied to the radio trans-
mitter 452 over a branch circuit extending from
conductor 257 of cord 478, over conductor 353,
through monitoring key S2 when operated, and
through rheostat R2 to ground on conductor
1021, a derived speech circuit extending from the
slider of rheostat R2, over conductor 1062 of
cable 10802 to the control grid of the right unit of
tube AMP4 of the monitoring amplifier circuit
1150. Tube AMP4 amplifies the speech input and
applies it to the left unit of tube AMPS which
further amplifies it and applies it over conductor
1181 and thence as previously described through
the upper or A receiver of the instructor’s head-
set 1603, .

Upon the termination of the reception of this
message the radio instructor sets the transmitter
selector switch TS to its No. 5 or 2.85-megacycle
position, sets the emission selector switch SS to
its first or voice emission position, operates the
IR switch to its. right or radio position, and .
answers the pilot’s call by holding the talk key
1052 closed while he speaks into his microphone
MIC. The instructor thus simulates the radio-
man of another airplane when answering this
call.

When the selector switch TS is operated into
its No. 5 position, a circuit is established from
battery on conductor 1018, over switch TP, con-
ductor 1019, contacts of plug and jack connec-
tor 1000, through the filter circut 1239, the wind- )
ing of relay 1214, through filter circuit 1224; con~
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ductor {028, contacts of plug and jack connector
1009, over the No. 5 contact.and brush of switch
TS and to ground on conductor 1027. With

- switch SS in its voice emission position, brush
1039 connects ground to conductor 1247 in shunt
of resistance 1243 thereby removing the resist-
ance block from the cathode of modulator tube
MOD to render this tube effective, brush 040
connects ground over conductor {248 through the
filter circuit 1287 to the control grid of the tone
oscillator ‘tube OSC to render such tube ineffec-
tive and brush 1036 prepares the side-tone cir-
cuit from the upper left side-tone winding of
transformer MOT, over conductor 1246, through
resistance 1953 to ground and through resistance
1854 and over brush 1036 to the side-tone con-
ductor 1037 of cable 963.

Each time that the instructor operates the
key 1052 to talk, a circuit is established from
ground on conductor 1021, over the lower con-
tacts of switch DC, sleeves of jack 1628 and plug
{046, contacts of key 1052, tips of plug 1046 and
jack 1028, lower right contacts of switch IR,
conductors {832 and 1934, through filter circuit
1238, through the winding of keying relay 1206,
through. filter circuit 1239, conductor 1019 and
through switch TP to battery on conductor 1018.
At the same time 4 branch circuit is established
from conductor §031, over contacts of relay 1033,
conductor 1834 of cable 960 and thence as traced
through the windings of the receiver relays
mounted within the receiver rack 906 to batfery.
Relay 1288 and the receiver relays follow the
operation of key 1952, theé receiver relays serving
to switch the receivers from their normal con-
nection with the instructor’s upper or A headset
receiver.

Upon each operation of relay 1206 plate po-
tential from the output of rectifier unit {100 is
applied to theé plate of the modulator tube MOD
and through resistance (244, resistance 1245 in
paraliel with the right secondary winding of
transformer MOT, over contacts of operated
selector relay 1214 to the plate of the left unit
of oscillator tube OSC3 of oscillator unit 1203,
Since the cathode of tube MOD has been con-
nected to ground over conductor 1247 the modu-
1ator tube is now responsive to speech input imn-
pressed upon the transformer MIT. This speech
input is applied over a circuit extending from
ground, over the sleeves of jack 1028 and plug
{046, over contacts of key 1052, through the mi-
erophone MIC, rings of plug 1045 and jack 1028,
through resistance 1055, or directly through the
contacts of key 1056 dependent upon the type
of microphone used by the radio instructor, over
the upper right contacts of switech IR, conductor
1051, through the primary winding of trans-
former MIT, conductor 1058 and through re-
sistance 1058 to battery on conductor 1018. This
speech input is impressed upon the control grid of
tube MOD over g circuit extending from ground
through the left winding of transformer (241,
throughk the secondary winding of transformer
MTIT to the control grid of tube MOD. The out-
put of tube MOD is impressed from the primary
winding of transformer MOT upon the right sec-
ondary winding of such transformer and thence
over the circuit previously traced to the plate
of oscillator tube OSC3 whereby the 2.85-mega~-
cycle carrier frequency of the oscillator tube
0SC3 becomes voice modulated.

Over the side-tone circuit previously traced
from the left secondary winding of transformer
MOT to conductor {037 of cable 960, a side-tone
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of the speech modulated signal impressed upon
the probe of the oscillator unit (268 and applied
over coaxial cable 874 to the coaxial system is
heard by the instructor in the lower or B re-
ceiver of his headset {803 in the manner pre-
viously described. The message thus f{rans-
mitted over the coaxial system is picked up by
the No. 2 receiver 422. This receiver has been
tuned by the pilot through the tuning dial 491 at
the receiver control bhox 428 {o receive on the
carrier frequency of 2.85 megacycles. The out-
put of this receiver is conducted over a back
contact of the associated receiver relay (not
shown), over a conductor of cable 4390, contacis
of switch 490 which the pilot has operated to the
TEL—B position, tips of the plug and jack con-
nection between cord 458 and the control box 428,
over the tip conductor 258 of cord 458, brush
2i7 of the upper section of switch PSS posi-
tioned on the No. 2 terminal, over conductor 218,
tips of jack 219 and plug 220, through the right
or B receiver of the pilot’s headset 222, sleeves
of plug 228 and jack 218, conductor 223, and
conductor 260 of cord 458 to ground over the
sleeves of the plug and jack connector 457 at the
control box 428. The pilot is thus enabled to
hear the replies from the radiomen of the air-
planes of the sguadron as simulated by the radio
instructor.

The navigator in the trainer may also hear
the replies over a branch circuit extending from
the terminal 264 in which the cord conductor 259
terminates on the pilot’s control box ferminal
strip 207, over conductor 281, tips of jack 262
and plug 263, through the navigator’s left or A
headset receiver, sleeves of plug 263 and jack
262, conductor 237 to the terminal on the termi-
nal strip 207 to which the cord conductor 260
is connected.

The radio instructor may monitor on the re-
ception thus incoming to the trainer by operat-
ing the monitoring key S! in the twrret {i3.
With the key operated speech current over con-
ductor 259 of cord 458 is connected from ifs ter-
minal 264 on the terminal strip 207, over con--
ductor 348, contacts of key Si, through rheostat
RI to ground on conductor 313, a derived circuit
extending from the slider of rheostat Rl over
conductor 1060 of cable (002 to the grid of the
left unit of amplifier tube AMP4 of the monitor-
ing amplifier unit 1150. This amplifier tube
amplifies the received signal snd impresses it
upon the input circuit of the left unit of ampli-
fier tube AMPS which further amplifies it and
impresses it upon conductor {{&1 and thence as
traced through the upper or A receiver of the
radio instructor’s headset 1003.

The copilot may also hear the incoming rnes-
sage over the left receiver of his headset 231 over
a branch from terminal 264, over brush 255 and
the No. 8 terminal with which it is engaged, con-
ductor 266, tips of jack 257 and plug 288, through
the left or A receiver of headset 231, sleeves of
plug 288 and jack 267, conductor 232 and thence
to cord conductor 260.

The pilot having received the incoming mes-
sage from the other assumed airplane or air-
rlanes of the squadron, proceeds to recail the
radioman in the trainer by operating the recall
key 271 and then operates the control switch PSS
into either the No. 3 or No. 4 position for enabling
him to talk with the radioman. When the key
274 is operated, a circuit is established from
ground applied to terminal 268 from the radio-
man’s control unit 308 over the confacts of key
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271, conductors 347 and 348 and through the re-
call lamp 349 at the radioman’s interphone con-
trol unit 380 to battery on conductor 317. When
the radioman sees the lamp lizhted, he acknowl-
edges the call by operating his talk key 214 and
speaking into his microphone 209 whereupon
speech current is impressed upon the primary
winding of transformer T!, is amplified by the
tubes AMP1 and AMP2 and is impressed from the
secondary winding of transformer T2 over the
circuit previously traced through the right or B
receiver of the pilot’s headset 222.

A branch of the cireuit over which recall lamp
349 is lighted, extends from conductor 341 over
conductor 353 of cable 3{2, through recall lamp
RC in the turret on the radio instructor’s desk,
over conductor 351 of cable 312 and conductor

10
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352 to battery on conductor 3!7. The radic in-

structor is thus informed that the radioman in
the trainer is being recalled. He may monitor on
the radioman’s reply to the recall signal in the
manner previously described by operating the
monitoring key S3. ' '
Following the response of the radioman, the
pilot may then pass to him instructions for re-
plying to the message earlier received from the

20
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base radio station. The circuit over which the

pilot speaks fo the radioman extends from the

pllot’s microphone 248, over the circuit previ- -

ously traced, to the primary winding of trans-
former Ti at the radioman’s control unit 380,

the speech current being amplified by the ampli- |
fier tubes AMP{, AMP2 and AMP2 and impressed.

as previously described upon the left or A receiver
of the radioman’s headset 205. The radio in-
structor may monitor on the transmission to the

radioman as previously described by operating‘

the monitoring key S4.

If at the time the original instructions came

from the radio instructor, the copilot rather than

the pilot had been in charge of the trainer. Then

he would have set the control switch PSS at the
pilot’s control box 208 into position 2 rather than
into position 1, whereby circuits similar to those
previously traced would be established from the
copilot’s station box 238 to enable him to control
the speech input from his microphone 288 over
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cable 478 fo the radio transmitter 452, to enable

him to hear side-tone over the receivers of his
headset 23{ and to hear an incoming signal re-
ceived by the radio receiver 422 and transmitted
to his headset receivers over cable 458,

If at the time the original instructions come
from the radio instructor, both pilots are cceu-
pied, the navigator may take charge of the signal-
ing by operating switch 278 at his station box
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236, first to its upper position in which position -

he may acknowledge the reception of the mes-
sage received from the radioman over the inter-
phone system. With switch 270 in its upper
position, when the navigator operates his talk
key 272, a circuit is established from ground over
conductor 287, sleeves of jack 274 and plug 273

at the navigator’s station box 236, through the

key 272 and microphone 275, rings of plug 273
and jack 274, upper left contacts of switch 270,
conductors 276 and 344, conductor 345 and thence
as traced through the primary winding of input
transformer T at the radioman’s control unit 366.
This speech current is amplified and applied as
breviously described to the interphone system
where it is heard by the radioman. When later

the navigator desires to transmit to other air-

planes of the squadron to impart the message

received from the radioman of the trainer, he’
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operates the switch 279 to its down position in
which position his michophone 2715 is connected -
to the input of the radio transmitter 452 over
cord 478, which circuit may be traced in part

from conductor 254 of cord 478, over conductor

231, sleeves of jack 274 and plug 273, through
the key 272 and microphone 275, rings of plug
213 ‘and. jack 274, lower left contacts of switch
278, conductor 277 and thence to conductor 257
of cord 418. " - '

The operation of the talk key also closes g cir- °
cuit which may be traced in part from ground
over conductor 254 of cord 478, conductor 237,
sleeves of jack 274 and plug 213, through the key
272; tips of plug 273 and jack 274, lower right
contacts of switch 279, conductor 218, conductor
238 of cord 478 and thence as previously traced
for controlling the relays of the receiver rack
425 for establishing a side-tone cireuit for the
modulator unit 88§. The side-tone circuit ex-
tends as previously traced over conductor 259 of
cord 488, conductor 261, tips of jack 262 and plug
283 at the navigator's station box 236, through
the left or A receiver of the navigator’s headset
248, sleeves of plug 283 and jack 262, conductor
237 and thence to conductor 268 of cord 458,

To transmit a message to the base station,
which the radio instructor will receive as though
he were a radioman at the base station, the
radioman in the trainer uses the transmitter
disclosed -in Figs. 5 to 8, inclusive. To receive
the transmitted message on a carrier frequency
of 351 kilocycles, the radio instructor tunes his
No. 1 receiver unit 9584 to this frequency, operates
the CW—OFF—MCW switch 979 of the receiver
control box 892 to the CW position and operates
the TEL switch 886 of the control box to the
TEL—B position. He also resets the transmit-
ter-selector switch TS to the No. 7 position for
conditioning the transmitter to transmit on a
frequency of 351 kilocycles, sets the emission-
selector switch SS to the CW position and oper-
ates the switch TR to its receiver or open
position.

To prepare the transmitter of Figs. 5 to 8, in-
clusive for transmission, the radioman in the v
trainer, with the power switch PS in its off posi-
tion, sets the switch PCS to its tune position, sets
the switch ESS to its CW position, sets the AC
compensator switches 766, 767, 768 and 769 to )
their upper or on positions and, since a frequency
of 351 kilocycles is to be used for transmission
and therefore the intermediate frequency trans-
mitter unit of Fig. 8 is to be used, he operates
the transmitter selector switch TS to its upper
or IF position. He also plugs his telegraph key
into the key jack 776 and connects the side-tone
jacks T12 and 173 by cords with jacks 488 and
4839 in the receiver junetion box 208 whereby he
may receive side-tone in his headset 205. As-
suming that the trainer is at the time simulating
either a low altitude flight or ground position
and the trailing antenna system 881 should not
be used, the radioman connects the fixed antenna
842 to the fixed loading output terminal 840 and
connects the jumper 843 between the fixed load.
ing input terminal 839 and the radio frequency
output terminal 838. )

With the switch PCS set upon its tune con-
tact, a circuit is established from ground there-
over, over the upper right contacts of the right
section of switch TS, conductor 782 extending
over contacts of the plug and jack connectors
153 and 861, through the filter circuit 803 and
inductance coil 843 to the grid of master oscil-
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lator tube OSC3S. The radioman now operates
the power switch PS to its on-position. 115-volt
alternating current is now applied to conductor
165 and thence as previously described to the
rectifier unit 700, to the filament transformers
826 and 598 and to the transformers 714 and 145
on the chassis 718 of the power and control unit,
and 27-volt direct current is connected to con-
ductor 764.

When the power is turned on, a circuit is estab-
Jished from ground through the fixed antenna
842 connected to terminal 840, through the wind-
ing of the K—185 relay 829 and the winding of
the K—104 relay 838 in series to battery on con-
ductor 764. Due to the resistance of the fixed
antenna 842, the marginal relay 833 does not
operate but relay §29 operates, whereupon a cir-
cuit is established from ground over the back
contact of relay 838, the front contact of relay
829, the antenna loading input terminal 839,
connected over the jumper 843 to the antenna
output terminal 838, thence through the wind-
ing of the K—i87 relay 831 and the winding of
the K—I108 relay 822 in series to battery on con-
ductor 784. Both relays 831 and 832 now operate.

Tuning the intermediate frequency
transmitter unit

It has been assumed that transmission is to
be on a. frequency of 351 kilocycles and therefors
the radioman now sets the M. O. or master oscil-
lator range selector confrol A into its second
selection position for an emission range between
335 and 280 kilocycles and sets the P. A, or power
amplifier range selector control C into its sec-
ond selection position for an emission range
between 320 and 375 kilocycles. He also sets
the antenna coupling control H to adjust the
slider of potentiometer 82§ to its midtap posi-
tion in which the maximum potential of
phase o1 will be applied from conductor 788,
over the inner right back contact of the K—102
relay 833, through resistance 844 to the grid
of the left unit of amplifier tube 822 to pro-
vide the maximuwm negative impulses on the
grids. of tube 825. The radioman alsc sets the
M. O. tuning control B into a position, in ac-
cordance with the calibration chart of the
transmitter, to adjust the tuning coil 886 to s

position  in which the master oscillator tube |,

OSC8 will oscillate at an approximate frequency
of 351 kilocycles. The setting of the control also
adjusts the potentiometer 308, the winding of
which is energized from the phase ¢2 supply
conductor 759, whereby a potential of phase ¢2
of a value commensurate with the frequency of
351 kilocycles is applied to conductor 845 and
thence through resistance 846 to the grids of
amplifier tube 821 and through resistance 847 to
conductor 848.

The radioman next operates his telegraph key,
which he has plugged into jack 779, whereupon
a cireuit is established from ground over the
sleeves of jack 770 and the key plug through the
key and over the tips of the key plug and jack
118 and through the winding of the K—20i key-
ing relay 774, to battery on conductor 764, With
relay 114 operated, the PAIc or power amplifier
grid current meter 849 operates over a circuit
which may be traced from the 250-voli plate
supply conductor 737, over contacts of the plug
and jack connector 752, through the meter 8{9,
over conductor 848, through the variable resistor
136, conductor 7142, over the upper left contact
of the left section of switch TS and over upper
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contacts of keying relay 174 to ground. The
resistor 138 is so adjusted that the meter will
read about 40 milliamperes. Alse in response to
the operation of the keying relay 774 250-volb
plate potential is applied from conductor 757,
over the left front contacts of relay 174, over
conductor 799 to the plate of the oscillator tube
0OSC7T which now functions to produce a 16060-
cycle tone, and connects the 250-volt potential
to the screen grid of the modulator tube MOD7?
and through the primary winding of output
transformer 71T to the plate of tube MODT. The
modulator tube MOD? is not effective, however,
since with the emission selector switch TSS set
into the CW position its confrol grid is con-
nected to direct ground. 250-volt potential is
also applied from conductor 799, through the
secondary winding of transformer 717, over con-
ductor 858 extending over contacts of the plug
and jack connectors 7§52 and 804, through the
filter circuit 884, through inductance coil 851
and the horizontal winding of tuning coil 8086
to the plate of the master oscillator tube OSCS.
This tube will now oscillate at approximately the
frequency of 351 kilocycles.

A side-tone from the osecillator tube OSCIT is
transmitted to the radioman’s headset receivers
to apprise the radioman that the transmitter is
functioning, over a circuit which may be traced
from ground through the left winding of trans-
former 71§ and through the winding of volume
control rheostat 776 to ground, a portion of the
side-tone current being transmitted from the
slider of rheostat 776, through resistance T15
over the tip of jack 712 and the tip conductor of
the cord plugged up in the jack, over the tips of
interconnected jacks 488 and 418, over the tip
conductor 420A of the cord 420 to the No. 5 ter-
minals of the arcs 387 and 348 of confrol switch
305, which it is assumed the radioman has set
into position 5 to enable him to listen in on both
receivers of his headset 268, over conductors 308
and 31l through both receivers of the headset

205 and returning over conductor 328, sleeve con-

ductor of cord 420, sleeves of jack £8% and 418,
sleeve conductor of the cord connecting jack 488
_v;v-’igh jack 772 and to ground on the sleeve of jack

A side-tone circuit is also sstablished from
ground through the left winding of transformer
Ti6 and thence to ground through resistances 739
and T40, a branch from the junction point be-
tween these resistances extending over conductor
158, conductor 354 extending through the junc-
tion box {07 and cable 312, through the monitor-
ing switch S-—7 when operated, and through
rheostat R—T fc ground on conductor 1027,
From the slider of this rheostat a tone input cir-
cuit extends over conductor {53 of cable 1882 to
the grid of the left unit of amplifier tube AMPT of
the monitoring amplifier unit {158. Tube AMPT
amplifies this input and applies it to the right
unit of the amplifier tube AMPS8, which further
amplifies i, and applies it over conductor §i52,
over the tips of jack 1044 and plug 1045, through
the lower or B receiver of the radio instructor’s
headset 1003, over the sleeves of plug 1048 and
jack 1044 and conductors {154 and {827 to ground.
The radio instructor is thus able to monitor on
the tuning of the intermediate frequency trans-
mitter unit.

To check the frequency output of the master
oscillator tube OSCS, the radioman connects the
frequency checking terminal connected with the
probe 812 located in the shield of the oscillator
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tinit 800 with the ANT terminal of the frequency
meter 450, and inserts the plug 448 of cord 449
into the jack 355 in the interphone junction box
303 whereby 27-volt battery is supplied over con-
ductor 352, ground is supplied over conductor 332,
plate potential is supplied from the dynamotor
unit 328 over conductor 322, through resistance
386 and over conductor 351, and a side-tone cir-
cuit is established over conductor 358 extending
through the junction box {87 and over cable 212,
to monitoring key S-—8 when operated, and
through the winding of rheostat R—=8 to ground
on conductor 1027. From the slider of this rheo-
stat a tone input circuit extends over conductor
1866 of cable i982 to the grid of the right unit
of amplifier tube AMPT of the monitoring ampli-
fier unit 1159. Tube AMPT amplifies this input

and applies it to the right unit of the amplifier-

tube AMP8, which further amplifies it, and ap-
plies it over conductor 1i52 and thence as traced
through the lower or B receiver of the radio in-
structor’s headset 1003. The instructor is thus
enhabled by hearing the tone signal to determine
that the radioman is using the frequency meter
to check his transmitier. The radioman also
plugs one of his headset receivers into the tele-
phone jack in the frequency meter 456.

The radioman now sets the frequency meter so
that it produces the exact frequency of 351 kilo-
cycles' to which the radio transmitter is to be
tuned. With the frequency meter connected.to
the probe 812 of the master oscillator OSCS, the
output frequency of such oscillator will bz applied
to the frequency meter and will produce a beat
frequency which will be heard by the radioman in
his headset receiver until the oscillator tube OSC§
is tuned to produce the exact 351-kilocycle fre-
quency. The radioman therefore adjusts the
M. O. tuning control B until the beat frequency
becomes zero and then locks the control B in its
adjusted position.

The radio instructor has tuned his No. 1 radio
receiver 884 to receive the 351-kilocycle fre-
quency and on CW emission and he will therefore
hear the emission from the intermediate fre-
quency transmitter of the trainer since there will
be a beat tone produced between the 351-kilocycle
frequency emitted from the oscillator unit 869 of

the transmitter and the oscillator tube of the

recejver 994. The emission by the oscillator unit
800 is picked up by the probe 81f{ and trans-
mitted over the coaxial cable 482, through junc-
tion box 4186, cable 442, junction box 441, cable
483, junction box 900 and cable 945 to the probe
of receiver 904. As previously described, the out-
put from the receiver 904 is transmitted over
cords 954, 955, 956 and 857 to a terminal strip in
the turret 113 and thence over conductor 1065 of
cable 958, over the tips of jack 1842 and plug 1043
through the upper or A receiver of headset 1083,
sleeves of jack (043 and jack 1042, and conductor
1030 of cable 953 to ground. The microswitch
8i0 of the intermediate frequency transmitter
unit does not operate in response to the operation
of the B tuning control unless said control is
tuned to a setting of 390 to 590 and until the
switeh 810 is operated, no circuit is established
from ground over ils contacts and through the
windings of the K—i0{ and K—I102 relays 821
and 8§28 to battery.

Ag soon as the emission frequency of the oscil-
lator unit 886 has been accurately set, the radio-
man disconnects the frequency meter 450, re-
plugs his headset into the jack of his station box
and sets the power control switch PCS into its
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Y% power position whereupon ground is retnoved
from the grid of the oscillator tube OSC8 and such
tube ceases to oscillate. The instructor no longer
hearing the carrier frequency beat in his A re-
ceiver now knows that the radioman has com-
pleted the tuning of the master oscillator unit
800. With the switch PCS in its Y% power posi-.
tion, a eircuit is established from ground over the
switch PCS and through the winding of the
K—204 relay 720 to batiery on conductor 7164
whereupon relay 729 operates. _

Before proceeding with the operation of the
transmitter in simulation of the tuning thereof,
it may be noted that the operation of the various
meters with the exception of PAlc meter 819 of
the intermediate frequency transmitter and the
filament voltage meter 162 of the power supply
and control circuit of the transmitter is basically
the same for all meters and consists of essen-
tially a 60-cycle bridge circuit, the detector of
which is an amplifier tube, such as 821, a rec-
tifier tube such as 823 and a cathode follower
or “meter tube” such as 825, with a meter con-
nected into its cathode-plate circuit. . When the
bridge is balanced or in a “tuned” condition no
potential is produced at the cathode follower or
meter tube grid. The normal or “in tune” current
of the meter is met by means of an adjustable
series. cathode resistor one of which is supplied.
for each setting of the power control switch PCS
as for example the variable resistors 725, 726
and 121, that is, in the %, % and full power posi-
tions.

The bridge consists of two potentiometers one
connected to phase @1 conductor 758 or one-haif
of the 135-volt transformer 786 (center tap
grounded) and the other to phase g2 conductor
188 or the other half of the transformer. At
balance Eoi+Egp2=0. Thus, one potentiometer
is' positioned by the master oscillator frequency
control B and the other produces a balance or is
“in tune” at a position determined by frequency.
The sliders of these potentiometers are connected
to the grid of an amplifier tube through equal
high resistances. The output of the amplifier
tube operates a. shunt diode rectifier which in
turn controls the grid of the “meter tube.” Off-
balance then, either increases or decreases the
normal meter current according as the diode is
connected positively or negatively. Therefore by
using the diode connected in either one way or
its reverse, the simulation of a tuning “nul” or
a tuning “peak” is produced, that is, a plus diode
with respect to ground produces a nul charac-
teristic and a negative diode produces a peak
characteristic. .

The sharpness of the peaks or nuls, the final
value of the current at large unbalances, etc. is
controlled by proportioning the parameters of the
circuit. Any one of various bridges is made to
control any one, part, or all of the meter cir-
cuits needed to simulate the actual meter opera-
tions by means of integrating resistors from the
diodes to the meter tube grid involved. Meter
response time is controlled by a comparatively
large shunt capacitor when the actual meter is
of g thermocouple type otherwise just sufficient
capacitance is used to smooth the diode output.

For controlling the power amplifier plate cur-
vent or PATr meter 763, the left unit of the meter
tube 825 is used under the control of the left
units of the amplifier tube 821 and rectifier tube
823, the left unit of rectifier tube 823 being so
poled as to produce a tuning peak, and also under
the control of both units of the amplifier tube
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£22 and rectifier tubs 824.
824 are so poled as to produce tuning nuls.

of phase pr is applied from conductor 158, over

conductor 852, over the inner right back con~
tact of relay 833 and through resistance 844 to-the:

eridt of the left unit of amplifier tube 822. The

alternating current impulses of phase @1 are am-

plified by the tube §22 and impressed through re-

sistance 853 to ground. The positive impulses.

are shunted off to ground through the left unit
of the dicde rectifier tube- 824 bub the negative
impulses are applied from the amplifier side of
resistance 853, through resistance 854 and con-
denser 8§85 to ground thereby charging the con-
denser 855 negatively. The grid of the right unit
of amplifier tube 822 is connected over the outer
right back contact of reiay 833 and through re-
sistance 856 to ground so that the right units of

tubes 822 and 824 have no effect at this. time. 5

Until the power amplifier tuning control D has

been adjusted to simulate the tuning of the power

amplifier to the frequency of the master oscil-

lator 800; the potential of phase @2 applied from.

the phase g2 supply conductor 759 by the poten-
tiometer 898 through the setting of the master

oscillator tuning contrel B, over conductor 845

and through resistance 848, will not balance the
potential of phase ¢: derived from the phase o1
supply condueter 158 through the slider of potenti-

ometer 834 and- applied through resistance 851 to
the grid of the left unit of tube 821, therefore, so.

long as there is such an unbalanced potential,
impulses will be: applied to the- grid of the left
unit of tube 821, amplified by such tube and im-
pressed over a eircuit extending through resist-
ances 858 and 859 to ground. The negative im-
pulses are shunted off to-ground through the left
unit of the diode rectifier tube 823 but the posi-

tive impulses are-applied from the junction point 4

between: the resistances 858 and 859 and through
resistance 868 to the condenser 855. to: charge: it
positively. Due-to the fact that tube 822 is-charg-
ing condenser 855 negatively and tube 82f is
charging it positively, a potential will appear on

the grid of meter tube 825 which will cause it to:

become conducting.

With- tube 825 conducting a GII‘CUlt- is:-estab-
lished from the 250-volt supply conductor 75T,
across: the plate-cathode path. of tube 8235, over
conductor 88 I over contacts-of the plug and jack
connector 753, through: the variable resistors 728,
126- and 727, over the inner.lower contacts. of
relay 128, conductor 74, over the upper right
contacts of the left seetion of switch TS, over the
lower contacts of keying relay 114.and. through
the PAIz meter 163-to ground. The meter will,
therefore; show a reading.

The radioman now adjusts the power amplifier
tuning control D-and thereby the slider of poten-
tiometer 834 so that the phase g1 potential grad-
ually inereases until it equals the. phase @2 po-
tential appiied to-the grid of tube 821, and thereby
the potential impulses- applied to the grid of
tube 82# gradually weaken: until they cease. As
a consequence- the positive impulses applied to
charge the condenser 855 grow weaker until they
cease -and the grid of meter tube, as determined
by the charge on condenser 855, becomes more
necative and tube-825 becomes:less-conductive to

sduce the current flowing through the mefer
163 to:a minimum which is determined by the ini-
tial setting of the variable resistors 125, 126 and
72T, The meter should now read about 40 miili-
amperes,

Both units of tube
With
the K—{03 relay: 833 not yet operated, potential
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The antennsa coupling ccntrol H is now turned.
to about 30 divisions on its scale and the. an-
tenns. loading control E and the antenna tuning
control ¥ are operated until a combination is
found in- which the E—163 relay 833 is opevated.
and a reading on the antenna current meter §i8
results. 'The operation of the control E moves the
brush ef switeh 8i§and the operation of control
moves the brush of switch 847. With the M. O.
range selectorswitch 887 and the . A.range selee~
tor switeh section 844 both previously set into po-
sition 2: through: the-operation of the M. C. range
selector eontrol A and the PA range selector con~
trol € there will: be no- effect upon the reading
of the PATr meter 883 until a combination of
antenna loading and antenna tuning is reached
which will produce resonance or until a eircuit.
is- established for relay 823 to cause a decrease
of the negative bias on the grid of meter tube
correct- combination of the
settings of controls B and F; the best procedure
is: 1o set contrel E into position 1 and then bry
for resonance with control G im steps 1 to 6 of
F then to:seb control B into position- 2 and ag in

ry for resonance with- confrol G- in steps % to b‘
of P ete. When the correct- combination setiing
is attained, the circuit of relay 823 will be es-
tablished, for example, from ground over the
brush of switch 907 positioned on its No. 2 con-

. tact, over conductor 882, the outer contacts: of

operated relay 82%, conductor 853, over the No. 2
contact and brush of switch 814, the brush cf
the antenna loading switch: 846 when set info its
position 3, ever conductor 264, over the right

. back contact of relay 828, conductor 885, the

No. 2 contaet and brush of the PA range se-
lector switch: 8¢5, over conductor 8§88, over the
contacts of relay 334, and through the winding
of relay 833 fo battery on conductor T§4.

With relay 833 operated, the potential of phase
¢1 now applied through the potentiometer 838
set by the antenna coupling control H, cver the
inner left front contact of relay 823 and throvgh
resistance 844 to the: grid of the left unit of tube
822 will'he less than was applied prior tc-the op-
eration: of relay 833 and therefore the strength
of the negative impulses applied: to the condenser
855 will be less. At the same fime potential of
phase o1 is applied: from eonductor 788, through
potentiometer 835, through resistance 88%, over
conductor 848, over the outer right front contact
of relay 833 to the grid of the right unit of am-~
plifier tube 822 and peotential of phase o2 i5 ap~
plied from the phase gz supply conductor 158 as
modified by petentiometer 888 set by the M. Q.
tuning contrel B and over eonductor 8435, through
resistance 847, conductor 848, cutzr right front
contact of relay 833 to the grid of the right unit
of amplifier tube 822. Until: these potentials be~
come equal through the adjustment of potentiom-~
eter §35 by the control G, the rzight unit. of
tube 822 functions to amplify the summation: of
the potentials applied to its grid and to apply
the amplified potential through resistances 888
and 869 to: ground. The positive impulses are
shunted. off to ground through the right unit
of the diode rectifier tube 824, but the negative
impulses are applied from the junction poink
between resistances 888 and 288 and through
resistance 8%% to the condenser §55 to charge
it negatively. Thus through both units. of tube
822, negative impulses are applied to negatively
charge condenser 855 and the grid of meter tube
825 is maintained. sufficiently negative to. cause
the meter 163 to-give 3 near minimum reading,.
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Now when the antenna tuning control G is
operated to cause the potential of phase ¢1 ap-
plied over the potentiometer 835 to approach the
value of the potential of phase ¢2 applied to
the grid of the right unit of tube 822, the strength
of the negative impulses applied from the tube
822 for charging condenser 855 decreases and
the negative charge of the condenser starts to
leak away and conseguently the grid of meter
tube 825 becomes less negative resulting in an in-
crease in the reading of the PAIr meter 762 un-
til when the potentials applied to the grid of the
right unit of tube 822 balance no further nega-
tive impulses are transmitted by the right unit
of tube 822 to charge condenser 355 and the
charge on the condenser reaches 4 steady state
as determined by the negative charging impulses
resulting from the operation of the left unit of
tube 822 as determined by the setting of the an-
tenna coupling control H.

Prior to the operation of relay 833 and the
setting of control D to balance the phase g1 and
phase o2 potentials applied to the grids of am-
plifier tube 821, impulses of alternating current
were applied from the output of the right unit
of tube 821 through resistances 815 and 876 to
ground. Due to the poling of the right unit
of the diode rectifier tube 823, the positive com-
ponents of these impulses are shunted off to
ground but the negative components are applied
from the junction point between resistances 815
and 816 through resistance 877 to the condenser
~ 872 to charge such condenser negatively.

With relay 833 operated, the negative impulses
applied under the contro] of the left unit of tube
822, the amplitude of which 'is determined by
the setting of the antenna coupling centrol H,
are applied through the resistance 871 to the con-
denser 872 which becomes further negatively
charged and the negative impulses applied under
the control of the right unit of tube 822, the
amplitude of which is determined by the setting
of the antenna tuning control G, are applied
through the resistance 873 to the condénser 872
to further charge such condenser negatively.
With the condenser 8712 thus charged, the bias
on the grid of the right unit of meter tube 825
is such that the tube establishes a circuit for
the antenna current meter 8i{8 which may be
traced from the 250-volt supply conductor 751,
over the plate-cathode path through the right
unit of tube 825, over the left contacts of relay
833, through the meter 818, over conductor 874
extending over contacts of plug and jack con:
nectors 153 and 71i, through the variable re-
sistors 722, 723 and 724, over the lower contacts
of relay 720, over conductor 142, over the upper
left contacts of the left section of switeh TS
and to ground over the upper right contacts of
keying relay T14. ‘

When the control G has been adjusted, as pre-
viously described, until the potentials of phase
o1 and phase ¢2 applied to the grid of the right
unit of tube 822 become balanced, then negative
charging impulses are no longer transmitted by
the right unit of tube 822 to the condenser 8712
and the charge on such condenser leaks off to a
value determined by the negative impulses ap-
plied thereto by the left unit of tube 822 as
determined by the setting of the antenna coupling
control H. The negative potential applied by
condenser 812 to the grid of the right: unit of
‘meter tube 825 is therefore reduced and the cur-
rent flowing through the meter 818 increases to
‘produce a greater antenna current reading,
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" The radioman now:adjusts thé antéiing @i«
pling control H:to cause the pointer of the PAIs
meter 163 to move to the first red line on its dial.
The movement of the control H causes the slider
of the potentiometer 836 to move toward the
grounded end of the potentiometer winding,
thereby reducing the amplitude of the negative
impulses  applied by the left unit of tube 822
through resistances 854 and 8Ti to negatively
charge condensers 855 and 872 resulting in a re-
duction of the negative potential on the grids
of the meter tube 825 and an increase in current
flowing through the meter 763 and through the
antenna current meter 818.

The power control switch PCS is now set to its
full ‘power- position thereby releasing relay 720
and operating the K—206 relay T18. With relay
T18 operated, variable resistors 726 and 127 are
eliminated from the ecircuit previously traced
through the PAIr meter 763 and the pointer of
such meter thereupon moves to show an increase
in ‘the power amplifier plate current and the
variable resistors 723 and 124 are removed from
the circuit previously traced through the antenns
current meter 818 and the pointer of such meter
moves to show an increased antenna current
reading. The antenna coupling control H is now
readjusted thereby readjusting the slider of po-
tentiometer 836 to change the potential of phase
p1 applied to the grid of the left unit of tube
822 and as a consequence the negative impulses
applied through resistances 854 and 871 to the
condensers 858 and 872 reduce the negative po-
tential on the grids of tube 825 until the left unit
of tube 825 functions to cause the pointer of the
PATr meter 163 to move to the second red line
on the dial or to read 175 milliamperes, and the
right unit of tube 825 functions to cause the
reading of the antenna current meter 8i8 to
increase correspondingly.

Upon the reduction of the potential on the grid
of the right unit of tube 825 to this extent, po-
tential applied from the junetion point of re-
sistances 871, 878 and 877 is applied over con-

p ductor 818 extending over contacts of the plug

and jack connector 753, over the upper left con-
tacts of the right unit of transmitter selector
switch TS and through resistance 137 to the grid
of the amplifier tube unit AMP9. Tube AMPS
now amplifies this potential and applies it to
the control grid of the tuning indicator tube
Ti, the latter tube responding to establish a
cathode-plate circuit from ground, over the vari-
able resistor 738, over the cathode-plate path
through the tube and through the winding of the
K—203 plate relay 12 to the 115-volt source of
alternating current on conductor 156. Relay 121
upon operating connects a shunt ground over its
left contacts to the side-tone circuits, previously
traced, over which the radio instructor and the
radioman have been receiving side-tones from
the tone oscillator tube OSCT indicative of the
fact that tuning of the transmitter has now been
completed by the radioman. Over its inner right
front contact, relay 721 applies ground over the °
cireuit previously traced to the grid of the master
oscillator tube OSCS8, whereupon the master oseil-
lator unit 800 reapplies carrier frequency to the
coaxial system which is heard by the instructor
in his A headset receiver. Relay 121 by opening
its back contact removes the shunt path through
resistance 143 to ground from the conductor
which is supplying plate potential to the plate
of the amplifier tube unit AMP9 to remove a por-
tion of the load on the 4250 volt hattery supply
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to: éotnpénsate for the additional load imposed: by
starting the master oscillator fube OSC8.
“The radioman now readjusts the PA: tuning
control D until the meters 1763 and- 818 indicate
power amplifier plate and antenna currents fog
the: best overall operation of the transmitter. He
will then proceed to key the message: which: he
desires to transmit to the distant base, in the
case assumed, to be received by the radio instruc-
tor, which message will be received by the radie
receiver 964 at the radio instructor’s desk and-ap-
plied to the A receiver of the radio imstructor’s
headset 1003. Upon the completion of the trans-
mission the radioman restores the. transmitter
switches and controls. )

In the preceding description of the tuning of
the intermedigte frequency transmitter unit, a
earrier frequency of 351 Kkiloeycles was assumed.
Had a carrier frequeney in the M. O. range be-
tween. 300 and 335 kilocycles been selected
through the setting of the M. O. range control
A into position 1 and a PA range between 300 and
320 kilocycles been selected by the setting of the
PA range control C into positien 1, then with
the: fixed. antenny 842 and jumper 843 connected
as before to cause relays 829, 831 and 832 to be
operated and relay 830 to be unoperated, then
with relays 82T and 828 unoperated, since the
microswiteh 8i8 has not operated, it will become
necessary to set the antenna loading switch: 816
into position 1 by the operation of control E in
erder to operate relay 833 to secure an increase in
the reading of the PATp meter 163 indicative of
a condition of resonance. Under this condition,

the circuit for relay 833 would be traced from

ground over the brush of switch. 867 in position
1, over condugtor 819, over the inner contacts of
relay 832, conductor 888, over the brush of the
lower section 844 of the PA range selector in
position ‘1, over the brush of the antenna load
switch 846 in position 1, conductor 881, over the
left back contact of relay 821, conductor 882, over
the brush of the upper section 845 of the PA
range selector in: pesition 1, conductor 885, con-
tacts of relay 831 and to battery through. the
winding of relay 833.

If any frequency between 390 and 580 kilo-
cycles is selected and the M. O. tuning control
B is set infto the upper portion of its scale, the
microswitch 848 wilt.operate and cause the oper-
ation of both relays 827 snd 828 as previously
descriped. If, for example, the M. O. range se-
lector control A were operabed to set the switch
887 into position 5. for a freguency range of 398
to 450 Liloeycles, and the PA range selector con-
trol C were operated to set the switshes §i4 and
815 into position 3 for a freguency range of 373
to 450 kilocycles, then when through trial; the
antenna loading cenirol E is operated to seb
switch 816 in pesition 4, and the antenna tuning
step control ¥ is operated to set switch 8471 into
position 2, 3 condition simulating resonance will
be established and relay 833 will operate to ren-
der the meters responsive o the antenna funing
eontrol G. The circuit of relay 832 may be traced
from. ground over the brush of switeh 807 in posi-
tion 2, over the brush of switeh 814 in pesition 3,
over the brush of swifch 818 in position 4, over
conductor 883, the right front contact of relay
828, conductor 8385, the hrush of switch &17T in
position 2, conductor 884, the left front contact
of relay 827, conductor 884, the brush of switch
815 in position 3, conductor §§5 and thence as
traced to batiery through the winding of relay
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If, for example, the M. O. range selector Coii=
trol A were operated to set the switeh 887 inte
position 4 for & frequency range between 450 and
540 kilocyeles and the PA range selector control
C were operated to set the switches 8i4 and 85
into position 4 for a frequency range between
450 and 500 kilocycles, then when through trial;
the antennga loading control E is operated to set
switch 8186 into position 4 and the antenna tun-
ing step control F is operated to set switch 8171
into position 4, a condition simulating resonance
will be established and relay 823 will operate to
render the meters responsive to the antenna tun-
ing control G. The circuit of relay 832 may now
be traced from ground over the brush of switch
8987 in position 4, over the brush of switch §i4
in position 4, the brush of switch 816 in posi-
tion 4, over conductor §23, cver the right front
contact of relay 828, conductor 885 over the brush
of switch 811 in position 4, over conductor 8235,
over the inner right front contact of relay 827,
conductor 888, the brush of switch 2{3 in posi-
tion 4 and thenece over conductor 888 to battery
through the winding of relay 883.

If the M. O. range selector control A were
operated to set the switchh 837 into position 5
for a frequency range hetween 540 and 600 kilo-
cycles and the PA range selector contro! C were
operated to set the switches 8{4 and 815 info
position 5 for a frequency range hetween 500 and
590 kilocycles, then when through trial the an-
tenna loading control ¥ is operated to set the
switch 816 into position 4 and the antenna funing
step control F is operated to set the switch 817
into position 6, a condition simulating resonance
will be established and relay 833 will operate to
render the meters responsive to the antenna tun-
ing control G. The circuit of relay £33 may now
be traced from ground over the brush of switch
807 in position 5, over the brush of switch 814
in position 5, the brush of switch 846 in position
4, over conductor 883, over the right front com-
tact of relay 828, conductor 885, over the brush
of switch 817 in position 6, over conductor 887,
over the outer right front contact of relay 827,
conductor 838, the brush of switch 8i8 in posi-
tion 5, conductor 88§ and thence to battery
through the winding of relay 233,

The fixed antenna 842 may be attached to
the fizxed loading output terminal 840 for any fre-
quency and the trailing antenna 841 may be at-
tached to the radio frequency output terminal
838 for any frequency. Sines in an actual trans-
mitter for freguencies below 400 Kkilocycles a
longer antenna is necessary, the trailing antenna
841, which may be let out to the required length,
should be used -and attached to the radio fre-
guency output terminal 338 if the simulated flight
is at o sufficient altitude to permit the use of the
{railing antenna but if the altifude is insuffi-
cient the fixed antenna 542 may be used but with
sufficient loading added to secure the length of
antenna necessary. In the latter case the fixed
antenna shoyld be connected to the fized loading
output terminal 842 and the jumper 843 should
be connected between the ragio frequency output
terminal 838 and the fixed loading inpub ter-
minal 83%. Skoyld the radioman through error
attach the trailing antenna 8di fo the fixed
loading output ferminal 848 instead of the
fixed antenna, it would not be possible to reso-
naje the iransiitier. This condition is slmu-
lated since with the antenna so connected the
marginal relay 830 would operafe in series with
the relay 829 thereby opening its back contact
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and thereby rendering the operation of relay 833
impossible. Also should the radioman connect
the fixed antenna 842 directly to the radio fre-
quency output terminal 838, it would not be pos~-
sible to resonate the transmitter for any fre-
quency between 300 and 390 kilocycles since the
antenna would not be sufficiently loaded, a con-
dition simulated by the failure of marginal relay
832 to operate to enable relay 833 to operate.

It is to be noted that if through error the
radioman neglects to set the M. O. range con-
trol A and PA range control C into corresponding
positions, no circuit is effective for relay 833 and
therefore the antenna current meter 8{8 will
give no reading, indicative of a failure of the
transmitter to become ftuned. It is also to be
noted that the tuning controls E and F must
also be set into positions in which the low fre-
quency transmitter, being simulated, would be
correctly tuned for the emission frequency se-
lected in order that relay 833 may operate and
permit the antenna current meter 818 to show
a reading.

Tuning the high frequency transmitter unit

It will now be assumed that a transmission
frequency has been assigned for use which is
higher than 600 kilocycles and that therefore the
radioman should use the high frequency trans-
mitter unit disclosed in Figs. 5 and 6. To con-
dition the transmitter for transmission, with
the power switch PS in its off-position, the
radioman sets switch PCS into the tune posifion,
sets switeh ESS to its CW position, sets the AC
compensator switches 7168, 767, 168 and 769 to
their upper or on-positions and operates the
transmitter selector switch TS to its lower or
HF position. He also plugs his telegraph key
into the key jack 170 and connects the side-tone
jacks 772 and 113 by cords with jacks 488 and
489 in the receiver junction box 408 whereby he
may receive side-tones in his headset 205.. He
also connects the trailing antenns 841 with the
radio frequency output terminal 181.

With the switch PCS set into the tune position,
a, circuit is established from ground thereover,
over the lower right eontacts of the right section
of switeh PS, conductor 183 extending over con-
tacts of the plug and jack connectors 755 and
801, through the filter circuit 604 to the grid
resistor 846 of the tube OSC6 of the master oscil-
Jator unit 660. The radioman now operates the

“A,B,C,D, B, F and G controls of the transmitter
in accordance with the calibration chart for the
emission frequency to be used and sets the an-
tenna ‘coupling control K to its zero position in
which the maximum amplitude of negative im-
pulses is applied to the grids of the meter tube
587 when the 523 relay operates. It will be
assumed that transmission is to be on g fre-
quency of 9.0 megacycles and that the M. O. or
master oscillator range selector confrol A is set
into its first position as disclosed for an emission
range between 9.0 and 10.2 megacycles, the TA or
intermediate amplifier range selector control &
is set into position 3 for a range between 6.5 and
9.5 megacycles and that the doubler range con-
trol C is set into position 3 for a range between
9.0 and 11.6 megacycles.

When the power is turned on by the operation
-.of switeh PS to its on-position, 115-volt alternat-
ing current is applied to conductor 785 and
thence as previously described to .the rectifier
unit 780, to the filament transformers 826 and
508 and to the transformers 714 and 715 on the
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chassis 710 -of the power and control unit, and
27-volt direct current.is connected to conductor
164. With direet current connected to conductor
754 and the trailing antenna 841 connected to
the radio frequency output terminal 78{, a cir-
cuit is established from ground through such
antenna, over conductor 524 and through the
winding of relay 522 to battery on conductor 164,.
the relay 522 upon operating causing the opera-
tion of relay 523. He then adjusts the filament
rheostat FR in the circuit over which filament
current is applied to the filament of the oscilla~-
tor tube OSCB of the master oscillator unit until
the filament meter 762 shows a reading of 10
volts. The circuit over which the filament cur-
rent is supplied may be. traced from ground
through the secondary windings of transformers
714 and 715 in series, over conductor 761, through
the filter circuit 603 and through the filament
of tube OSC6E to ground. To simulate the read-
ing of the meter 762 a branch of this circuit
extends through the rheostat FR and through
the meter to ground and by a parallel path
through resistances 784, 785 and 786 over con-
tacts of switches 766 to 769, inclusive, and to
ground over the upper contacts of relay 774 as
soon as such relay operates.

‘With the control E set into position 3, a cireuit
is established from ground, over the brush of
switch 619 controlled thereby, through the wind-
ing of relay 622 to battery on conductor 764.
Relay 622 thereupon operates and applies poten-
tial of phase g2 from the supply conductor 759,
over the middle upper contacts of relay 622,
through the potential divider comprising re-
sistances 627, 629, 630, 631, 632 and €25 to the
ground over the lower contacts of relay 622,
applies potential of phase ¢s from supply con-
ductor 759, over the upper contacts of relay 622,
through the potential divider comprising resist-
ances 537, 639, 640, 641, 642 and 634 to ground
over the inner lower contacts of relay 622, and
applies potential of phase g2 from the junection
point between resistances 654 and 655 of the
potential divider including the serially-connected
resistances 6852 to 657, inclusive, over the inner
upper contacts of relay 622, conductor 658 and
through resistance 571 to conductor 520. .

With the M. O. tuning control A set into
position 1, potential of phase g2 is applied from
the junction point between resistances $34 -and
£82 of the potential divider comprising resist-
ances 637, 639, 640, 641, 642 and 632, over con-
ductor 689, over the No. 1 contact and brush
of selector switch 607 positioned by the control
A, over conductor 644, and through resistance
521 to conductor 520. With the doubler tuning
control C set into position 3, potential of phase
¢z is applied from the junction point between
resistances 630 and 631 of the potential divider
including resistances 627, 629, 630, 631, 622 and
#25. over conductor 643 and through resistance
512 to conductor 520. Thus as the joint result
of the setting of controls A, C and E for the fre-
quency range to be used, a summation potential
of phase o» is applied through resistances 519,
521 and 571 to conductor 528 and from thence
through resistance 563 to the grids of amplifier
tube 581. and with relay 523 operated, through
resistance 559 to the grid of the right unit of
amplifier tube 502.

The setting of the M. O. tuning control B into
a position in accordance with the calibration
chart adjusts the tuning coil 606 to a position in
which the master oscillator tube OSC6 will oscil-
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late at the approximate frequency desired. The
setting of the control B also adjusts the potenti-
ometer 608, the winding of which is energized
-from the phase g2 supply conductor 739, whereby
a potential of phase g2 of an amplitude -com-
mensurate with the desired frequency-is applied
to conductor 647 and thence through resistances
526 and 527 to the grids of amplifier tube 559.
The radioman next operates his telegraph key,

‘which he has plugged into-jack 773, wherevpona *

circuit is established from .ground over the
sleeves of jack T10 and the key plug, through the
key, over the tips of the key plug -and jack 710
and through the winding of the keying relay 174
to battery on conductor 764, With relay 774 op-
erated, plate potential is supplied to the plate of
tube OSC#E of the master oscillator unit 698 over
.a circuit which may be traced from the 250-volt
supply conductor 757, over the left front contacts
of relay 174, conduc_tor 799 through the secondary
winding of transformer 117, conductor 850 ex-
tending over contacts of plug and jack con-
nectors 754 and 80{, through the filter circnit
$02 to the plate of tube OSCS, from conductor

799 to the plate of oscillator tube OSC1T, which ¢

latter tube now functions to produce a 1600-
cycle tone, and connects the 25¢-volt potential to
the screen grid and plate of the modulator tube
MODI1. The modulator tube does not function,
however, since with the emission selector switch
ESS set into the CW position, its control grid is
connected to direct ground. With plate potential
connected to the plate of tube-OSCH and ground
connected as previously described to grid resist-
ance 648 and thence through “the windings of
the tuning coil 696 interconnected -over & -contact
- of the M. O. range selector switch 648 as set by
the M. O. range selector confrel A, the ‘tube
OSC6 oscillates at approx1mf1t°1y the selected
emission frequency.

A side-tone from the oscmator tube OSCT is
transmitted to the receivers of the radioman’s
headset 285 and to the B receiver of the radio in-
structor’s headset 1803 over the circuits pre-

viously traced in connection with the use of the<js

intermediate frequency unib.

To check the frequency ‘output of the master
oscillator tube OSCS, the radioman connects the
frequency checking termmal connected to the

probe 612 located in the shield of the oscillator:

unit 680, with the ANT terminal of the fre-
quency meter 458, mserts the plug 448 of cord
‘448 into the jack 355, in the_mterphone junction
box, and connects one of his headset receivers

into the telephone jack of the frequency imster.::

He now sets the frequency meter so that it pro-
duces the exact desired frequency, then adjusts
the M. O. tuning control B of the master oscilla-
tor unit 608 until the beat frequensy becoines

zero and then Tocks the control B in its adjusteds

position. As befme described, the radio instruc-
tor ma,y monitor to determine that the radioman
is using the frequency meter to check his trans-
mitter. The emission from the cscillator unit

600 is picked iip by the probe §{1 and transmit-. g

ted over the coaxial cable 481, through junction
box 416, cable 742, junction box @41, cakle £83,
Jjunction box 900 and cable 947 to the probe of
~ receiver °€35 which the radio instructor has pre-
viously tuned to receive on the assigned fre-
quency. The output of receiver 865 is transmit-
' ted over cords 954, 955, 958 and 957 and ‘cable
959 to the upper or A receiver of the radio in-
structor’s Leadset 863 so that he will hear the
emission from the radio transmitter due to the
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‘beat between the master oscillator emission fre-

quency and the master frequency of the receiver.

As soon as the emission frequency of the os-
cillator unit 688 has been accurately set, the ra-
dioman may disconnect the frequency meter 488,
replug his headset into the jack of his station
box and then proceed to vesonate the doubler
tuning control D for a maximiun reading of the
intermediate amplifier grid current or IAlc
meter G615, The circuit of meter 815 may ke
traced from the 250-volt supply conductor 57,
over the cathode-plate path through the left
unit of tube 586, conductor 528, through the
meter 615, conductor 649 extending over contacts
of the piug and jack connectors 185 and Til,
through the variable resistor 735, over the lower
Ieft contacts of the left section of switch TS and
to ground over the upper contacts of the keying
relay 174. Until the doubler tuning controel D
has been adjusted to simulate the doubler tuning
to the frequency selected for emission, the po-
tential of phase ¢2 applied from the supply con-
ductor 188 by the potentiometer §48 through the
setting of the masber oscillator tuning control B,
over conductor 847 and through resistance 523
to the grid of the left unit of tube 538 will not
balance the potential of phase ¢1 derived from
the phase ¢1 supply conductor 188 over the slider
of potentiometer 589, and applied through re-
sistance 530 to the grid of the leff unit of tube
500 and therefore so long as there is such an un-
balanced potential, impulses will be applied fo
the grid of the left unit of tube 508, amplified
thereby and impressed upon a-circuif extending
through resistances 531 and 532 to ground. The
positive components of the impulses. are shunted
off to ground through the left unit of the diode
rectifier tube 503, but the negative components
of the impulses are gpplied from the amplifier
tube side of the resistance .53 fo charge the con-
denser 338 negatively. Due to the fact that the
condenser 533 is heing charged negatively the
grid of the left unit .of meter tube £25 will be
rendered more negative ameg will therefore cause
the current flowing through the meter €4% to be
reduced and the meter to read lower.

As the radioman adjusts the control D and
thereby the slider of potentiometer 538, the
phase ¢1 potential gradually changes until it
equals the phase ¢1 potential applied to tire grid
of the leftunit of tube 568 and thereby the poten-
tial impulses appilied to the gride of tube 580 grad-
ually weaken until they cease. - As a consequence
the negative impulses applied to charge condenser
£33 grow weaker until they cease and the grid
of meter tube 5% becomes less negative and tube
508 becomes more -eonductive to increase the
current flowing through the meter 615. The
reading of the meter thereupon becomes a maxi-
mum,

At the same time, the operation of control D
causes the reading -of the power amplifier grid
current or PAlc meter 616 to increase. The eir-
cuit of meter §{6 may be traced from the 250-
volt supply conductor 181, over the cathode-
plate path through the right unit of tube 08,
over conductor 534, through the meter 6i6, over
conductor 658 extending over contacts of the
plug and jack connectors 755 and 7Tii, through
the variable resistor T34, over the lower left con-
tacts of the 1éft section of switech TS to ground
over the upper contacts of keying relay 774.
Until the tunirg control D has been adjusted to
simulate the doubler tuning to the freguency
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selected for emission, negative impulses will be
applied from the junction point between resist-
ances 53{ and 532 and through resistance 535 to
charge the condenser 536 negatively thereby
causing the grid of the right unit of tube 506
to be rendered sufficiently negative to reduce the
current flowing through the meter 6i§ so that
such meter wili read low. When, however, the
control D has been adjusted so that the poten-
tial over the grid of the left unit of tube 500
becomes zero and no further negative impulses
are delivered from the tube 500 to charge the
condenser 536, then current flowing through the
right unit of tube 506 will increase and the
meter §{6 will show an increased reading.

The radioman next proceeds to resonate the
intermediate amplifier tuning control F for a
maximum reading of the power amplifier grid
current or PAIc meter 616. Until the tuning
control F has been adjusted to simulate the in-
termediate frequency amplifier tuning to the
frequency selected for emission, the potential of
bhase @2 applied from the supply conductor 759
through the potentiometer 608 to conductor 647
and thence through resistance 527, to-the grid
of the right unit of tube 590 will not balance the
Dpotential of phase g1 derived from the phase Q1
:supply conductor 758 over the slider of poten-
‘tiometer Bi{ and applied through resistance 537
-fo-the grid of the right unit of tube 598 and
therefore, so long as there is such an unbalanced
botential, impulses will be applied to the grid of
the right unit of tube 506, amplified thereby and
impressed over a circuit extending to ground
-through resistances 538 and 539.
components of the impulses are shunted off to
ground through the right unit of the diode recti-~
fier tube 583 but the negative components of the
impulses are applied from the amplifier side of
resistance 538 through resistance 548 to the con-
denser 536 to charge such condenser negatively.
Due to the fact that the condenser 536 is thus
-negatively charged, the grid of the right unit
of tube 596 will be made negative by such con-

denser to hold the reading of meter 616 down. .

However, when the control ¥ has been so ad-
justed that the potentials of phase 1 and phase
o2 applied to the grid of the right unit of tube
520 become equal, the potential applied to the
grid becomes zero and no further negative im-
pulses are transmitted through the right unit of
tube 580 for charging the condenser 535 and as
8 consequence the negative potential on the grid
of the right unit of tube 866 decreases thersby
causing the current flowing through the right
unit of tube 588 to increase to its maximum value
and the meter 616 to show its maximum reading.

As a further result of the adjustment of con-
trol ¥, the negative impulses applied through the
right unit of tube 550 and from the junction
point between resistances %38 and 539 and
through resistances 54f and 542 for applying
negative charging impulses to the condensers 543
and E&4 become zero. :

The power control switch PCS is now set to
its % power position whereupon ground is re-
moved from the grid of the oscillator tube OSCH
and such tube ceases to oscillate. The instruc~
tor no longer hearing the carrier frequency beat
in his A receiver now knows that the radioman
has completed the tuning of the master oscilla-
tor vnit §86. With the switch PCS in its Y
power position, the circuit of the K—204 relay
720 is established from ground over the switch

»PCS and through the winding of relay 720 and

The positive
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to battery on conductor 164 and relay 120 now
operates. . Tl R o

The radioman. now resonates the power am-
plifier plate confrol G until a minimum reading
of the power amplifier ‘plate current or PAIp
meter 163 is-obtained. 'With relay 726 operated,
the circuit of meter 763 may be traced from the
250-volt supply conductor 157, over the plate-
cathode path through the left unit of meter tube
501, over conductor 545 extending over contacts
of 'the plug and jack connectors 155 and 1I1,
through the adjustable resistors 728, 729 and 730,
over the inner upper contacts of relay 720, over
the lower right contacts of the left section of
switech TS, over the lower contacts of the keying
relay. 174 and through meter 763 to ground. - .

As previously described, until the tuning con-
trol F was adjusted, the condenser 543 was nega-
tively charged by negative impulses transmitted
through the right unit -of tube 500. Also until
the tuning control D was adjusted the con-
densers 43 and 544 were both negatively charged
by negative impulses transmitted through the
left unit of tube 580 and from the junction point
between resistances 53! and 532 through resist-
ances 546 and 553. Also negative charging im-

ulses are transmitted to condenser 543 through
resistance 547 under the eontrol of the left unit
of tube 582. Alternating current impulses of
phase ¢1 are delivered to the grid of tube 502
from the supply conductor 758, through resist-
ances 848 and 549, through the potentiometers
316 and 517 set. by the antenna coupling control
K which was previously adjusted to its zero posi-
tion in which the sliders of the potentiometers
506 and 517 are at the lower or ground terminals
of their windings, over the inner upper front
contact of relay 523 and through resistance 550
to the grid of the left unit. of tube 582. The
tube 592 amplifies these impulses and applies
them - through resistance 551 to sround.  The
positive components: of these  impulses are
shunted- to ground through the left unit of diode
rectifier tube 585 but the negative components of
the-Impulses are applied through resistance 547
to negatively charge condenser 543 and through
resistance ‘552 to negatively charge condenser
544, : : :

In addition negative charging impulses are ap-
plied to condenser $43 through the resistance 584
and to condenser 544 through the resistance 555 -
under the control of the right unit of amplifier.
tube 802, Impulses of phase o1 are transmitted
from the vhase ¢1 supply conductor 158, through
the windings of potentiometers 518, 515 and 513

-to ground and the potential derived at the slider

of the potentiometer 513, adjusted by the an-
tenna inductance control J, is applied through re-
sistance 556 and over the outer upper ffont con-
tact of relay 523 to the grid of the right unit of
tube 502. Potential of phase g2 is applied from
the phase g2 supply conducter 758 under- the
control of potentiometer 5(9, previously adjusted
by the doubler tuning control D, through re-
sistance 857 to condiictor 528, from the phase ¢
supply conductor 1538 under the control of poten-~
tiometer 512, previously adjusted by the IA tun-
ing control F, through resistance 558 to conductor
520, from conductor 847 to which phase ¢z po-
tential has been previously applied through the
setting of the M. O. tuning contrcl B and through

Tesistance 528 to conductor 520, from the phase

¢2 supply conductor under the control of the. pre-

-viously adjusted A, C.-and E controls to con-
-ductor 520 and from conductor 520 throiigh re-



2,516,780

47
_ sistance 559 to the grid of the right unit of tube
§502. Until the tuning confrols I, J and K have
heen resonated so that the potentizls of phase ¢1
and phase ¢2 applied to the grid of the right unit
of tube 502 balance, the unbhalanced potential
on such grid will be amplified by the tube and
applied through resistance 588 to ground. The
positive components of the impulses of this am-
plified potential will be shunted to ground through
the right unit of the diode rectifier tube 585, but
the negative components of the impulses will be
applied through resistances 554 and 555 to nega-
tively charge the condensers 543 and 544.

Also the condenser %543 will be positively
charged by positive impulses transmitted through
the resistance 581 under the control of the leit
unit of tube 50f and the condenser 534 will be
negatively charged by negative impulses trans-
mitted through resistance 5562 under the control
of the right unit of tube 541. Until the PA tun-
ing control G has been so adjusted that the po-
tential of phase ¢z applied from conductor 529
under the control of the previously adjusted A,
B! C, D, E and F controls, through resistance 563
to the grids of tube 50t is made equal to the po-
tential of phase ¢1 applied from the phase o1
supply conductor 758, through potentiometer 514
and through resistance 584 to the grids of tube
501, alternating current potential will exist on

the grids of the tube, will be amplified by the left

unit of the tube and applied through resistance
585 to ground and will be amplified by the right
unit of the tube and applied through resistance
558 to ground. The negative components of the
impulses of the potential applied by the left unit
of tube 584 will be shunted fo ground through
the left unit of the diode rectifier tube 5084 but
the positive components of the impulses will be
applied through resictance 581 to positively charge
the condenser 543. The positive components of
the impulses of the potential amplified by the
right unit of tube 5 will be shunted to ground
through the right unit of rectifier tube 584 but
the nezative components of the impulses will be
applied through resistance 582 to negatively
charge the condenser 544.

When the control G has been adjusted until
the phase ¢: and phase g2 polentials apnlied
to the grids of tube 581 balance, there will be
zero potential on the grids and no further posi-
tive impulses will be applied under the control of
~ the left unit of tube 501 for charging condenser
843 and as a consequence the grid of the left
unit of tube 587 will become more negative and

the current flowing through the left unit of such

tirbe will become a minimum as determined by the
initial settings of the adjustable resistors 728,
128, 728 and a minimum reading of the PAI»
meter 163 will result. o

© At the time relay 720 operated, g circuit for
the antenna current mefer 614 was also estab-
lished from the 25@-volt battery on supply con-
“ductor 751, over the plate-eathode path through
the right unit of meter tube 5§07, over conductor
567, through the meter 614, over conductor §51
extending over contacts of plug and jack connec-
tor 755 and 71, through the adjustable resistors
131, 132 and 738, over the middle upper contacts
of relay 728, over the lower left contacts of the
left section of switeh ‘TS fo ground over the con-
tacts of keying relay 114, With the condenser
544 negatively charged through the resistances
.542 552, 553, 555 and 582, as previously described,
the grid of the right unit of tube 53T will be suf-

. ficiently negative to cause a low space current to
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flow through the right unit of the tube and con-
sequently to cause the meter 614 to show a low
reading. When, however, the PA tuning control
G is resonated to cause the right unit of tube
501 to cease transmitting negative impulses
through resistance 562 to the condenser 544, the
grid of the right unit 507 will become less negative
and the reading of the meter 614 will show an in-
crease.

The radieman now sets the antenna feed con-
trol H into its No. 1 position, the antenna ca-
pacitance control I to the 25 division of its dial,
the antenna. coupling control K to the 30 division
on its dial and then resonates the antenna in-
ductance control .J for the maximum reading of
the PATr meter 163 and the antenna current meter
§i4. 'The adjustment of the control K decreases
the potential of phase ¢1 applied from conductor
158, through resistances 548 and §49, through
potentiometers 5i€ and 547 and through resist-
ance 550 to the grid of the left unit of the tube

592, thereby decreasing the amplitude of the nega-

tive charging impulses applied from such unit of
tube 502 through resistances §47 and £52 to the
condensers 543 and 544, whereupon the grids of
tube 507 become less negative and the currents
flowing through the two units of such tube and
through the meters 762 and 814 increase and such
meters show higher readings. The adjustment of
controls I and K also control the potentiometers
518 and 515 to change the potential of phase ¢1
applied thereover from the ¢1 stpply conductor
158, through the potentiometer 513 and resistance
586 to the grid of the right unit of tube 502
whereby such potential is brought more nearly
into ‘balance with the potential of phase @2 ap-
plied to such grid through resistance 558 from
conductor 528 in response to the previous ad-
justment of the A, B, C, D, B and ¥ controls.
When now the control J is resonated, it, through
the control of potentiometer $13 reduces the po-
tential of phase ¢1 applied to the grid of the right
unit of tube 501 until it equals the potential of
phase o2 applied to such grid and the grid being
at zero potential no further negative impulses
are transniitted through resistances 552 and 555
to charge the condensers 543 and 544 negatively.
Consequently the grids of tubes 587 are rendered
less negative and the readings of meters 763 and
514 should he further increased.

If with the assumed setting of the antenna ca-
pacitance control I, it is not possible through the
adjustment of the antenna inductance controi J
to obtain a condition of resonance, which condi-
tion would be simulated by an increase in the
readings of meters 188 and 814 to approximately
the values specified therefor in the irstruction
manual for the transmitier, the control I is reset
to, for exammple, 50 divisions of ifs dial. This
moves the slider of potentiometer 5¢8 to shunt
out more turns of the potentiometer winding to
thereby increase the potential of phase g1 sup-
plied from the supply condGuctor 758 toenable the
potentiometer 513 when the antenns inductance
contrel J is now readjusted to balance out the
phase g2 potential supplied from cenductor 524
under the control of the A, B, C, I, E and F cou-
trols and to thus produce a zero potential cn the
erid of the right unit of tube 592 to stop the
transmission of negative impulses through re-
sistances 554 and 555 to charge the condensers
543 and 544,

The radioman now adjusts the -antenna cou-
pling control K until the pointer of the PAIp me-
ter 163 moves to the first red line on its dial or
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feads 90 milliamperes. Adjustment of the -con-
trol K adjusts the sliders of pctentiometers 515,
516, and 517. The adjustment of the sliders of
Dotentiometers.516 and 547 reduces the potential
of phase ¢1 applied from conductor 758 to the
grid of the left unit.of tube 5%2 whereupon the
negative impulses transmitted through resist-
ances 547 .and 582 for negatively charging con-
densers 543 and 584 are reduced, and the move-
ment of the slider of potentiometer 545 changes
the potential of phase 1 applied to the grid of
the right unit of tube. 502 whereupon potential
impulses reappear on this grid and negative im-
bulses are again transmitted by the operation of

the right unit of tube 592 through resistances-584 1

and 855 for negatively charging condensers 543
and 544. By the changes thus brought about in
the negative charges of condensers 543 and 544,
the negative potentials supplied- thereby to the
grids of meter:tube 587-are changad and the read-
ings of meters-6i4 and 183 are changed until the
pointer -of meter 763 is brought to the first red
line.

The resetting of potentiometer 545 by the con-

trol.K, which potentiometer is in series with po- B;

tentiometer 513, throws the potential of phase g1
applied thereby to the grid of the right unit of
tube 502 off balance with respect to the potential
of phase g2 applied from the. conductor 528 un-
der the contrel of the previously adjusted con-
trols A, B, C, D, E and F so that it now becomes
‘necessary to reset the control J until a balance -is
Testored to reduce to Zero the negative impulses
transmitted through resistances 554 and 555 un-
der the control of the right unit of tube 532 for
negatively charging -condensers 543 and 544,
whereupon the meters i€ and 783 will show
maximum readings for the. setting of .the power
control switch PCS in its ¥ power -position.

The power control-switch PCS is then moved to
;dts full power position thereby opening the cir-
cuit .of relay 728.and . closing the circuit of the
K—208 relay 718. With relay 722 released and
relay 718 operated, resistances 728 and 138 are
removed from the circuit of the PATe meter 763
and resistances 732-and 732 are removed from the
circuit of the antenna current meter 6i4. The
-antenna coupling control K and the antenna in-
ductanse contrel J are now alternately operated
as previcusly described until the power amplifier
plate current meter 763 shows a reading .of 175
‘milliamperes.

In the new sefting of the control X, the po-
tentiometers 546 and 517 are so set as to greatly

reduce the potential of phase g1 applied to the
grid of the left unit of tube 582 and thereby the

negative .charging impulses fransmitted under
the control of tube 582 through resistance 552 to
-conductor B§8 extending .over contacts and plug
and jack connectors 155 and 711, over the lower
left contacts of the risht section. of switch TS and
through resistance 731 to the grid of the amplifier
tube unit AMPS. Tubs unit-AMPY amplifies this
potential and applies it to the control grid of the
tuning indicator tube TI, the latier.tube respond-
ing to establish the previously traced circuit for
relay 7121, Relay 121 upon operating:connects a
shunt ground -over .its left -contacts to the side-
tone circuits previously traced -over which the
radio instructor and the radioman have been re-
ceiving side-tone- from the tone oscillator tube
OSC1, indicative of the fact that tuning .of:the
Sransmitter has-been completed by the radioman
and, over its inner right front contact relay 124
applies. ground over the .circuit previously traced
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to.the grid -of the master-oscillator tube OSCSE
whereupon the-master. ogeillator tube -unit 600
reapplies: carrier freguency to the- coax1a1 system
which is heard by the 1nstructar in-this A head-
set receiver. :Relay 32{-by opening its. hack con-
tact removes the.shunt path through ‘vesistance
143 to-ground- frem-the; -~sUpply conductor which
supplies . plate current o the plate.of the. amph-
fier tube AMPS to. insure that relay 124 w111 be
maintained Qper: ted

The radioman-now, readJusts ithe. power amph-
fier tuning control G thereby causing a rebalance
between the potentials of phase @1 and phase 2
applied ‘to: tne grids-of tube 80§ until there is.a
zer0 potential on the. grids and:mo. further posi-
$ive impulses.will-be applied under the.control of
the lett unit of fube 501 for. charging condenser
543 and ‘s a-consequence the .grid of- the left
unit-of tube 587 Will: become . more aegat;ve and
the current flowing through the left unit of. such
tube will decrease and a minimum reading.of- xthe
PATr meter 768 will.result. The radioman now
praceeds to.key the message,. operating the alter-
nating .current . voltage . compensatwn switches
166 to 768, inelusive, .from their upper- to their
lower positions in.such .combinations as to in.
clude one-or more-of the resistances 187 to 181,
inclusive, into, the circuit extending from the 15-
volt filament supply conductor 761, through the
filament rheostat. ER,.0ver. the uppsr contacts.of
relay 718, uhrough the ;remstances selected by the
operation .of .switches 186 .to 789, inclusive .to
ground over the upner contac»s of keying relay
174 so that the meter 182 - which is.connected, in
parallel with the cireuit.just traced will show .a
Ininimum  of ﬁuctuatlon during keying. The
rheostat FR is seb-at this. time s0 that the ﬁ1a~
ment meter shows a reading.of 10 voits.

JIf a tone modulated. 51gna1 is deswed the-emis-
sion selector. sw1tch-ESS is set into its MCW, DPosi-
tion. thereby. removing, the dlrect ground fram the
grid .of the modulator .tube MODI so that the
modulator -tube is.no. longer blocked and: the out-
but. of . the tone -oscillater .fube OSC—1 which
responds to the. operatlon of the keying.relay 114
is applied . to .the .grid .of . the modulator tube
MOD7 and Lba tone..m dulqted .outgut of tube
MOD1.is applled to.the plate of Fhe master osc11-
lator.tube OSCS.

If the radioman attempts Yo.operate the trans-
mitter with no-antenna .connected o the radio
frequency output terminal 181, .relays 522 .and
523 will. not .be..operated .and as -2 conseguence
the .antenna -current meter §.44 will _show .no
antenna current: -reading when .the radloman at-
tempts to tune .the transmitter since this meter
will be shunted.-over. conductors 567 and.568.and
over the Jlower.back. contacts. af .relays ;522 .and
523. Also the meter will show no reading, even
with relays 522 .and .523 both. operated if the

-radioman neglects .to.operate the control H to.its

No. 1 or current terminal. With relay %23 un-
operated, ground through resistance 516 is ap-
blied .over its upper. back .contact to the grid of

She right unit.of tubpe.- 502 thereby blocking .the

operation of such . Jube umt and potential. of

Phase ¢i.is applied from supply. conductor 758,
through resistance.548.and over the inner upper
-back.contact, of relay. 523 fo the grid of the left
unit .of tube 562 Whereby the negative impulses
applied .under the control.of the left unit of tube
502 for charging the condensers -543 and 544

are greafly increased-to make the. grids of tube
507 more negative and to thereby prevent any

increase:in the.reading. of the PAIr meter 183.
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With relay 523 unoperated, the antenns capaci-
tanece, antenna coupling and antenna inductance
controls I, J and K are without effect on the
reading of the meter T63.

_ If the controls A, B, C, D and E are set into
other positions for emission on a different ire-
quency, the value of the potential of phase g2
applied to conductors 520 and 647 will be differ-
ent and will therefore require a different setting
of the control G to obtain a reading of the PAIp
meter 763 indicative of a condition of simulated
resgnance.

Furthermore, the values of the resistances 625
to 642, inclusive, 652 to 651, inclusive, 519, 521,
528, 551, 558 and 511 are so chosen that the cor-
rect combination settings of the controls must
be made for any selected emission frequency to
secure the operation of the meters 763 and 614
indicative of the correct tuning of the trans-
mitter.

" What s claimed is:

1. In a device tor simulating a radio trans-
mitter, an oscillator for generating a carrier
frequency, means for controlling the emission
from said oscillator in accordance with signals
which it is desired to transmit, tuning controls
for tuning said oscillator, other funing simula~
tion controls, a source of current, means con-
trolled by said tuning controls for deriving
potentials from said source commensurate with
the tuning effects of said controls, meters, and
electronic devices responsive respectively to the
summations of different ones of said potentials
for selectively controlling said meters whereby
said meters are operated in simulation of the
usual operation of the meters of an actual radic
transmitter in response to the tuning of said
actual radio transmitter.

2. In a device for simulating a radio trans-
mitter, an oscillator for generating a carrier
frequency, means for controlling the emission
from said oscillator in accordance with signals
which it is desired to transmit, a first tuning
control for tuning said oscillator, a second tun-
ing simulation control, oppositely phased sources
of alternating current, means controlled by said
first tuning control for deriving a potential from
one of said sources commensurate with the tun-
ing effect of said first confrol, means controlled
by said second tuning control for deriving a
potential from the other of said sources com-
mensurate with the tuning effect of said second
tuning control, a meter, and electronic devices
responsive to the summation of said derived
potentials for controlling said mefer whereby
said meter is operated in simulation of the usual
operation of the meter of an actual radio trans-
mitter in response to the tuning of said actual
radio transmitter.

3. In a device for simulating a radio trans-
mitter, an oscillator for generating a carrier fre-
quency, means for controiling the emission from
said oscillator in accordance with signals which
it is desired to transmit, a first tuning control for
tuning said oscillator, a second tuning simulation
control, oppositely phased sources of alternating
current, means controlled by said first tuning
control for deriving a potential from one of said
sources commensurate with the tuning effect of
said first control, means for deriving a potential
from the other of said sources commensurate with
the tuning effect of said second tuning control, a
meter, a meter control tube for controlling the
circuit of said meter, a condenser for controlling
the bias on the grid of said tube, an amplifier tube
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for sumimning said derived potentials and for ap-
plying the amplified summation potential to said
condenser, rectifying means for rendering the
negative components of said amplified potential
ineffective and other amplifying means for ren-
dering the positive components of said amplified
potential ineffective to charge said condenser
whereby said meter control tube is effective to
operate said meter in simulation of the usual op-
eration of the corresponding meter of an actual
radio transmitter in response fo the tuning of said
actual radio transmitter.

4. In a device for simulating a radio frans-
mitter, an oscillator for generating a carrier fre-
guency, means for controlling emission from said
oscillator in accordance with signals which it is
desired to transmit, a first tuning control for tun-
ing said oscillator, a second tuning simulation con-
trol, oppositely phased sources of alternating cur-
rent, means controlled by said first tuning con-
trol for deriving a potential from one of said
sources commensurate with the tuning effect of
said first control, means for deriving a potential
from the other of said sources commensurate with
the tuning effect of said second tuning control,
a meter, a meter conirol tube for controlling the
circuit of saigd meter, a condenser for controlling
the bias on he grid of said tube, an amplifier
tube for summing =<aid derived potentials and for
applying the amplified summation potential to
said condenser, and a dioae rectifier tube one ele-
ment of which is effective fo shunt the negative
component of said amplified summation poten~
tial to ground and the other element of which is
effective to shunt the positive component of said
amplified summation potential to ground, where-
by said unshunted component is effective to
charge said condenser and to thereby control
said meter control tube to operate said meter in
simulation of the usual operation of the corre-
sponding meter of an actual radio transmitter in
response to the tuning of said actual radio trans-
mitter.

5. In 3 device for simulating a radio trans-
mitter, an oscillator for generating a carrier fre-
quency, means for controlling the emission from
said oscillator in accordance with signals which
it is desired to transmit, a first tuning control for
tuning said oscillator, a second tuning simulation
control, oppositely phased sources of aliernating
current, means controlled by said first tuning
control for deriving a potential from one of saud
sources commensurate with the tuning effect of
said first control, means controlled by said sec-
ond tuning control for deriving a potential from
the other of said sources commensurate with the
tuning effect of said second control, a meter, a
meter control tube for controlling the circuif of
said meter, a condenser for controlling the bias
on the grid of said tube, an amplifier tube for
summing said derived potentials and for apply-
ing the amplified summation potential to said
condenser, and a diode rectifier tube for shunt-
ing the negative component of said amplified
potential to ground, whereby the positive com-
ponent of said amplified potential is effective to
charge said condenser and fto thereby control
said meter control tube to operate said meter i1
simulation of the usual operation of the corre-
sponding meter of an actual radio transmitter in
response to the tuning of said actual radio trans-
mitter.

6. In a device for simulating a radio trans-
mitter, an oscillator for generating a carrier fre-
quency, means for controlling the-emission from
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said: oscillator in accordance with signals which
1tis desired to fransmit, a frst tuning control for
tuning said oscillator, a second tuning simulation
‘contrel, oppositely phased sources of alternating
current, means controlled by said first tuning con-
trol for deriving a potential from one. of said
sources commensurate with the tuning effect of
said first control, means controlled by said sec-
ond tuning control for deriving a potential from
the cther of said sources commensurate with the
tuning -effect of said second control, a meter, a
meter control tube for controlling the circuit of
said meter, a condenser for controlling the bias
on -the grid of said tube, an amplifier tube for
sumnming said derived potentials and for apply-
ing the amplified summation potential to said
condenser, and a dicde rectifier tube for shunt-
ing the positive component of said amplified po-
tential to ground whereby the negative component
of said amplified potential is effective to charge
said condenser and to thereby control said meter
control tube to operate said meter in simulation ot
‘the usual operation of the corresponding meter of
an -actual radio transmitter in response to the
tuning- of 'saifl actual radioc transmitter.

7. In-a device for simulating a radic transmitter,
an-oscillator for generating a carrier frequency,
means for controlling the emission from said
oscillator in accordance with signals which it is
‘desired to transmit, means for simulating the
connection of an antenna to the radio frequency
output terminal of an actual transmitter, tun-
ing contrels for tuning said oscillator, other tun-
ing simulation controls, a source of current,
means controlled by said tuning controls for
deriving potentials from said source commen-
surate with the tuning effects of said controls,
meters, electronic devices responsive respec-
tively to the summations of different ones of-said
potentials for selectively controlling said meters,
and means operative only if the simulated an-
tenna has been properly connected for rendering
said electronic devices effective to control said
meters in.a manner to show readings correspond-
ing to the readings of the corresponding meters
of:a «correctly tuned actual transmitter provided
with an. adequate antenna system.

8. In g device for simulgting g radio transmit-
ter, an oscillator for senerating a carrier fre-
quency, meaiiz for controlling the emission from
said oscillator in -accordance with signals which
it is-desired to transmit; means for simulating the
-connection of an antenns to the radio frequency
output terminal of an actual transmitter, a -first
‘tuning control for tuning said oscillator, a sec-
onid tuning simulation control, oppositely phased
sources of alternating current, means controlled
by said first tuning control for deriving a poten-
tial from one of said sources commensurate with
the tuning effect of said first control, means con-
‘trolled by said second tuning contrel for deriv-
ing a potential from the other of said sources
commensurate with the tuning effect of said sec-
ond tuning control, means for deriving a poten-
tial from said other source indicative that the
antenna simulating means has not been properly
connected, meters, and electronic devices respon-
sive. respectively to the summations of different
ones of said derived potentials for selectively con-
trolling said meters, said electronic devices being
effective only if the simulated antenna has been
Dbroperly .connected to control said meters in .a
manner to show readings .corresponding .to. the
yeadings of the corresponding meters of a cor-
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rectly ‘buned-actual transmitter provided with an
adequate antenna system. e
9. In a device for simulating a radio transmit-
ter, an .oscillator for generating a carrier fre-

‘quency, means for controlling the emission from

said escillator in accordance with signals which
it is desired to transmit, meansfor simulating the
connection of an antennsa to the radio frequency
output terminal of an actual transmitter, a first
tuning control for tuning said oscillator, a.second
tuning control for simulating the tuning of ‘the

‘power-amplifier stage of an .actual transmitter, g

third tuning control for simulating antenna cou-
Dpling, a fourth tuning control for simulating an-
tenna tuning, a source of current, means con-
trolled by said .controls for deriving potentials
‘from said source commensurate with the tuning
effects of said controls, meters, electronic devices
responsive respectively. to the summations:of dif-
ferent ones of said potentials for ‘selectively con-

‘trolling said ‘meters, .and mesns operative-only if

said antenna:simulating means has been properly
connected - for rendering said third and fourth
control means -effective to control.said electronic
devices to control said meters in a manmer to
show readings. corresponding to the readings:.of
the corresponding meters of a correctly -tuned

actual transmitter provided with .an adequate

antenna system. i
10. Tn-a:device for simulating a radio transmit-
ter, ‘an oscillator for generating a carrier:fre-
quency, ‘means. for controlling ‘the emission from
said-oscillator in accordance with signals which
it is desired to transmit, means for simulating
the connection of an antenna to g radio frequency
output-terminal of .an actual transmitter, a first
tuning -control for tuning. said -oscillator, ‘a..sec~
ond tuning .control for simulating the tuning.of
the :power -amplifier stage of an actual trans-
mitter, a third tuning control for simulating an~
tenna coupling, a fourth tuning contro! for simu-
lating antenna tuning, oppositely phased sources
of alternating current, means controlled by:said
first control for deriving a first potential from
one of said sources commensurate with the ‘tun-

ing effect of said first control, means for.deriving

a-second potential from the other of said sources

-commensurate with the tuning effect of said sec-

ond -control, means for summing said first: and
second potentials, means for deriving a third po-
tential:from the other of said sources commensu-
rate with the tuning effect of said third control,
means for deriving s potential frem the.other of
said-sources commensurate with the tuning effect
of said fourth control, means for summing said
first and fourth potentials, meters, g meter con-
trol tube responsive to the summation of said
summation potentials ‘and said third potential,
and means operative only if said antenna simu-
lating ‘means ‘has been properly connected . for
rendering said meter contro! tube responsive to
said third potential and to the summation of said
first and fourth potentials to cause said meters
to show readings corresponding to the readings
‘of the corresponding meters of a correctly tuned
actual transmiitter provided with-an adequate an-
tenna system. '

‘11, In -a device for simulating a radio trans-

‘mitter, -an oscillator for generating a-carrier fre-~

quency, means for controlling the emission from
said oscillator. in-accordance with signals which
1t is desired to transmit, tuning controls for tun-
ing said oscillator, octher tuning -simulation con-
trols, -a-source -of-.current, -means contrclled by
said tuning-controls: for-deriving potentialg from
sald source commensurate with the tuning effects
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of said controls, meters, electronic devices re-
sponsive respectively to the summations of dif-
ferent ones of said potentials for selectively con-
trolling said meters, whereby said mefers are
operated in simulation of their usual operation in
response to the actual tuning of a radio trans-
mitter, a power control switch having a plurality
of power control steps, resistors included in the
cireuit of said meters and adjustable to deter-
mine the minimum readings of said meters for
each power control step position of said switeh,
and means responsive to the advance of said
switeh through its power increasing steps to suc-
cessively reduce the number of resistors in the
circuit of each meter, whereby the readings of
said meters are increased to simulate the opera-
tion of the corresponding meters of an actual
transmitter with increased power output.

12. In a device for simulating a radio trans-
mitter, an oscillator for generating a tone fre-
quency, an instructor’s desk, headset receivers at
said desk, means for deriving a side-tone from
said oscillator and for applying it to a receiver
of said headset, tuning simulation controls, a
source of current, means controlled by said tun-
ing controls for deriving potentials from said
source commensurate with the tuning effects of
said controls, electronic devices responsive o the
summation of said potentials, and means opera-
tive by said electronic devices when said tuning
controls have been so adjusted as to simulate the
tuning of an actual transmitter to arrest the ap-
plication of said side-tone to the radio instruc-
tor’s headset receiver as a signal that the tuning

of the simulated transmitter has been completed.

13. Tn a device for simulating a radio trans-
mitter, an oscillator for generating a tone fre-
quency, an instructor’s desk, headset recelvers at
said desk, means for deriving a side-tone from
said oscillator and for applying it to a receiver of
said headset, tuning simulation controls, a source
of current, means contrelied by said tuning con-
trols for deriving potentigls from said source com-
mensurate with the tuning effects of said controls,
electronic devices responsive to the summation of
said potentials, a tuning indicator tube operable
by said electronic devices when said tuning con-
trols have been so adjusted as to simulate the
tuning of the transmitter, and a relay ccntrolled
by said tuning indicator tube to arrest the appli-
cation of said side-tone to the radio instructor’s
headset receiver as a signal that the tuning of
the simulated transmitter has been completed.

14. In a device for simulating a radio transmit-
ter, an oscillator for generating a carvier fre-
quency, an instructor’s desk, headset receivers
at said desk, a radio receiver at said desk for de-
tecting the emission from said oscillator and
for applying the detected signal fo a receiver
of said headset, funing controls for tuning said
.oscillator, a power control switch having a tune
and a pluraliby of power control steps, means
controlled by said switch when in its tune posi-
tion for rendering said oscillator effective to
transmit a signal to be heard by the instructor
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to inform him that the oscillator is being tuned -

and for rendering said oscillator .ineffective to
emit when advanced to any one of its power con-
trol steps to inform the instructor that the tuning
of the remainder of the simulated transmitter is
being accomplished, other tuning simulation con-
trols, a source of current, means controlled by
said controls for deriving potentials from said
source commensurate with the tuning effects of
said controls, electronic devices responsive fo
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the summation of said potentials, and means 6P~
erable by said electronic devices when said tuning
controls have been so adjusted as to simulate
the complete tuning of an actual transmitter to
re-enable said oscillator whereby said instructor
is informed that the tuning has been completed.

15. In a device for simulating a radio trans-
mitter, an oscillator for generating a carrier fre-
quency, means for controlling the emission from
said oscillator in accordance with signals which
it is desired to transmit, a control for simulating
the selection of an oscillator frequency range of
emission, a control for gimulating the selection
of o power amplifier frequency range, other tun-
ing simulation controls, a source of current,
means controlied by said latter tuning controls
for deriving potentials from said source commen-
surate with the tuning effects of said latter con-
trols, meters, electronic devices responsive re-
spechively to the summations of different ones of
said potentials for selectively controlling said
meters, and means effective only if said range se-
lecting controls are set into corresponding range
positions for rendering said electronic devices ef-
fective to control said meters in a manner to show
readings corresponding to the readings of the cor-
responding meters of an actual radio transmitter
in response to the tuning of said actual trans-
mitter.

16. In a device for simulating a radio transmit-
ter, an oscillator for gemerating a carrier fre-
quency, means for controlling the emission from
said oscillator in accordance with signals which
it is desired to transmit, a control for simulating
the selection of an oscillator frequency range of
emission, a control for simulating the selection of
a power amplifier frequency range, a control for
simulating the selection of an antenna tuning
step, a control for simulating the determination
of the antenna loading, other tuning simulation
controls, a source of current, means controlled
by said latter tuning controls for deriving poten-
tials from said source commensurate with the
tuning effects of said latter confrols, meters, elec-
tronie devices responsive respectively to the sum-
mations of different ones of said potfentials for
selectively controlling said meters, and means ef-
fective only if said range selecting controls are
set into corresponding range positions and said
antenna tuning step and said antenna loading
controls are set info the correct positions for
emission on the desired frequency, for rendering
said electronic devices effective in response to the
operation of said other controls to control said
meters in g manner to show readings correspond-
ing to the readings of the corresponding meters
of an actual radio transmitter in response to the
tuning of said actual transmitter.

17. In a device for simulating a radio trans-
mitter, an oscillator for generating a carrier fre-
quency, means for controlling the emission from
said oscillator in accordance with signals which
it is desired to transmit, means for simulating a
fixed antenna, means for simulating a trailing
antenna, tuning controls for tuning said oscil-
lator, other tuning simulation controls, a source
of current, means controllable by said controls
for deriving potentials from said source commen-
surate with the tuning effects of said controls,
meters, electronic means responsive respectively
to the summations of different ones of said poten-
tials for selectively controlling said meters, and
means operative only if said oseillator is tuned
above a specified emission range and there has
heen no erroneous connection of said fixed an-
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tenha to the radie frequency output terminal of

the: transmitter for rendering said electronic de-
vices:effective to control gsaid meters in a manner
to. show readings corresponding to the readings
of the corresponding meters of an actual radio
transmitter when said actual transmitter is tuned
while provided with an antenna having sufficient
loading for efficient. radiation.

18. In a device for simulating a radio trans-
mitter provided with a radio frequency cutput
terminal and fixed antenna loading input and
output terminals, an oscillator for generating a
carrier: frequency, means for controlling the

enission from said oscillator in accordance with-
signals which it is desired to transmit, means for-

simulating a fixed antenna, means for simulating
a trailing antenna, a loading jumper, tuning con-
trols for tuning said oscillator, other tuning sim-
ulation confrols for tuning said transmitter, a
source of current, means.controlled by said con-
trols for deriving potentials from said source:com-

mensurate with the tuning effects of said controls,

meters, electronic devices responsive respectively

10

to the summations of different ones of said po-

tentials for selectively controlling said meters,
and means operative when said loading jumper
is-used to apply antenna loading by the intercon-
nection of said radic frequency output terminal
and said loading input terminal and there has
been no erroneous connection of said trailing -an-
fenna to said loading outpubt terminal, for ren-
dering saicd electronic devices effective to control
sald meters in a manner to show readings corre-
sponding to the readings of the corresponding
meters of an actual radio transmitier when said
actual transmitter is tuned while provided with
an antenna having sufficient lcading for efficient
radiation.

19. In a device for simulating a-radio transmit-

ter, an oscillator for generating s carrier. Tre-.

quency, means for controlling the emission from
said oscillator in accordance with signals which
it is desired to transmit, a control for simulating
the selection of an oscillator frequency range of
emission, a control for simulating the selection
of a power amplifier freguency range, a control
for simulating the selection of an antenna tuning
step, a control for simulating the determination
of the antenna loading, means for varying the

effect of the settings of said antenna tuning step .

and said antenna loading conirols in accordance
with whether the selected oscillator emission fre-
quency is below or above a predetermined fre~
quency, other tuning simulation controls, a source
of current, means centrolled by said latter tuning
centrols for deriving potentials from said source
commensurate with ihe tuning effects of said
latter controls, meters, electronic devices respon-
sive respectively to the summeations of different
ones of said potentials for selectively controlling
sald meters, and means effective only if said
range selecting controls are set into correspond-
ing range positions angd said antenna tuning step
and zaid antenna leading controls re set into the
correct positions for emission on the desired fre-
quency, for rendering said electronic devices effec-
tive in response to-the operation of said other
controls to control said meters in a manner o
show readings corresponding to the readings of
the: corresponding msters of an actual radio
transmitter in response to the tuning of said
actual radioc transmitter.

20. In a device for simulating a radio trans-
mitter, an oscillator for generating a carrier fre-
quency, means for controlling the emission from
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said oscillator in accordance: with signals. which
it.is desired to transmit, controls for simulating
the selection of the oscillator frequency range
and the doubler and the intermediate amplifier
frequency ranges, confrols for tuning the oscil-
lator and for simulating the tuning of the inter-
mediate and power amplifier stages, antenns.
capacitance, inductance and coupling controls,
a source of current, means controlled by said con-.
trols for deriving potentials from said source com-.
mensurate with- the tuning effects: of. said, con-.
frols, meters, and electronic devices responsive
respectively -to the summations. of different ones:
of said petentials. for selectively controlling said
meters whereby said meters are operated in simu~
lation of the usual.operation of the corresponding
meters.of an actual radio.transmitter in response.
to the tuning of said actual radio transmitter.

21. In a device for:simulating a radio trans-.

tter, an oscillator for generating a carrier fre-.
quency, means for controlling the emissicn from.
said oscillator in accordance with signals which
it is-desired to transmit, controls for simulating
the selection of the oscillator frequency range
and the doubler and intermediate amplifier fre-
quency ranges, controls for tuning the oscillator
and for simulating the tuning of the intermediate
and power amplifier stages; antenna capacitance,.
inductance and coupling simulation controls, op-.

-positely phased sources of alternating current,

means contrelled by said range selection and.
said oscillator and stage tuning contrels for de-~
riving potentials from one of said:sources come.
mensurate-with the tuning effects of said controls,
means controlled by said antenna capacitance,
inductance and coupling  controls for deriving
potentials from the other of said sources. com-
mensurate with the tuning effects of said con-.
trols, meters, and electronic devices- responsive
respectively to the summations of different gnes.
of  said derived- potentials for selectively. con=
trolling said meters whereby said meters are op=.
erated in simulation of the usual operation. of the
corresponding meters of an actual radio trans-.
mitter in response.to the tuning of said actual.
radio transmitter:

22. In & device. for simulating a radio. trans-
mitter, a master oscillator for generating a.car-
rier frequency, means for controlling  the emis-
sion from said oscillator in accordance with. sig~.
ngls which it is desired to transmit, a. control.
for simulating the selection of an intermediate-
amplifier range, a control for simulating the
selection of a double range, a-control for simulat-.

ing the selection of a master oscillator range, a.

master oseillator-tuning control, a doubler tuning
simulation control, an intermediate amplifier
tuning simulation - centrol, oppositely: vhased
sources of alternating current, means controlled.
by said controls for deriving petentials from one:
of said. sources comimensurate with the tuning
effects of said controls, a power amplifier tuning
simulation control, antenna tuning simulation:
controls, means controlled hy said latter controls:

;. for deriving potentials from the other of said:

sources. commensurate with the tuning effects of.
said latter controls, meters, and electronic devices:
respounsive respectively to the summations of dif-
ferent:ones of said derived potentials for selective-
1y- controlling said meters whereby: said meters
are operated in- simulation of the usual opera-.
tion of the corresponding meters of an. acfual:
radio transmitter in- response to the tuning of
said actual radio transmitter.

23 In. a: deviee for simulating a radio trans-.
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mitter, a master oscillator for generating a car-

rier frequency, means for controlling the emis-
sion from said oscillator in accordance with sig-
nals which it is desired to transmit, a control
for simulating the selection of an intermediate
amplifier range, a control for simulating the
selection of a doubler range, a control for simu-
lating the selection of a master oscillator range,
other tuning simulation controls, a source of cur-
rent, a first, a second and a third potential di-
vider energizable from said source, means con-
trolled by said intermediate amplifier range con-
trol for deriving a potential from said first po-
tential divider commensurate with the setting
of said control, means jointly controlled by said
intermediate amplifier and said doubler range
controls for deriving a potential from said second
potential divider commensurate with the settings
of said controls, means jointly controlled by said
intermediate amplifier and said master oscillater
range. controls for deriving a potential from said
third potential divider commensurate with the
settings of said controls, means controlled by said
other controls for deriving potentials from said
source commensurate with the tuning effects of
said controls, meters, and electronic devices re-
sponsive respectively to the summations of differ-
ent ones of said derived potentials for selectively
controlling said meters whereby said meters are
operated in simulation of the usual operation of
the corresponding meters of an actual radio
transmitter in response to the tuning of said ac-
tual radio transmitter.

24. In a device for simulating a radio trans-
mitter, a master oscillator for generating a car-
rier frequency, means for controlling the emis-~
sion from said oscillator in accordance with sig-
nals which is is desired to transmit, a control for
simulating the selection of an intermediate am-
plifier range, a control for simulating the selec-
tion of a doubler range, a control for simulat-
ing the selection of a master oscillator range,
other tuning simulation controls, a source of cur-
rent, a first, a second and a third potential di-
vider energizable from said source of current, re-

lays selectively operable by said intermediate am- -

plifier range control, means controlled by said
relays for deriving a potential from said first po-
tential divider commensurate with the setting
of said intermediate amplifier range control,
means controlled by said relays for varying the
total resistance of each of said other potential
dividers, means controlled by said doubler range
control for deriving a potential from said second
potential divider commensurate with the setiing
of said control, means controlled by said master
oscillator range control for deriving a potential
from said third potential divider commensurate
with the setting of said control, means con-
trolled by said other controls for deriving poten-
tials from said source commensurate with the
tuning effects of said other controls, meters, and
electronic devices responsive respectively to the
summations of different ones of said derived po-
tentials for selectively controlling said meters
whereby said meters are operated in simulation
of the usual operation of the corresponding
meters of an actual radio transmitter in response
to the tuning of said actual radio transmitter.
25. In a device for simulating a radio trans-
mitter, an oscillator for generating a carrier
frequency, means for controlling fthe emission
from said oscillator in accordance with signals
which it is desired to transmit, means for simu-
lating the connection of an antenns to the radio
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frequency output of an actual transmitter, tuning
controls for tuning the oscillator, other tuning
simulation ccntrols, a source of current, means
controlled by said funing controls for deriving
potentials from said source commensurate with
the tuning effects of said controls, a meter, elec-
tronic devices responsive respectively to the
summations of different ones of said potentials
for selectively controlling said meter, and a relay
operable only if said simulated antenna has bheen
connected to cause said meter to be responsive
to said electronic devices in a manner to show a
reading in simulation of the usual operation of
the corresponding antenna current meter of said
actual radio transmitter in response to the tuning
of said actual radio transmitter.

26. In a device for simulating a radio transmit-
ter, an oscillator for generating a carrier fre-
quency, means for controlling the emission from
said oscillator in accordance with signals which
it is desired to transmit, means for simulating
the connection of an antenna to the radio fre-
quency output terminal of an actual transmitter,
tuning controls for tuning the oscillator, tuning
controls for simulating the tuning of the inter-
mediate and power ampiifier stages of an actual
transmitter, controls for simulating the variation
of the capacitance, inductance and coupling of
the antenna, a source of current, means con-
trolled by said controls for deriving potentials
from said source commensurate with the tun-
ing effects of said controls, a simulated power
amplifier plate current meter, electronic devices
responsive to the summation of said potentials
for controlling said meter, and a relay operable
only if said simulated antenna has been con-
nected to render said antenna capacitance, an-
tenna inductance and antenna coupling centrols
effective to apply derived potentials to said elec-
tronic devices for controlling said meter in simu-
lation of the usual operation of the corresponding
meter of said actual radio transmitier in response
to the tuning of said actual radio transmitter.

27. In a device for simulating a radio trans-
mitter, an oscillator for generating a carrier
frequency, means for controlling the emission
from said oscillator in accordance with signals
which it is desired %o transmit, tuning controls
for tuning the oscillator, other tuning simula-
tion controls, a switch having a voltage and a
current position, a source of current, means con-
trolled by said controls for deriving potentials
from said source commensurate with the tuning
effects of said controls, a simulated antenna cur-
rent meter, electronic devices responsive ta the
summation of said potentials for controlling said
meter, and means controlled by said switch for
rendering said meter unresponsive to said elec-
tronic devices unless said switch is operated into
its current position.

ARTHUR LUDWIG.
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