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CBY-38039 tubes CONNECTED TO GRCUND and with the control
grid clips in place on their respective tubes. If this con-
dition is not fulfilled the receiver will .oscillate, since
it is out of its shielding case, and the voltage readings
will be abnormal.

If there is no plate voltage on one tube, check the
contacts made between the various pin plugs and their res-
pective receptacles on the coil set. These pin plugs may bhe-
come distorted after long use; their ability to make contact
can be restored, unless the springs are fractured, by tap=~
ping each plug on the end to spread the contact sprlngs. If
the cathodes or screen grids do not show approximately the
same voltages as those in the table, check the circuits
through the various decoupling resistors in supply lines from
46 to the cathodes, 47 and 56 to the screen grids, and 56 to-
the plates. If an ohmmeter is available check the values of
these resistors. Check all by-pass condensers 1, 2, 3, 4,

5, 6, 7, 8, and 9 for internal short circuits. Check resis-
tors 66, 62, 67, 68, 70, and 72 for short circuits. Check
the neon tube 87 for a short circuit. Under normal service
conditions this tube will last for the life of the receiver
without replacement.

57, MODEL RU=-& RECEIVING EQUIPMENT :

GENERAL

Model RU~3 receiving equipment is a complete radio
receiving set designed for use on aircraft. It is adapted
for installation and operation in airplanes of all types.
It may be used to receive modulated, unmodulated, and damp-.
ted-wave signals in the frequency range 224 - 13,575 Kc.

- ~ Model RU-3 receiving“equipment consists of a Type CBY=-
46036 receiver, Type CBY=-46011 receiver mounting base, Type
CBY-62003 Junctlon box, Type CBY-21108 dynesmotor unit, Type
CBY-23046  receiver switch box, Type CBY-23(0l2 remote tuner,
Type CBY-23021 remote tuner mechanical linkage, and 1b sets
of coils covering the frequency range.

These units arec also parts of Model GF and Mode1 RU-2
equipments and may be used interchangeably in Models RU-2,
RU-3, GF, and GF-l. No other items listed herein may be -
used ‘in Model RU~2 or Model GF equipment. Fige 58 shows
cabling diagram whlle Flg. 59 and Fige. 60 shows schematlc
circult.-- ‘

RECFIVﬁR. e

Type cBy—46056 receiver con81sts of a set-box inolud—
ing the supply and coupling terminals, tube sockets, power
terminals and plug-in coil terminals.-

Electrically the receiver comprises three stages of
radio frequency amplification, a detector and one audio
amplifier, an A.G.C. stage , and a heterodyne oscillator.
The radio amplifier tubes are Type CRP-38078; the detector amd
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A.G.C, tubes are Type CRP-38077; the combined oscillstor
and audio amplifier tube is a Type CRP=-38233. Each of the
Coil Sets includes_ the same essential parts of the radio-
frequency circuit and except where otherwise noted, the fol=-
lowing discussion applies to the Receiver when using any one
of the Coil Sefts.

The three radio-frequency stages are coupled by four
coupling circuits, three of which consist of radio-frequency
transformer coils 89, 90, tuned by equal sections, 58, of
the variable gang tuning condenser. The fifth consists of =
fixed band-pass coupling circuit which is made up of a coil
assembly 93, shunted by resistor 37, a grid condenser 34
shunted by a resistor 29, and a coupling condenser 13.

- These five elements are all included in the band-pass stage
of CBY-47077, but is omitted from all other Coil Sets. Con-
denser 34 is included in the band-pass stages of CBY-47066
and 47067, in the low frequency band-pass stages of CBY=-
47076 and 47077, resistor 29 is included in the band-pass
stages of all Coil Sets except the“high-frequency range of
CBY-47077. The function of the fixed band-pass coupling be-
tween the first and second tubes of the amplifier is to eg-
ualize the amplificetion over any frequency band which is
covered by roatation of the gang tuning condenser through
180 degrees, All tubes coupled by the tuned transformer 90
amplify considerably more at small values of tuning capacity
than at large values of tuning capacity. The band-pass
coupling unit is designed, for each Coil Set, so that the
amplification of the vacuum tube nearest the antenna is
greatest at the low frequency end of each frequency band.

The capacities of the equal sections, 58, of the gang
tuning condenser, which tunes the coils 89 and 90 to reson-
ance with each other and with the incoming radio signal,
are augmented by the aligning condensers 59A. The align-
ing condensers are built into the respective sections of the
gang condensers and are separately adjustable, but not as a
receiver operating adjustment. The function of condensers
594 is two-fold: First to compensate in all frequency bands
for slight inequalities in the residual capacity of each
stage: Second to provide & relatively high capacity in each
tuned stage following the antenna stage.

The first stage is coupled to the collecting structure
through a two-position "antenna~loop switch" 45. With
switch 45 in the "A" position { open ] the antenna, con-
nected to terminal 46, is coupled to the input coil assembly
89 through a varisble series condenser 98, adjustable by
knob 244. Condenser 98 is adjusted, for any given receiv-
ing antenna, until the series combination of its capacity
with the antenna capacity is equal to the residual or min-
imum capacity introduced into the remaining tuned stages
by condenser 59A. When this is done the input circuit 89
Is in resonance with the remaining tuned circuits at all
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settings of the gang tuning condenser. Switch 45 is set at the
" position when it is desired to use an inductive loop or
¢oil serial as a collecting structure, connected between the
two terminals 53. In this position the antenna binding post is
grounded by the upper contacts of switch 45 and the input
alignment condenser 98 is connected in parallel with the first
radio coil assembly 89. The loop terminals 53 are connected in
parallel with the ungrounded primary of coil assembly 89, which
serves to couple the loop to the tuned input circuit. The in-
put coil assemblies of Types CBY-47065, CBY-47066, CBY-47067,
CBY-47068, CBY-47069, and the low-frequency range of CBY~47076
and CBY-47077 are designed to operate in this fashion with the
loop having an inductance of APPROXIMATELY 110 microhenries

and a distributed capacity of APPROXIMATELY 100 microfarads.
With a loop having approximately these constants connected to
terminals 5%, and the switch in the "L" position it is possible
to find a setting of the input elignment condenser 98 which
tesonates the input circuit for any frequency within the band
defined by the rotation of the gang tuning condenser. It
should be borne in mind, when receiving from a loop, that the
input section 58 of the geng condenser is the main variable
tuning element of the loop circuit, and condenser 98 is merely
a supplemental control. Resonence in the input ecircuit is not
critical when a loop is used, but it will be found that slight
read justments of condenser 98, as the Receiver is tuned thro=-
ugh a frequency band, may produce slightly stronger received
signals. But when using antenna reception, with switeh 45 in
its "A" position NO READJUSTMENT OF CONDENSER 98 IS NECESSARY
OR DESIRABLE IF IT IS PROPERLY SET ON INSTALLATION. The shaft
of the gang condenser is brought out the front of the Receiver
and terminates in dial 240, It is rotated, for tuning to
resonance with the incoming signal, by a worm-gear drive, to
which coupling is made through outlets 261 and 262.

The last element of each Coil Set is an oscillator coil
assembly 91 which is tuned by the last section 58 of the gang
tuning condenser. This coil assembly consists of a tuned coil
which is connected between the grid and plate of the oscillator
triode (1) of the CRP-38233 vacuum tube. The eathode of this
tube is connected to0 an intermediaste tap on this tuned coil. A
second coil of assembly 91 is coupled to the tuned coil and is
connected between the cathode of the CRP-38077 detector tube
and the by~-pass condenser 6, thus impressing a radio-fregquency
heterodyne voltage from the oscillator between the detector
cathode and detector control grid. Included inside the shield
of the oscillator coil assembly on all Coil Sets except CBY-
47065 is a small additional condenser 94, whose function is to
provide a compensating element, in each of the Coil Sets, for
unavoidable differences in distributed capacity beiween the
oscillator coil of the Coil Set, and the other tuned coils of
the same set. The slight differences in distributed capacity
herein referred to cannot be compensated by adjusting the
aligning condensers 59A and 59B because these condensers are
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an integral part of the Receiver and can have only one set-
ting for all the Coil Sets. For convenience in wiring and
control of the oscillator, the cathode and grid terminals
of the oscillator coil are made to have different radio-
frequency potentials, both above ground, and the plate of
the tube is kept at ground potential for radio frequencies.
If terminal 81 is grounded externally the plate voltage is
removed from the oscillator and it stops oscillating: in
this condition the Receiver is adapted to receive modulated
signals, When terminal 81 is left open with respect to N
ground, triode (1) of the CRP-38233 tube oscillates and ind-
uces through the coupling coil of assembly 91 a radio volt-
age between the cathode and control grid of the detector.
The frequency of this oscillation is determined by the set-
ting of the variable gang condenser. Coil 9i is so desig-
ned, for each coil set, that this frequency is equal to one
half the frequency of the received signal, to which the amp-
‘lifier stages are tuned by the preceding sections 58 of the
g condenser. When this half-frequency voltage is irpres-
é on the control grid of the detector the second harmonic
of ﬁhq frequency of this voltage beats with the incoming
~51gnal‘%@ltage also impressed between cathode and grid from
the last tuned amplifier coil 90. Thus when receiving a CW
signal, the operaticns of tuning the amplifier stages to
resonance with the incoming signal and tuning the hetero-
dyne oscillator so that its harmonic beats at an audio fre-
quency with the incoming signal, are both carried out simul=~
taneously by rotating the gang condenser shaft. No means
are provided for controlilng externally the strength of
oscillation of the heterodyne oscillator, the amplitude of
oscillation is maintained automatically at a level suitable
for the detector, as the Receiver is tuned through any fre-
quency band covered by rotation of the gang condenser.
After successive amplification through the three CRP=~
- 38078 tubes the amplified radio signael is impressed upon
the control grids of the two CRP-38077 tubes. It is im-
pressed on the A.G.C. tube through fixed condenser 97 and
through a direct connection to the detector tube. Con-
sidering first the CRP-38077 detector tube, its control
grid has impressed upon it either a modulated incoming sig-
nal elone, or in the case of CW reception, for which the
heterodyne oscillator tube is turned on, an incoming sig-
nal plus the heterodyne voltage from the coils 91 as pre~ —
viously explained, which effectively modulates it in the
plate circuit. A eorrespondlng audio frequency voltage is
developed in the plate circuit of the detector tube by
plate rectification. This audio voltage appears across
the detector plate resistor 30, and is impressed upon the
grid of the audio amplifier tube, triode (2) of the CRP-
38233, through a resistor 21 and condenser 1l. This audio
amplifier triode (2) amplifies the audio signal, which

S~
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passes from its plate through a low-pass filter section com-
prising choke coil 95 and condensers 10, to the output trans-
former 39. The low-pass filter attenuates all asudio frequen-
cies above about 2500 cycles per second; it is included in the
circuit to reduce "noise" occurring at the higher frequencies.
Resistor 21 operates in conjunction with condenser 11 to keep
radio=frequency currents out of the audio output stage. Res-
istor 20 is a grid return for the output tube. Two terminals
are provided for the telephone receiver circuit from plug ter-
minal 75, identified by the letters LZ and HZ. The HZ termin-
al is connected through condenser 56 to the primary windipg

of transformer 39. When output line 75 is wired to the HZ
terminal the Receiver is adapted for use only with high-imped-
ance load. Transformer 39 is a step~down transformer. When
the output line to 75 is connected, as shown in Fig. 59 to the
secondary terminal LZ of this transformer, the Receiver is
adapted for use with low~impedance 1load. These high and low-
impedance output terminals are accessible at the rear end of
the Coil Set compartment and the soldered connection between
line 75 and one output termine} may be changed to the other
output terminal without removing the Receiver chassis from its
case. A closed-circuit jack 96 is provided on the front panel
of the receiver for connecting into the grid cirecuit of the
audio amplifier triode (2) the transmission system of the air-
plane Interior Cormunication System if desired.

The sensitivity of the Receiver is controlled by varying
the control grid bias and hence the R.F. amplification of the
three '78 R.F. amplifier tubes. This is done either externally,
by a manually operated variable resistor, or internally by the
A.G.C. circuit. ,

On "AUTO", terminal 73 is grounded, bringing cathodes of
the R.F. amplifiers to ground. Control grids of the three R.F.
amplifiers are opened through terminal 74. A DC voltage bet-
ween the control grids of the three R.F.s and ground will de-
termine the grid bies and hence the amplification of the three
R.F. stages. Such a voltage is developed automatically, by
rectification of the incoming carrier wave by the A.G.C. tube.

The A.G.C. tube is biased at "cutoff" so that no plate
current flows unless a signal is impressed upon the grid of
the A.G.C. and is rectified in the plate eircuit. The recti-
fied signal appears as an audio and D,.C. voltege across 31,
Only the D.C. component, which varies approximately in propor-
tion to the strength of the incoming radio carrier voltage, is
used. The audio components are by~passed to ground through
condenser 4, end are further suppressed from the line return-
ing to the grids of the R.F. amplifiers, by 24 which forms,
in cooperation with condenser 4, a low-pass filter section.

As the amplified carrier of the incoming radioc signeal
increases, the plate of the A.G.C. draws current and the D.C.
drop appears across 31 which causes the plate to become more
negative with respect to ground.
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~ FUNDAMENTAL A.G.C. CIRCUIT OF RU-3 RECEIVER.

This negative voltage is impressed through 29 and 20 upon
the grids of the three amplifiers, and the amplification
of these tubes is correspondingly reduced as the radio
frequency signal increases. Thus the output of the rec-
eiver is held substantially constant over a wide range of
incoming signal strength.

~ On "AUTO™ the level control 132 is shunted around
the phones to determine the sensitivity desired.

The operation of the A.G.C. tube is independent ‘of
the operation of the heterodyne oscillator. It is fed by
the ineoming signal and varies the gain of the R.F. amp~
lifiers ahead of the detector. The heterodyne oscilla

affects the detector only. Thus A.¢.C may bg used in tha 

reception of either CW or modulated signals.
It the voltages on the cathode and the grid of the
L.G.C, tube are varied so that the bias is less than 8

volts, the A.G.C. action will occur at much weaker signal

levels and therefore cut down or block the weak incoming
signals out altogether. It is the eight volt drop that
gives the delayed action, so that weak signals will not
be affected. If the bias exceeds eight volts the signel
level will be too high end the A.G.C. action will be de~
layed too much. It is 1mportant then, that the difference
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in cathode and grid wvoltage of the A.G.C. tube be substant=
ially eight volts. -

When using the manual control the grids of the three RF
amplifiers are biased through resistor 61 to ground. This
bias is maintained constant, at the same time the manual con-
trol switch when in the “ON" position grounds 61 through 74
and 82, the ground is removed from 73 and 85 and is maintain-
ed through a variable resistor (manual volume control) to
ground. With the resistor in series to ground the potential
difference can be varied between grid and cathode of all
three RF amplifiers and will give a biasing action to control
the gain of the receiver.

The heavy line in Fig. 59 represents the grounded :
freme of the receiver. The cathodes of the threc amplifier
tubes are connected for direct current to terminal 73 of the
power plug. The control grids of these amplifier tubes are
connected for direct current to terminal 74 of the power plug,
as well as to a line running through resistor 24, to the plate
of the A.G.C. tube, CRP-38077. If terminal 74 1s grounded ex=-
ternally, thus connectlng all grid circuits directly to ground,
an external resistance between the cathode (terminal 73) and
ground will limit or control the amplification of the CRP-
38078 tubes by meking their grids more negative with respect
to their cathodes. If terminal 73 is grounded externally,
bringing all cathode circuits to ground, a DC voltage between
terminal 74 and ground will determine the grid bias and hence
the amplification of the three amplifier tubes. Such a volt-
age 1is developed automatically, when terminal 73 is grounded
and 74 is opened externally, by rectification of the 1ncom1ng
carrier wave by the A.G.C. tube. The amplified incoming sig-
nal is impressed upon the control grid of this A.G.C. tube
through condenser 97 and is rectified in the plate circuit of
the tube. The rectified signal appears as an audio and. Dg
voltage across the plate resistor 3l. Only the D¢ component,
which varies approx1mately in proportlon to the strength of
the incoming radio carrier voltage, is used. fThe audio com~
ponents of the A.G.C. tube are by-passed to ground through
condensers 4, and are further suppressed from the line return-
ing to the grids of the amplifier tube, by resistor 24 which
forms, in cooperation with cordensers 4 a low-pass filter
section. As the amplified carrier of the incoming radio sig-
nal inereases, the plate of the A.G.C. tube becomes more and
more negative with respect to ground, ‘owing t0 the DC drop
in resistor 31, this negative voltage impressed through
resistors 29 and 20 upon the grids of the three amplifier -
tubes, and the amplification of these tubes is correspondlngly
reduced as the radio frequency signal incrcases. Thus the
output of the recciver is Held substantially constant over a
wide range of incoming signal strengths. The connections of
the external circuits to the power plug are such that termin-
als 73 and 74 cannot be grounded, permitting external adjust-
ment of the radio-frequency ampllflcatlon by the DC voltage
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from the plate circuit of the A.G.C. tube. The operation of the
A.G.C. tube is. indépendent of the operation of the heterodyne
oscillator. The A.G.C. tube is fed by the inceming signal and
varies the gain of the radio amplifier ahead of the detector.
The heterodyne oscillator affects the detector only. The auto-
matic gain control may be used in the reception of either cw or
modulated signals.

"Terminal 72 of the power plug is a positive 12«14 volt
terminal and is connected within the Receiver to each of the
three series-connected pairs of heaters of the six vacuum tubes.
Resistor 140 shunted across the heater of the detector tube
serves to equalize the resistance of this branch with the resis-
tance of the two parallel-connected heaters of the CRP-38233
tube. A residual negative bias is imparted to the grids of the
CRP-38078 tubes by including between ground and their cathodes
two resistors 22 and 60. Terminal 80 is maintained at high
positive potential with respect to ground. From this terminal
is obtained the plate voltage for the CRP-38078 tubes, the
plate voltage for both triodes of the CRP-38233 tube, and the
‘plate and screen voltage for the GRP-%38077 detector tube.
Resistor 33 is connected between terminal 80 and ground as a
voltage divider. A center tap on 33 provides screen grid
voltage for the CRP- 38078 tubes. Terminal 77 is maintained
at a relatively large negative woltage with respect to ground
and to this terminal is connected the cathode of the CRP-38077
A.G.C. tube. The plate and screen grid of the tube are both
returned to ground. Thus the plate and screen grid are posi-
tive with respect to the cathode by approximately the amount
of the negative voltage on terminal 77. Terminsl 78 is main-
tained at a slightly greater negative wltage with respect to
ground than terminal 77. The control grid of the A.G.C. tube
is returned to 78, and this grid is thus biased negatively
with respect to the cathode by the difference between the vol-
tages on 77 and 78. It is necessary to return the plate )
circuit of the A.G.C, tube to ground because the control grids
of the CRP-38078 tubes are returned by a D.C. connection to
the plate of the A.G.C. tube, and the only permissable D.C.
voltage between these control-grid circuits and ground is that
‘developed by the rectification of incoming signals in the A.G.C.
tube. Thus the plate and grid voltages necessary to oOperate
the A.G.C. tube must be obtained by polarizing the cathode and
control grid of this tube negatively with respect to ground.
Terminal 81 is the on-off control terminal for the heterodyne
oscillator triode, as has been explained. Two series resistors,
28, are thrown between the high-voltege positive terminal 80
and ground, in place of the heterodyne oscillator tube, which
terminal 81 is grounded externally. Terminal 76 is grounded
at the power plug receptacle and terminal 79 is a spare.
Terminal 75 is eonnected externslly to the telephone receivers.

Resistor 32; by-passed by two condensers 6, is a bias
resistor in the cathode circuit of the CRP-38077 detector tube.
Resistors 61 and condensers 1 are decoupling filter elements
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