CHAPTER 4
THEORY

38. Introduction

a. This chapter will aid the repairman in under-
standing the functions of certain circuits which
may be slightly unconventional or appear complex
in the complete schematic. With this knowledge,
trouble shooting will be made easier and the repair
work will be done more efficiently.

5. Radio Recsiver B-274/FRR is of the super-
heterodyne type, having a frequency range of 540
ke to 54 me. From 540 ke to 7 me, it is a single
superheterodyne receiver with a 455-ke interme-
diate frequency. From 7 me to 54 mc, it is 2
double superheterodyne receiver, having both 6 me
and 455-ke intermediate frequencies. Provisionis
made for six crystal-controlled h-f oscillator fre-
gquencies from 1.5 me to 29.7 me.

¢. An output terminal strip is included to which
either one or more external speakers can be con-
nected. There is also a jack for plugging phones
into the output. Neither speakers nor phones are
included with the basie equipment.

d. This receiver uses two stages of r-f amplifi-
cation, one stage of 6-mc i-f amplification, three
stages of 455-ke i-f amplification, and two stages
of a-f amplification. It is capable of receiving
and detecting both a-m waves and iew. Output
from the 455-ke intermediste frequency is pro-
vided for use with other communications equip-
ment, such as radioieletype, when necessary,

39, Block Diagram
(fig. 13)

a. The signal path through Radio Receiver
R-274/FRR is shown in the block diagram (fig.
13). Study this block diagram and fix in mind
the sequence of stages through which the mcom-
ing signal will pass before it reaches the output
terminals,

». The signal from the antenna is coupled to
the ist rf amplifier (V1) through antenna trans-
former T6. After amplifieation, it 1s impiessed
on the grid of the 2d r-f amplifier (VZ).

FEY
The use
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of two pentode stages of r-f amplification gives
sufficient gain for a good signal-to-noise ratio,
and also provides for the maximum image and
i rejection ratios. From the 2d r-f amplifier
(V2), the signal goes to the 1st mixer (V3) where
it is combined with the signal from either the vfo
(V4) or crystal h-f oscillator V5, depending on the
position of the VEO CRYSTAL switch. In the
signal frequency range of 540 ke to 7 mec, the fre-
quency of the vfo is always 455 kc higher than
the signal frequency, so that the output of the 1st
mixer (V3), which is the result of the combina-
tion, contains a 455-ke signal. This signal goes
to the grid of the 1st 455-ke i-f amplifier (V).
From the frequency range of 7 me to 54 me; &
better image rejection ratio can be obtained if
the intermediate frequency is increased. There-
fore, in this frequency range, the vfo is always 6
me above the signal frequency. Thus, the cutput
of the 1st mixer (V3) (in which the signal and the
output of the vio are combined) contains a 6-me
signal.

¢. When the receiver is tuned to a frequency in
the range of 7 mc to 54 me, the i-f switch-over
relay (K1) feeds the 6-mc output of the Ist
mixer (V3) to the grid of the 8-m¢ i-f amplifier
(V8) where it is amplified and where sufficient
selectivity is provided to give a high degree of
image rejection. However, more amplification
and greater selectivity are required before de-
tection. Therefore, the output of the 6-me id
amplifier (V6) goes to the 2d mixer (V7). The
output of a 6.455 me crystal-controlled oscillator
(V&) also is injected into this 2d mixer (V7).
As 3 result of the combination of these two signals,
the output of the 2d mixer (V7) contains a 455-ke
signal. This output then is fed through the i-f
switch-over relay (K1) to the grid of the 1Ist
455-ke i-f amplifier (V9) for further amplification.
Note that when the receiver is tuned to a signal
in the frequency range from 540 ke to 7 me, the
output of the ist mixer (V3) goes directly to the
grid of the 1st 455-ke i-f amplifier (V9) so that
when the signal reaches this point, the operation
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is the same regardless of the frequency to which
the receiver is tuned.

d. The 455-ke signal which goes to the Ist
455-ke i-f amplifier (V9) is amplified successively
by the 1st (V9), 2d (V10), and 3d (V11) 455-ke
i-f amplifier stages which provide the proper
degree of selectivity. Provision has been made
for variation of this selectivity according to the
requirements at hand.

¢. After it has passed through the 3d 455-ke
if stage (V11), the amplified signal is sent to the
audio detector (%4 of V12) where it is demodu-
lated and fed into the Ist a-f amplifier (V16).
The output of V16 is coupled to the a-f output
stage (V17) which amplifies the signal with power
enough to actuate headphones or speakers, or
to feed a 600-ohm audio transmission line. The
noise limiter (% of V12) can be switched in between
the nudio detector (% of V12) and the 1st a-f
amplifier (V16) when the reduction of static
pulses or other electrical disturbances is desirable.

7. In order to have a good age system without
causing audio distortion, an age duo-diode (V13)
is connected in such a position in the circuit that
it is isolated from the normal signal channels.
The output of the 2d 455-ke i-f amplifier stage
(V10) is transformer-coupled to the grid of the 3d
455-ke i-f amplifier stage (V11) and also to the
grid of the i-f output stage (V15). The output of
this tube, which couples into the agc system, also
is isolated from the normal signal channel. The
age tube (V13) couples the negative bias, which
the operator selects with the RF GAIN-AC control
(R83), to the control grids of tubes V1, V2, V9,
and V10. The rectified i-f signal superimposes
additional negative voltage on the grid input
circuit when a strong signal is tuned. The
stronger the incoming signal, the greater the nega-
tive bias. Conversely, a small signal strength
allows the over-all amplification to be greater.
This produces a self-balancing arrangement in
which the audio output voltage is held fairly
constant even though the r-f signal strength
varies greatly from station to station.

g. In order to hear c-w signals, a bfo (V14) is
used. It generates a signal which is combined
with the i-f signal at the audio detector (% of V12)
which detects both to produce an audio beat note
which is amplified by the audio amplifiers (V16
and V17). The frequency of bfo V14 can be
varied slightly above and below 455 ke to give
the most effective audio note. During the silent
periods between transmitter pulses, no 455-ke

signal will be present at the detector input, and no
beat note will be sent through the audio stages.

A. Some communication equipment, for ex-
ample radioteletype, with which Radio Receiver
R-274/FRR can be used. requires 1-f output
facilities. To give this service, a separate i-f
amplifier stage (V15) has been provided. The
signal from the 2d 455ke i-f amplifier (V10)
goes to the grid of V15 where it is amplified.
The output is transformer-coupled to a low-
impedance level so that it can be connected by
coaxial cable to the external equipment. The
i-f output stage also furnishes a signal to the
age cireuit (f above).

i. A meter (M1) is provided to help in tuning
and to give an approximate indication of the
relative strength of the incoming signal. The
meter circuit measures the voltage in the age
circuit when the AGC-MANUAL switch is
the AGC position. The meter circuit is not
connected when the switch is in the MANUAL
position. The amount of cwrent through the
meter is proportional to the average magnitude
of the incoming signal.

4. The receiver operates from an a-c source
(50 to 60 cycles) only. Source voltages of 95
through 260 volis can be used by the selection
of the proper tap on the power transformer (T34).
Rectifier tube V18 is a full-wave reetifier which
supplies d-c¢ plate power to the other tubes in
the rteceiver. V19 is a regulator tube “which
provides constant plate voltage (regardless of
the normal power source voltage fluctuations)
to .the ecritical cireuits. Resistor R80 (ballast
tube). provides constant filament voltage.

Note. Figures 14 through 20 are keyed to paragraphs
40 through 48 and assume operation with the turret
switch in BAND VI. These connections are typical of
operation in BAND VI or V and may be construed as
typical of operation in BAND I, II, or 11, except that
the i-f switch-over relay (K1) is not actuated and the
6-me strip (V6, V7, and VB) does not operate for BAND
1, 11, or II1. By assuming operation in BAND VI, the
theory of operation within the 6-mec strip may be included
logieally. :

40. 1st R-F Amplifier
(fig. 14)

a. The r-f amplifiers must operate over the en-
tire frequency range of the receiver. Because of
the wide frequency range, & band selection arrange-
ment must be used. This is accomplished by use
of 8 four-section, six-position turret which makes
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all r-f and vio coils easilv available. All positions
of this turret are shown in the complete schematic
of figure 43, and one position corresponding to
BAND VI s shown m figure 14.

b. In the partial cireuit diagram of figure 14, 1t
can be seen that the coupling of the antenna to
the 1st r-f stage is through r-f transformer (T6)
when the turret switch is in the BAND VI posi-
tion. Note that the low-impedance (50-200 ohis)
primary winding of T6 is designed to connect to a
balanced, spaced-pair, twin-conductor, coaxial
transmission line. The primary winding also is
designed so that an unbalanced, single-conductor
coaxial transmission line or single-wire lead-in

an antenna can be us v *t i
from an antenna can be used by connecting ter

minal G of E1 to ground and the antenna lead to
terminal & of K1, Capacitor 022 (ANT ADJ) is
a front panel adjustment which compensates for
variable antenna chavacteristics that cause de-
tuning of the antenna iwput fransformer. The
secondary of T8 is tuned by ecapacitor C1A, and
the signal iz coupled to V1 by capacitor (21,
Capacitors €18 and €19 limit the highest fre-
guency to which the secondary of fransformer T6
will tune.  Tracking at the high end of the band
18 accomplished by adjustment of €19, Tracking
at the low end of the band s made possible by
means of the adjustable powdered-iron core inside
transformer TG, Resistor B2 feeds age vollage
1o the grid of V1. Resistor K3 and capacitor €023
form a filter which prevents any r-f or 1-f signals
of other amplifier stages from getting into the grid
cireuit of V1 through the age line. R4 is the
cathode resistor of V1 which Hmits its cathode
current to a safe value when no age voltage s
being developed. Resistor B5 aids in decoupling
the sereen of V1, and eapacitor 024 bypasses the
sereen to ground at the radio frequencies. Note
that no screen voltage is applied when switch 56
18 in the BEND position (fig. 20). In figure 43,
resistor R1 i3 connecied to a pair of turret contacts,
These contacts are arranged so that K1 is con-
nected across antenna transformer T35 {which 1s
the BAND V transformer) when the turret is in
the BAND VI position. This is to prevent any
mteraction between the transformer in use and
the transformer for the next lower frequency band.

¢. The output of the Ist r-f amplifier (V1) goes
to the primary of r-f transformer T12. The low
side of this primary winding is connected to +B
through resistor 6. Resistor R6, in combination
with capacitor 25, forms o filter which effectively

prevents anv r-f or i-f signals of other amplifier

stages from getting into the plate circuit of V1.
V1is a type 8AGH pentode tube, selected to give
the best possible signal-to-noise ratio m this circuit.

41. 2d R-F Amplilier
(fg. 14).

a. The circuit of the 2d r-f amplifier, when the
turret switch s in BAND VI position, also is
shown in figure 14. The signal from VI goes to
transformer T12, the secondary of which is tuned
to the signal frequeney by variable gang capacitor
(1B, Capacitors 045 and €46 limit the highest
frequeney to which T12 can be tuned. Tracking
at the h-f end of the band is accomplished by
adjusting of C46. Tracking at the low end of the
band s accomplished by means of the adjustable
powdered-iron core inside of transformer T12 to
improve gain. Capacitor C47 adds capacitive
coupling to the inductive coupling between the
primary and secondary of r-f transformer T12.
It is used to inerease the gain of transformer T12
at the high end of BAND V1. If this capacitor
were not used, the gain would be different at the
two ends of BAND VI, Qapacitor C48 resonates
the primary of transformer T12 at a frequency
below the lowest frequency in BAND VI, and
thereby 1mproves the Image rejection ratio.

b. The signal from r-f transformer T12 is coupled
to the grid of the 2d r-f amplifier (V2) through
coupling capacitor 48, which prevents the age
voltage from being grounded through the second-
ary of T12. Resistor B9 feeds the age voltage to
the grid of V2, a type 6BAS pentode tube. This
tube can be used becaunse the 2d v-f amplifier (V2)
does not have as much effect on signal-to-noise
ratio as does the I1st r-f amplifier (V1). Resistor
B8 is across a pair of turret switch conlacts
{fig. 43) which connect to BAND V - trans-
former {T11) when the turrei switch 1s n the
BAND VI position. It eliminates any reaction
between the r-f transformer in use and the trans-
formper for the next lower frequeney band. RIQ
18 the ecathode resistor for V2, which limits its
cathode current to a safe value, and capacitor €50
is the eathode byvpass which effectively grounds
the cathode of V2 insofar as r-f signals are con-
cerned. Ri11 is the screen voltage-dropping
resistor for V2, and screen bypass capacitor €51
grounds any screen r-f signals. No screen voltage
is applied when switch S6 is in the SEND position
(fig. 43).
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¢. The amplified signal in the plate circuit of
V2 goes to the primary of r-f transformer T18
which is connected to -+B through resistor R12.
Resistor R12 and capacitor C52 form a filter which
prevents r-f or i-f signals in other stages {rom get-
ting into the plate circuit of V2 by means of the
+B lead.

492. 1st Mixer
(fig. 15}

@. The 1st mixer stage, V3, is of the electron-
coupled type (6BE6) which minimizes the effect
of the r-f circuits on the vfo frequency stability.

b. The signal from the 2d 1-f amplifier goes to
74 transformer T18. the secondary of which 1s
resonated to the signal frequency by capacitor
C2A. Capacitors (74 and O75 limit the highest
frequency to which transformer T18 will tune.
Tracking at the high end of BAND VI is accom-
plished by adjusting capacitor (75, Tracking at
the low end of BAND VI is accomplished by ad-
justing the powdered-ivon core inside transformer
T18. Capacitor €76 adds capacitive coupling be-
tween the primary and secondary of transformer
T18 to make the h-f end gain of the transformer as
great as the I-f end gain. Capacitor (C77 resonates
the primary of T18 below the lowest frequency of
BAND VI to improve the image rejection ratio.

¢. The signal is coupled directly to the signal
grid of the 1st mixer tube (V3). No age voltage
is applied to this tube because it would reduce the
frequency stability of the vfo.

d. Resistor R17 is across a pair of turret switch
contacts which counect to the BAND V mixer

r
IST MIXER
¥3 4

transformer (117). Tt eliminates any reaction be-
tween the mixer transformer in use and the trans-
former for the next lower frequency band. RIS
is the cathode resistor for V3 which limits the
cathode current to a safe value. Capacitor C78
is the cathode bypass which effectively grounds
the cathode where r-f or i-f signals are con-
cerned. R20 is the screen voltage-dropping
resistor for V3, and capacitor C79 is the screen
r-f bypass capacitor. The screen voltage source
for V3 is regulated to improve the frequency
stability of the vio.

¢. Resistor R19 is the vfo injection grid resistor
which permits the proper operating bias to be
developed on the injection grid of V3 by the vio
signal. Coupling from the vfo is accomplished
through the series combination of capacitor C80
and resistor R21. Capacitor C80 prevents injec-
tion grid resistor R19 from being shorted by the
vfo circuits, and resistor R21 improves the isola-
tion between the Ist mixer tube (V3) and the vio
cireuits.

#. The signal in the plate circuit of V3 is always
at the intermediate frequency of the receiver, since
it is the result of mixing the r-f signal and the out-
put of the vfo. When the receiver is tuned to any
frequency between 540 ke and 7 me (BANDS 1,
11, and IID), the output of the 1st mixer contains
a 455-ke signal, and it goes to the 455-ke i
amplifiers. However, the image rejection ratio of
the receiver would be very poor if an intermediate
frequency of 455 ke were used when the receiver
is tuned to higher frequencies. Therefore, when
the receiver is tuned to frequencies between 7 me
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Figure 15. Radio Receiver R=-274/FRR, functional diagram of 1st mizer stage.

30

i
£




!

and 54 me (BANDS IV, V, VI), an additional i-{
system is used. In these bands, the output of the
ist mixer tube (V3) contains a frequency of 6 mec
which is sent to the 6-mc i-f amplifier. The
switch-over is accomplished automatically by
relay K1.

43. |-f Switch-Over Relay
(fig. 16)

a. Switch-over relay K1 has two sets of double-
throw contacts and automatically switches the
output of the 1st mixer tube (V3) into the proper
i-f channel. When the receiver is operating in
BAND I, 11, or I1I, the i-f output of the 1st mixer
tube (V3) is 455 ke and connections are made from
the plate of the 1st mixer tube (V3) directly into
transformer T28, from which the signal goes to the
grid of the 1st 455-ke i-f amplifier (V9). Any
signal which might be picked up in the 6-mec i-f
amplifier (V6) or the 2d mixer tube (V7), or any
spurious oscillation which may oceur in these
stages, will be shorted out because of the low-
impedance ground circuit at the plate of the 2d
mixer tube (V7). About —24 volts of bias is
applied to the grid of the 6.455-mc oscillator (V8),
and this prevents the tube from oscillating or con-
ducting. When the receiver is operating on
BAND IV, V, or VI, the i-f output of the 1st mixer
tube (V3) is 6 me, and connections are made from
the plate of the 1st mixer tube (V3) to transformer
T25, from which the signal goes to the grid of the
6-mec i-f amplifier (V6). A ground connection
between the coil of relay K1 and the grid of the
§.455-mc oscillator (V8) removes the large bias
{—24 volts) from the oscillator and allows it to
operate on BANDS IV, V, and VI. The 455-ke
output of the 2d mixer (V7) then 1s fed to trans-
former T28, from which it is fed to the grid of the
18t 455-ke i-f amplifier (V9). '

b. The coil of relay K1 energizes when —24
volis from the main power supply of the receiver
is applied. When BAND 1, II, or III is in use,
the —24.volt potential is applied to one terminal
of the relay coil, but an open ground return at the
other terminal prevents ths relay from energizing.
When BAND 1V, V, or VI is in use, the open
terminal of the relay coil is grounded directly, and
the relay enerpizes, transferring both sets of
contacts.

¢. The 24 volts is produced between ground
and the center tap of the plate voltage winding
of the power transformer.  The circuit consists of

resistors R81 and R82, the series combination of
R111 and R83, and R35 all connected in parallel.
When the relay coil is switched into the circuit
(energized), the coil replaces resistor R35 in the
circuit, and R35 is open-circuited.

d. Four coaxial cables are involved in the i-f
switching arrangement. One connects the output
of the 1st mixer (V3) to the relay contacts, A
second cable connects the output of the 2d mixer
(V7) to the relay contacts. A third cable connects
the output of the relay contacts to the 1st 455 ke
i-f transformer (T28). A fourth cable connects
the output of the 1st mixer at the contacts of
relay K1 to the primary of 6-mc transformer T25.
Each of these four cables has its shield grounded
at one end only to prevent undesirable ground
currents which would interfere with normal cir-
cuit operation.

44. VYariable-Frequency Oscillator
(fig. 17)

a. A partial schematic showing the vfo con-
nected in BAND VIisshownin figure 17, A type
8C4 tube (V4) is used in a Hartley oscillator
circuit. The grid of the tube is connected to a
tap on the oscillator transformer to improve the
frequency stability, on all bands except V and VI
On bands V and VI, the grid is connected to the
high, or hot, end of the oscillator transformer.
R27 is the grid resistor which develops operating
bias for the tube. Resistor R27 is bapassed by
capacitor C111 at radio frequencies,

b.- The cathode of the vio tube (V4) 1s connected
to the tap of the oseillator coil, and the low end
of the coil is grounded through a turret switch
contact. The cathode r-f voltage is coupled out
of the vfo stage through capacitor C80 and
resistor R21 to the control grid input of the Ist
mixer tube (V3).

¢. The plate is connected to the low end of
oscillator transformer T24 through capacitor C118.
Plate voltage comes from the -+ 105-volt regulated
supply through VFO CRYSTAL switch 32 SECT.
2. Note that plate voltage is furnished to the vfo
tube when switch S2 is in the VFO position only.
When the switch is in any CRYSTAL position,
the vfo does not function, but is replaced by the
crystal oscillator, V5 (par. 45).

d. C2B is the variable capacitor used for tuning
the vio stage, and is ganged directly with tuning
capacitors C1A, C1B, and C2A. Cl112 is the
tracking capacitor which helps keep the oscillator
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Figure 17. Radio Receiver R—274/FRR, functional diagram of vfo stage.

frequency exactly 6 mc above the signal frequency.
C115 is the trimmer capacitor which assists in
tracking and acts together with capacitor C116 to
limit the highest frequency to which the stage may
be tuned on BAND VI. Capacitor C116 is a
temperature compensator which corrects the effects
of temperature changes on the other oscillator
circuit components. The 1-f adjustment is made
by means of the powdered-iron core inside coil 138,

e. When the turret switch is set for operation
in BAND VI, resistor R28 is connected across the
BAND V oscillator coil in T23. This prevents
the oscillator coil of the next lower band from
absorbing anv energy from the BAND VI oscil-
lator coil.

45, Crystal Oscillator
(fig. 18)

a. A crystal oscillator using a type 6AG5 pen-
tode tube {V5) may be used as an alternate h-f
oscillator input for the Ist mixer tube (V3). It
serves the same function as the vfo (V4), and
replaces this stage when the VFO CRYSTAL
switch (52) is placed in any of its six numbered
positions. Switch 32 SECT. 1 connects the output
of the oscillator to the input of the 1st mixer tube
(V3) in any of the crystal positions, and opens
this circuit in the VFO position. Switch 52
SECT. 2 connects the plate of the variable fre-
queney oscillator (V4) to +B regulated voltage
when the switch is in the VFO position or the plate
and screen of the.crvstal oscillator (V3) to the

ordinary +B circuit in any crystal position.
Switeh 52 SECT. 3 is open in the VFO position
or connects one crystal into the oscillator circuit
in any of the six numbered positions.

b. There is a crystal socket provided for each
of the six crystals. The erystals (Crystal Unit
CR-18/U) are not furnished with the receive:
but are provided (when requisitioned) for specified
frequencies which will be set up as standard
channels for normal communication operations
within a specific area. Each crystal must operate
at such a frequency that it will provide a beat
frequency against the transmitted frequency to
produce the proper intermediate frequency for
amplification in the i-f stages of the receiver.
The oscillator frequency always is above the
incoming signal frequency. For example: if the
frequency being received is 1,500 ke, the oscillator
must be operating at 1,955 ke to produce a
455-ke i-f in the heterodyne action. Up to 7 me,
BAND 111, the if is 455 ke, and the oscillator
will operate at the incoming frequency plus 455 ke.
Above 7 me, the intermediate frequency in use
is 6 me, so the oscillator will operate at the incom-
ing frequency plus 6 me. Because of the selectiv-
ity of the r-f amplifier stages, the receiver has to
be tuned manually to the incoming frequency.
The frequency range reception for which the
crystal oscillator may be used is 1.5 to 29.7 me
in BANDS II through V. The highest Crystal
Unit CR-18/U frequency used is 11.9 mc. These
units may be used as follows: For signal frequencies
from 1.5 me through 7 mec in BANDS II and
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Figure 18. Radio Receiver B-274/FRR, functional diagram of erystal oscillator stage.
111, the fundamental crystal frequency is used. (2) For the signal frequency range from 7 me
In the range from 7 me through 13.8 me in BAND through 13.8 mc (BAND 1V), the inter-
111, crystals will be used at their 2d harmonic mediate frequency is 6 me and
frequencies (two times the fundamental fre-
Fs-+1F
quency). In the range from 13.8 me through Fr=—pg—
29.7 me, crystals will be used at their 3d harmonic. .
To determine the erystal frequency which should Ezample: Determine "5%19 cry Stiﬂ_ fre-
be chosen for use with an assigned incoming uency to be used for an mcoming signal
frequency, use the following formulas: frequency of 11.15 me.
Fa=crystal fundamental frequency Ff:111§+b:857 5 me
Fs=signal frequency
JF=intermediste frequency (3) For the signal frequency range from 13.8
) i me through 29.7 me (BAND V), the
(1) For the signal frequgnci; range of 1.5 me intermediate frequency is 6 me and
through 7 me (BANDS II and III), the K o
intermediate frequency 1s 455 k¢ and FJC:E‘?{ZF .
Fo=Fs+1I Fxample: Determine the crystal fre-
Ezample: Determine the crystal to be quency to be used for an mcoming
. . . . signal frequency of 27.6 me.
used for an incoming signal of 1.8 me. '
20816 .
Fu=1.8+ 455=2.255 me Fr==—g——=11.2m¢
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¢. The crystal oscillator stage is connected as an
electron-coupled oscillator. The crystal (Y1, Y2,
Y3, Y4, Y5, or Y6) is connected from the control
grid to the screen grid of the tube (V5) through
switch S2, SECT. 3, when the switch is set in
one of 1its six numbered positions. Note that
each switch position number matches a crystal
number (position 1 conneects crystal Y1, ete.).
The screen grid of the tube is the effective plate
for the oscillator circuit. Capacitor C123 couples
the crystal to the screen grid at the frequencies
involved. Capacitors €122 and C125 are in
series and assist the screen to control grid capacity
to provide feedback for oscillation. Note that
C125 1s variable and i1s marked CRYSTAL
VERNIER on the front panel. By changing
the setting of this control, a limited variation of
the erystal frequency can be effected (£50 cycles
per me). Grid leak resistor R32 will develop
the proper operating bias for the stage. Screen
voltage-dropping resistor R33 returns the screen
to +B and limits screen grid current to a safe
value.

d. The suppressor grid is tied to the cathode to
minimize any secondary emission effects. The
crystal oscillator radio frequency appearing at the
plate of tube V5 1s fed through inductors L65 and
L64, capacitor €119, and resistor. R21 to the
injection grid of the 1st mixer tube (V3). In-
ductors 165 and L39 connect the plate to +B

T25 SMC IF

1

vE
EBAS

through R34 and prevent the oscillator radio
frequeney from feeding back into the +B circuit.
Capacitor (!124 is used for further bypassing this
r-f variation to ground in both the screen and
plate circuits.

46. 6-MC I-F Amplifier

a. The simplified diagram showing the 6-mec
i-f amplifier which uses a type 6BAS6 pentode tube
amplifier V6 is shown in figure 19. Note that the

input to this stage comes from the contacts of -

relay K1 {(fig. 43), and that there is an input only
when the proper contacts are closed, which oceurs
on BANDS IV, V, and VL

b. The 6-mc signal is fed from the relay contacts
of K1 to the primary of transformer T25. The
signal is inductively coupled to the secondary
from which it is fed through eoupling capacitor
(113 to the grid of V6. R114 is the grid resistor.
Capacitor C128 resonates the primary of trans-
former T25 to 6 me, and capacitor C129 resonates
the secondary to the same frequency. Both of
these capacitors are fixed; tuning is accomplished
by means of powdered-iron cores inside trans-
former T25.

¢. R39 is the cathode resistor for tube V6 whick'
regulates the tube current to a safe value and
develops the grid bias necessary for correct opera-
tion. Capacitor (C131 is the cathode bypass
which effectively grounds the cathode at the
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Figure 20. Radio Receiver R—274/FRR, functional diagram of 2d mizer and 6.455-mc oscillator.

intermediate frequency. R40 is the screen-drop-
ping resistor which limits the screen current to a
safe value. Note that no screen voltage 1s applied
when switch S6 (fig. 43) is in the SEND position.
Capacitor C132 effectively grounds the screen
for intermediate frequencies.

d. The output of V6 is fed into the primary of
"F26, which is resonated to 6 me by capacitor C133
and is tuned by means of a powdered-iron core in-
side the primary winding (142). The lower end
of 142 returns to +B through resistor R103.
Capacitor C212 and resistor R103 form a filter
which prevents any signal voltage from getting
into the -+ B circuit, through which it could be fed
into other stages.

47. 2d Mixer V7

a. The 2d mixer circuit is shown in figure 20.
The 2d mixer tube (V7) is a type 6BES pentagrid
converter tube which combines the 6-mc i-f signal
with a signal coming from the 6.455-mc oscillator
(V8) to produce a 455-kc signal. This 455-ke
output then can be fed into the 455-ke i-f amplifier
circuit for further amplification. In BANDS I,
II, and III, the plate is shorted directly to +B
without a load. Any spurious signals occurring at
the plate of the tube are bypassed to ground
through the power supply filter capacitors. In
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BANDS 1V, V, and VI, the plate circuit includes
the primary of the 1st 455-ke i-f transformer T28.
This switching is accomplished automatically
through the contaets of relay K1 (par. 43). The
mixer tube plate current flows when the relay
contacts are in either position.

b. The 6-mec i-f signal developed across the pri-
mary of transformer T26 (fig. 19) is inductively
coupled to the secondary. The secondary is
resonated to 6 mec by capacitor C134, and is
tuned by means of a powdered-iron core inside the
coil (143). The 6-mec signal is fed from the
secondary of transformer T26 directly into the
signal injection grid of the 2d mixer tube (V7)
through a coaxial cable. The purpose of the
shield is to prevent any other signals from being
picked up and fed into this grid.

¢. R43 is the cathode resistor which limits the
cathode current to a safe value. Capacitor C136
is the cathode bypass which effectively grounds the
cathode at the signal frequencies. The screen
(grid 6) of tube V7 is connected to +B through
resistor R44 which limits the screen current to a
safe value. Capacitor C139 effectively grounds
the screen at the signal frequencies.

d. The output of the 6.455-mc crystal oscillator
(V8) is fed through capacitor C144 into the first
grid of tube V7. RI104 acts as a grid leak re-




sistor in this injection circuit and develops the bias
under which the circuit operates.

e. In BANDS IV, V, and VI, which are the
bands using the 6-me i-f strip, the output of tube
V7, containing a 455-ke signal frequency, is fed
into the primary of the 1st 455-ke 1-f transformer
(T28). The increased amount of coaxial cable
used to connect the 2d mixer (V7) to transformer
T28, over that used to connect the 1st mixer (V3)
to transformer T28, upsets the tuning of the pri-
mary of transformer T28. Variable capacitor
(140 is adjusted to compensate for this tuning
shift in transformer T28.

f. Two choke coils (1.63 and 1.67) are placed
in the filament supply lead to reduce any tendency
for signal frequencies to be reflected through the
filaments of other tubes. These coils are com-
mon to the filament lead of the 6.455-mc crystal
oscillator (V8).

48. 6.455-mc Crystal Oscillator V8

a. The functional diagram of the 6.455-me
crystal oscillator is shown in figure 20. It is a
crystal-controlled oscillator using a type 6BAS6
pentode tube (V8) connected as a triode. The
output is fed to the first grid of the 2d mixer (V7)
to be mixed with the 6-me i-f signal to produce a
455-ke i-f signal at the plate of V7. In BANDS
I, II, and III, the oscillator (fig. 43) has —24
volts of bias applied, and does not function. In
BANDS 1V, V, and VI, this bias is removed,
allowing the stage to oscillate as required.

b. The crystal (Y7) is connected from the con-
trol grid to the cathode of the tube (V8). The
cathode is grounded and the grid return, con-
sisting of resistors R45, R46, and R106 in series,
is grounded through the contacts of the turret
switch when the receiver is operating in BAND
IV, V, or VI. Operation in BAND 1, II, or 111
opens the grounded connection and causes the
grid to be returned to —24 volts dc through the
coil of relay K1. Capacitor C141 is placed in
parallel with the crystal to assist in stabilizing the
frequeney of oscillation and in minimizing the
effects which might occur in changing crystals due
to the variable amounts of capacity across various
cryvstal holders.  Capacitor C142 is an i-f bypass
to prevent any 6.455-mc oscillation from being
carried out of the subchassis which incloses the
2d mixer and 6.455-me oscillator stages.

¢. The sereen grid tied to the plate of the tube
(V8) is used as the plate of the oscillator cireuit.

The effective plate is connected to 4B through
the primary of transformer T27 in series. with
resistor B47. Capacitor C145 and inductor L44
form a fixed tuned tank circuit with a resonant
frequency of 6.455 me. The oscillator output: is
developed across this tank and is inductively
coupled to the secondary coil (L45). Capacitor
(1207 broadly tunes the secondary coil of T27 to
the output signal of the oscillator. Coupling to
the 2d mixer is accomplished through capacitor
C144. Capacitor C143 and resistor R47 form a
filter to isolate the oscillator frequency from the
+B circuit.

d. The suppressor of the tube (V8) is tied to the
cathode and ground. This helps to stabilize the
output of the tube. ,

¢. Inductors L:63 and L67 provide r-f isolation
in the filament supply lead (par. 47f).

49. 1st 455-kc I-f Amplifier V9

The circuit of the 1st 455-ke i-f amplifier is
shown in figure 21.

@. The 455:ke i-f amplifier stages are used at
all times because they provide most of the amplifi-
cation and control the receiverselectivity. ~When
the set is tuned in BAND.I, IT, and 111, the signal
to the Ist 455-ke i-f amplifier comes from the 1st
mixer (V3) through the contacts of relay K1.
When the receiver is in BAND 1V, V; or VI, the
signal comes from the 2d mixer (V7) through
relay K1.

b. The 455-ke i-f signal is fed to the primary of
i-f transformer T28. The signal is coupled in-
ductively to the secondary of transformer T28,
and then goes to the grid of the 1st 455-ke i-f
amplifier (V9) through coupling capacitor C148.
Capacitor C148 prevents the age voltage which is
fed to the grid of tube V9 through resistor R51
from being shorted to ground through the sec-
ondary of transformer T28. Capacitor C147
resonates the primary of transformer T28 to
455 ke, and capacitor C149 resonates the second-
ary to 455 ke. Both of these capacitors are fixed;
the tuning adjustments are the powdered-iron
cores inside the transformer ('1'28). Since both the
primary and secondary of transformer T28 are
tuned, a high degree of selectivity can be obtained.

¢. The tapped tertiary winding 148 (fig. 21)
can be put in series with the primary of trans-
former T28 by means of switch SI SECT. 1.
This arrangement provides variable selectivity.
There are six positions of switch 81 SECT. 1,
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four of which have no effect on the Ist 455-ke i-f
amplifier. In these four positions tertiary winding
148 is out of the circuit. In the fifth position of
S1 SECT. 1, however, a part of 148 is in series
with 146, the main portion of the primary, and
in the sixth position, entire winding 148 is in the
primary circuit. Physically, 148 consists of
only a few turns of wire located very close to the
secondary of T28. The inductance of 148 is so
small that it does not appreciably change the
tuning of the primary when switched into the
circuit, but it greatly increases the coupling be-
tween the primary and secondary and conse-
quently, increases the band width. The action of
81 SECT. 1 is as follows: The first three positions
are for three degrees of crystal selectivity (par.
51b). The 1st 455-ke i-f amplifier circuit is the
same for these three positions as for the fourth,
which is the NORMAL SHARP position. The
band width of the receiver in this position is
about 3.25 ke, The fifth position of 81 SECT. 1
is the NORMAL MEDIUM position, and the
band width is about 8.25 ke. In this position, a
part of 148 is in the primary circuit. Damping
resistor R49 also is in the primary cireuit and pre-
vents double peaks in the selectivity curve. The
sixth position of S1 SECT. 1 is the NORMAL
BROAD position, and the band width is about
14 keo  All of 148 is in the primary circuit, and
damping resistor R30 prevents double peaks in the
selectivity curve.

d. Since the primary of transformer T28 is
connected to the plate of either tube V3 or V7,
depending on which band is being used, the low
side must return to --B. This return s made
through resistor R48, which with capacitor C146,
forms a filter preventing signals in the plate cir-
cuit of tube V9 from getting into other circuits
of the receiver. R56 is the screen voltage-dropping
resistor for tube V9, and capacitor C150 bypasses
the screen to ground at 455 ke.  No screen voltage
is furnished when switch S6 is in the SEND
position.

e. The cathode of tube V9 goes to ground
through a resistor selected by switeh 81 SECT. 2.
Note that for the three crystal positions of switch
S1 SECT. 2 resistor R52 is used. Resistor R53 is
used in the NORMAL SHARP position, resistor
R54 is used in the NORMAL MEDIUM position,
and resistor R55 is used in the NORMAL BROAD
position. This arrangement is made to compensate
for the change in i-f amplifier gain which occurs
when the coupling of the if transformers is

changed. 1t also compensates for the difference
in the audio signal out of the receiver; due.to the
change in band width. Capacitor C151 effec-
tively grounds the cathode at 455 ke.

f. The output of tube V9 goes to the primary
of the second 455-ke i-f transformer (T29) which
is resonated by capacitor C153. Alinement of
transformer T29 is made by means of adjustable
powdered-iron cores. - Transformer T29 has a
tapped bandwidth expansion winding 151, which
is switched in or out of this primary circuit in the
same way as coil 148 in transformer T28. Damp-
ing resistors R58 and R59 are used to prevent
double peaks in the selectivity curve of T29.
The primary of transformer T29 returns to +B
through resistor R57, which, with capacitor C152,
forms a filter to prevent signals in the plate cir-
cuit of tube V9 from getting into other circuits
through the +B lead.

50. 2d 455-k¢ I-f Amplifier V10 .

a. The 2d 455-ke i-f amplifier is shown in fig-
ure 21. The signal is coupled inductively from
the primary of transformer T29 to the secondary
which is tuned to 455 ke by capacitor C155.
From the secondary of transformer T29, the sig-
nal goes through coupling capacitor C154 to the
grid of the 2d 455-kc i-f amplifier tube (V10).
Capacitor C154 prevents the age voltage (which
is fed to the grid of tube V10 through resistor
R60) from being shorted to ground through the
secondary winding of transformer T29. R61 is
the cathode resistor for tube V10. It prevents
the cathode current from exceeding safe limits
when there is no age voltage on the grid. Ca-
pacitor C156 is the cathode r-f bypass at inter-
mediate frequencies. R62 is the screen voltage-
dropping resistor for tube V10 which limits the
screen current to a safe value, and C157 is the
sereen bypass capacitor.

b. The output of tube V10 goes to the primary
of the 3d 455-ke i-f transformer (T30). This
primary circuit is the same as the primary cir-
cuits for transformers T28 and T29. It is reso-
nated to 455 ke by capacitor €159, and has the
tapped expansion winding L:54 which is controlled
by switch S1 SECT 4. R64 and R65 are damping |
resistors which prevent double peaks in the
selectivity curve. The primary of transformer
T30 returns to --B through resistor R63, which
with capacitor C158, forms a filter to prevent
signals in the plate circuit of tube V10 from get-
ting into other cireuits through the +B lead.
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Figure 22. Radio Receiver R—274{FRR, functional diagram of 3d 455-kc i-f stage and crystal filter.

51. 3d 455-kec |-f Amplifier V11

a. General.

(1) The 3d 455-ke i-f amplifier cireuit is
shown in figure 22. R66 is shown as
the grid leak resistor for tube V11. Re-
sistor R67 is the cathode resistor which
keeps the total cathode current within
safe limits and develops the bias under
which the tube operates. Capacitor
(0167 is the cathode bypass which effec-
tively grounds the cathode at intermedi-
ate frequencies. R68 is the sereen volt-
age-dropping resistor, and capacitor (168
effectively grounds the screen of tube
V11 at intermediate frequencies. The
output of tube V11 goes to primary
L55 of the 4th 455-ke if transformer
T31. This primary circult is resonated
by capacitor C169. 1t is returned to
+B through resistor R69, which with
capacitor (174, forms a filter which
prevents the signal in the plate cireuit
of tube V11 from getting into other
circuits of the receiver.

(2) The signal in the primary of transformer
T30 is coupled inductively to the sec-
ondary which is resonated to 455 ke by
capacitor C160. Note that this second-

ary (L53) is different from the secondary
cireuits for the preceding i-f transformers
in that it is tapped, and the tap is con-
nected to ground. This arrangement is
used because this secondary drives the
crystat filter when the latter is being
used. The action of these circuits can
be described best by considering the
conditions when the crystal filter is in
in use, and the normal or noncrystai
mode of operation.

b. Crystal Operation. Switch S1 SECT. 5 and
SECT. 6 (fig. 22) determine whether the operation
includes or bypasses the 455-ke filter crystal:
The total voltage across the secondary (L.53) of
transformer T30 can be thought of as two separate
voltages. The first is the voltage from ground to
the top portion of 1:53. This voltage sends i
current through capacitor C161, “through’ the
parallel combination of resistor R66 and the input
capacities of tubes V11 and V15, and back:to
ground. The second voltage is that from ground
to the lower end of L.53. This voltage sends a
signal through crystal Y8 through R66 in parallel
with the input capacities of tubes V11 and V15,
and back to ground. At signal frequencies dif-
ferent from its series resonant frequeney, crystal
Y8 acts like a pure capacity. Therefore, since the
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two secondary voltages (in L33) are opposite in
phase, the two currents through resistor R66 tend
to cancel each other. In fact, when the phasing
capacitor (CRYSTAL PHASING) C161, 1s
adjusted accurately, these currents do cancel, and
the voltage at the grids of tubes V11 and V15 is
zero. Near series resonance, crystal Y8 does not
behave like a high capacitive reactance but rather
like a relatively low resistance. Therefore, the
two currents will have asmaller phase difference
as well as a considerable difference in amplitude,
and some signal voltage will be developed in the
input circuits of tubes V11 and V15. Because its
@ is high, the losses in crystal Y8 are very small
and therefore, the frequency range over which the
voltage unbalance oceurs is quite small. This is
the reason for the high degree of selectivity of a
crystal filter. To some extent, the equivalent
resistance in the secondary cireuit of transformer
T30 affects the operation of the erystal filter.
When this resistance is high (as it is when induet-
ance 153 and capacitor C160 are exactly resonant
at the series resonant freguency of erystal Y8), the
selectivity curve is broadened, because the effec-
tive circuit @ is lowered. The bandwidth of the
crystal filter circuit can be varied by the degree of
mistuning of the secondary cireuit of transformer
T30. This is done to vary the bandwidth from
200 cyeles to 500 cycles to 1,500 cycles as the
selectivity switch is changed from CRYSTAL
SHARP to CRYSTAL MEDIUM to CRYSTAL
BROAD. When selectivity switch 81 SECT. 51s
in the CRYSTAL SHARP position (fig. 22), capac-
itor (J162 is across part of the secondary of trans-
former T30, Tt is adjusted so that the secondary
is mistuned just enough that the bandwidth is 200
¢ps. In the CRYSTAL MEDIUM position,
capacitor C163 is in the circuit, adjusted to a
different capacity, and the bandwidth is 500 cps.
In the CRYSTAL BROAD position, capacitor
(164 is in the cireuit, and the mistuning of the
secondary of T30 is very slight, therefore, the
bandwidth is 1,500 eps.  In actual operation of
the receiver, the phasing control (capacitor C161)
can be adjusted to give a high degree of rejection
at a frequency slightly different from that at
which maximum response occurs. Furthermore,
the exact frequency at which this rejection oceurs
can be varied. 'This characteristic can be used
to reject an undesirable signal which is at a
frequency close to the frequency of the desired
signal.

¢. Normal {(Nonerystal) Operation. The simph-

222926 052 —d

drives tube V15,

fied equivalent of the 3d 455-ke f amphficr cir-
cuit {erystal filter), together with SECTS. 5 and
§ of 81, when the selectivity switch is in NOR-
MAL SHARP position, can be pictured by con-
sidering all the sections of switch S1 to be placed
in position 4 (NORMAL SHARP) (fig. 22). The
voltage in the lower part of L33 is sent to the
orid of tube V11 through capacitor C166. Ca-
pacitor C166 has a low value (6 uuf (micromicro-
farad)) so that the gain under noncrystal condi-
tions will be in the proper proportion to the gain
under erystal operation. Capacitor C165 replaces
variable capacitors €162, 163, and C164 which
were in the cireuit for erystal operation.

52. I-F Qutput

a. The simplified cireuit diagram of the i-T out-
put ecircuit is shown in figure 23. This cweuit
provides sufficient power at 455 ke to operate
auxiliary devices such as radioteletype equipment.
The i-f output circuit is designed to provide an
approximate .25-volt output across a 70-ohm load
with 2 uv r-f input signal.  This circuit also feeds
a signal through C171 to the age diode (1/2 of V13).
The amplitude of this signal depends on the
amplitude of the carrier signal fed into the re-
ceiver at the antenna.

b. As seen in fizure 23, the grid of the 455-ke
i-f output tube, V15, is connected in parallel with
the grid of the 3d 455-ke i-f amplifier tube V11.
Thus, the same signal which drives tube V11 also
The output of tube V15 goes
to the primary of transformer T32 which is reso-
nated to 455 ke by eapacitor €180, The secondary
coil of transformer T32 is of the low-impedanee
type, that is, it consists of only a few turns, and
it isnot tuned. The output of this low-impedance
secondary coil is connected to i-f output jack J2.

¢. The low side of the primary of transformer
T32 and the screen of tube V15 are connected to
+B through resistor R75, which, with capaeitor
€179, form a filter which prevents signals in the
plate and sereen circuits of tube V15 from getting
into other circuits of :the receiver through the
4B lead. R74 is the cathode bias resistor of
tube V15. (178 is the cathode bypass capacitor
which effectively grounds the cathode at mter-
mediate frequencies.

d. The tuned primary of transformer T32 adds
very little to the selectivity of the system. This
means that any signal which gets into the grid
of tube V15 is available at output jack J2.
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Figure 23. Radio Receiver R—274/FRR, functional diagram of i-f output stage.
53. Audio Detector paths also varies with modulation. Capacitors

The simplified circuit diagram for the audio
detector is shown in figure 24. It is a standard
diode detector circuit which uses % of tube V12
(6AL5) for the diode. The signal in the primary
of the 4th 455-ke i-f transformer (T31) is coupled
inductively to the secondary which 1s resonated
to 455 ke by capacitor C170. This voltage is
impressed on the plate of the audio detector (% of
V12) and when this plate is driven positive with
respect to the cathode, current flows through re-
sistors R72, R70, and R107. No cwrent flows
during the negative half of the alternating voltage
swing. The current through this path is a pul-
sating unidirectional flow. Capacitors C172 and
(173 store up electrical energy during the passage
of current and release it between pulses so that
the actual current through the resistors is very
nearly a smooth, direct current. Since the ampli-
tude of the voltage impressed on the audio detec-
tor (% of V12) varies with veice modulation, the
amplitude of current pulses through the resistance

42

C172 and C173 are small; therefore, energy is not
stored over the long periods of time required by
the a-m frequencies, which are all much lower than
the intermediate frequency. Therefore, the cur-
rent through resistor R107 is direct current in
nature (negative with respect to ground), and
varying in magnitude according to the audio mod-
ulation. If the current through this resistor varies
with modulation, then the voltage across it also
must vary in the same way. This audio voltage
is coupled through capacitor C176 and developed
across resistor R108. The a-f voltage across re-
sistor R108 may be coupled directly through
coupling capacitor C200 to the input of the Ist
a-f amplifier (V186), or it may have to pass through
the automatic noise limiter (the second half of
tube V12) before reaching the input to the audio
amplifier. Switch 33, in the OFF position, sends
the audio signal directly to the audio amplifier or,
in the ANL position, sends the signal through the
ANL (automatic noise limiter) before it goes to
the audio amplifier.
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Figure 24. Radio Receiver R-27 4/FRR, functional diagram of the audio detector and anl stages.

54. Avutomatic Noise Limiter

" The simplified ANL circuit diagram is shown
in figure 24. When the ANL-OFF switch (S3) is
in the ANL position, the audio signal must pass
through the ANL diode (% of tube V12) before it
can reach the audio amplifier. The cathode of
this diode is tied to the junction of resistors R72
and R70 in the audio detector circuit through
series resistors R73 and R71. Resistors R71 and
R73, together with capacitor C175, form a filter
network to provide a smoothed-out negative d-c
voltage to the cathode of the ANL which varies
with the average level of the a-f signal. The
audio voltage developed across resistor R108 is
applied to the plate of the ANL when no noise is
present. This audio voltage always will be posi-
tive with respect to the reference voltage at the
cathode of the diode, and the signal will be coupled
through to the audio amplifier input. Noise, due
to static interference, will result in sharp peaks of
negative voltage across resistors R107 and R108.
Because of the time constant in the ANL cathode
circuit, these pulses will not reach the cathode.
When the noise pulse tends to feed through the

audio circuit, the diode plate of the ANL tube (%
of V12) will be more negative than its cathode,
and the noise pulse will be blocked before it
reaches the audio amplifier.

55. Beat-Frequency Oscillator
(fig. 25)

a. For the reception of ¢-w signals, it is necessary
to have a bfo. In this receiver, the bfo operatgs
near 455 ke and is coupled directly to the audio
detector input. The simplified schematic of the
bio circuit is shown in figure 25.

b. Tt can be seen in figure 25 that the bfo tube
(V14) is connected in a Hartley type oscillator
with the cathode connected to a tap on the oscil-
lator transformer (T33). R76 is the grid resistor
which permits bias to be developed on the grid,;
and capacitor C184 is the means of coupling the
grid to the high side of the oscillator transformer
(T33). The oscillator transformer is resonated
to 455 ke by capacitor C185 which has a fairly
high value (680 puf) so that the circuit will have
good frequency stability. Capacitor C177 has 8
negative temperature coefficient so that the
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freguency of the oscillator will not change as the
peceiver warims up or as the am?mln t temperature
changes.  Capacitor C183 i« the BFO PITCH
control by which the frequency {)i the bfo can be
varied above or Capacitor U182
limits the ability of C183 to change the oscillator
frequency, and its value of 180 upuf was chosen
so that €183 would change the frequency by plus
or minus 3.5 ke of 455 ke

_The sereen grid of Vidis the effective plate
of the Hartley  oscillator cirent,
Sinee both cathode
the plat

below 455 ke

tube in the
the grid and the are above

ground, can be grounded so far as the
pseillator frequeney is concerned.

by sereen bypass (187,
voltage-dropping resistor R78 is of such =
that the amplitude of oscillation will be right for

diode detector

This s done

capacitor Sereen grid

value
optimum mixing in the audio
(5 0f V12) cireutt.

4. The output of the bio s electron-coupled to
the plate eireuit of tube V14, where the voltage
is developed across the parallel combination of
£ choke L60 and capacitor C189 which are
broadly resonant to 455 ke, This ()ilf}}lli voltage
is coupled by eapacitor C181 to the plate (pin 2)
of ‘the signal audio diode detector (% of V12)
where it is mixed with the e-w signal to give an
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FRE, functional diagran. bfo stage,

audio note. The small value of capacitor C181.
plus the fact that the bfo eireuit is of the electron-
coupled type, results in a minimum of pulling of
the bfo by strong signals.

The low side of L60 is conneeted to —B
through resistor R79. which with capacitor 188
form a flter the bio signal from
vetting into other eircnits of the receiver.  The
CWATODULATION switeh S5 also is in this
sereen and plate return so that the bfo can be
switched off durine reception of a-m signals.

- f. Sometimes, it 1s desirable to adjust the ampli-
tude 1o ihe bio oulput 1o give apmmim mixing in
the audio detector cireuit. This is done by
means of the BEO INJ control (R82) on the rear
of the chinssis This adjustment varies the amount
of negative bias applied to the suppressor of tube
114 and thus, effectively varies the degree of
electron coupling between the beat-frequency
oscillator and its output cireuit, permitting an
approximate ten-to-one variation of bfo injection
to the audio detector. A filter composed of re-
sistor R77 and capacitors C186A and €213 is used
to eliminate any tendency for hum to be ntroduced
into the suppressor of tube V14, The suppressor
of V14 is bypassed to ground at the bio frequency
by capacitors €213 and CI86A.

which prevents

sy




56. Automatic Gain Control
(fig. 26)

. The automatic gain control operates in con-
junction with the r-f gain control to provide s
negative bias voltage for tubes V1, V2, V9, and
V10, to control the over-all amplification of the
receiver. When switch 84 (AGC-MANUAL) is
in the MANUAL position, the RF GAIN-AC
control (R83) acts alone to provide this bias.
When switch 84 is in the AGC position, strong
incoming signals will work through the age tube
(V13) to iacrease the bias beyond the amount
selected by the manual RF GAIN-AC control
(R83) and reduce amplification so that the a-f
output will remain fairly constant for a variety of
input signal strengths,

b. For a simplified schematic diagram of the
bias voltage source with switch S4 set in the
MANUAL position, refer to figure 26A. A reg-
ulated + 105-volt source connects to resistor R84,
Resistors R84, R86, R87, and R&88 in series, form
a voltage divider network to ground which results
in ecreating a steady < 10-volt value at the junc-
tion of resistors B84 and R86. Another network,
using resistors R89 and K91 in series, connects
the -F10-volt junction to the slider arm on RF
GAIN-AC control R83. When the RF GAIN-AC
is turned fully clockwise, the tap is at the grounded
end of resistor R83, and when the control is turned
as far as possible counterclockwise (without turn-
ing off the a-c power), the tap is at the —18-volt
d-¢ end of resistor R83. There is a 6-volt drop
across resistor R111. (195 is a 1 bypass capac-
itor. The bias voltage output lead is connected
to the movable tap on RF GAIN-AC control
R&83. Capacitors C58 and C186B smooth out the
action of the RF GAIN-AC contrel. The voltage
appearing as bias for tubes V1, V2, V9, and V10
is the same as that appearing at the movable tap
of RF GAIN-AC control R83.

c. For a simplified schematic showing the bias
voltage source with switch 54 set in the AGC
position, refer to figure 26B. The bleeder net-
work, consisting of resistors R84, R86, R87, and
RS88. from -~ 105 volts regulated to ground, acts
the same as explained in b above, with 410 volts
direct current appearing at the junction of resistors
R84 and R86. The second voltage network, using
resistors R89 and R91 also is connected as
explained in & above, except that an age {(delay)
diode (4 of V13) is in series. The i-f signal at the

plate of the tube (V15) is coupled through capaci-

tor C171 to the age diode plate (pin 7). The
amplitude of this signal will be indicative of the
input signal voltage to the 1st r-f amplifier (V1).
The age tube (% of V13) is in parallel with resistor
R89, which acts as the diode load. This circuit
shifts the voltage appearing at the junction of
resistors R89 and B91 in a mnegative direction.
The larger the signal becomes, the greater the
negative voltage will be. The voltage tapped on
the RF GAIN-AC control (R83) is connected to
the cathode of the age (delay) tube (g of V13).
As long as the voltage at the junction of resistors
189 and R91 is more positive than the voltage at
the cathode of the diode, the diode will conduct
and will cause the voltage appearing at its plate
to be the same as the voltage tapped on the RF
GAIN-AC control (B83). This voltage is con-
nected to the bias voltage output. As soon as the
negative voltage developed at the junction of
resistors R&9 and R91 is the same as that tapped
on the RF GAIN-AC control (B83), all current
stops flowing through the age (delay) tube (J of
V13), and any greater negative voltage developed
at the junction of resistors B89 and R91 will be
connected through resistor R91 to the bias voltage
output. Since the plate voltage on the age {delay)
diode (% of V13) is more negative than its cathode
voltage, it will be cut off until signal strength is
reduced. The values of resistor R91 and capaci-
tors C58 and C197, which form a filter, prevent
sudden changes in the automatic bias developed.
For c-w operation, switch 85 connects capacitors
(198 and C199 into the filter to increase the time
constant and reduce any tendency to change the
bias during periods of silence (spaces) betweern
transmission times for this type of reception.

d. When switch 34 is set in the AGC position
(fig. 26B), the CARRIER LEVEL meter is con-
nected between the junction of resistors B89 and
R91 and a tap on the METER ZERO potentiom-
eter (R87). As the stronger signals are tuned,
s corresponding change of voltage at the junction
of resistors B89 and RY1 ,changes the voliage
applied to the meter circuit and, therefore, the
current through it

57. Carrier Level Meter
(fig. 26B)

a. The carrier level meter (M1} is 2 30 micro-
ammeter with its scale marked in decibels. It
shows the relative strength of the signal tuned
by the receiver. It also may be used as a tuning
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meter if each incoming signal is tuned for maxi-
mum deflection of meter M1. Switch 5S4 must be
in the AGC position for the meter to operate.

b. With a 2- to 3-uv input from the antenna to
the antenna terminals, the voltages applied at the
two ends of the meter circuit will be identical and
no current will flow through the meter (M1). For
adjustment instructions, refer to paragraph &87.
When a stronger signal is tuned, the voltage at the
junction of resistors R89 and -R91 becomes more
negative than the voltage at the tap on the
METER ZERO potentiometer (R87), and a eur-
rent will flow through the meter circuit. Resistor
R112, in series with meter M1, limits the maximum
flow of current to a safe value. The combination
of resistor R112, in series and resistor R113, which
1s in parallel with meter M1, regulate the quantity
of current which flows through the meter with
respect to the voltage applied to the circuit.

¢. Under normal conditions, with no tuned sig-
nal input to the 1st r-f amplifier, the voltage at the
junction of resistors R89 and R91 will be a little
more positive than the voltage tapped on METER
ZERO potentiometer R87, and a small amount of
current will flow through meter M1 in the diree-
tion opposite to normal, and the meter needle will
deflect to the left-hand side of the scale. No
damage will result since the {oree is very slight.

58. 1st A-f Amplifier

a. The 1st a-f amplifier (V16) 18 a resistance-
coupled triode type 8AT6 tube, in which the diode

plates are grounded and not used. The simplified
circuit diagram is given in figure 27.

b. The audio signal from the diode detector and
anl circuits is fed to the high side of the AUDIO
GAIN control (R94) through coupling capacitor
200 which blocks off the d-¢ voltage from the
anl load. A part of this audio voltage, depending
on the setting of the AUDIO GAIN control, is
sent to the grid of tube V16 where 1t is amplified.
The output voltage appears across resistors R96
and R117 in the plate circuit of tube V16. Capac-
itor 196 improves the frequency response of the
audio amplifier.  The plate circuit is connected to
-+B through resistor R97. Capacitors C194A
and C194B form a filter, with the aid of resistor
R97, to prevent any audio frequencies from enter-
ing the power supply circuits.

¢. R95 is the cathode resistor for tube V16 and
provides the proper d-c¢ bias between grid and
cathode so that a minimum of audio distortion
will be introduced by tube V16. Capacitor C202
is a bypass across R85 so that the cathode of
V16 will be at ground potential insofar as the
signal frequencies are concerned.

d. The receiver is provided with 2 terminals
(AUDIO IN) so that external audio signals can be
introduced to the audio section of the receiver and
be amplified. One of these terminals is connected
to the chassis, and the other is connected to the
high side of the AUDIO GAIN control through
coupling capacitor C201 which prevents d-c volt-
ages from being impressed on the grid of tube
V186,
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Figure 27, Radio Receiver R-274/FRR, funciional diagram of the audio stages.
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Figure 28. Radio Receiver R~274/FRR, functional diagram of the power supply.

59. Audio Output Amplifier

«. The a-f amplifier (V17) is capable of pro-
viding two watts of undistorted audio output.
The simplified circuit is shown in figure 27.

b. The audio signal from tube V16 is fed to the
grid of tube V17 through coupling capacitor C203
which prevents the d-c plate voltage of V16 from
appearing on the grid of V17, Resistor R98 is the
grid return of V17.  Capacitor C4 is an r-f bypass,
used to short out any spurious r-f voltages. The
audio signal on the grid of V17 is amplified and
goes to the primary of the audio output trans-
former T35 which has three secondary windings.
Two of the secondary windings on T35 are
150-chm windings and are connected to the audio
output terminal board at the rear of the receiver.
A ground terminal 3 also is provided. With this
arrangement, a 600-ohm output load, either
balanced or unbalanced, can be matched. Also,
since the two secondaries constituting the 600-ohm
output eircuit are individually wired to the audio
outpit terminal board (E4), a d-c control system
can be connected to the output circuit without
causing any interference with the a-f output.

¢. The third output winding on transformer T35
is connected to PHONES jack J3 on the front
panel, through a 2,200-ohm resistor R100. This
circuit is designed so that phones or either high or

48

low impedance can be plugged into PHONES jack
(J3) without changing the power output to the
800-ohm load. * If 43 is short-circuited, the output
power to the 600-ohm load is reduced by less than
1 db.

d. R99 is the cathode resistor for Tube V17 and
provides the proper bias between grid and cathode
for minimum audio distortion. It also limits the
plate and screen currents to safe values. Capaci-
tor (204 is the cathode bypass which effectively
grounds the cathode of V17 insofar as a-f signals
are coneerned.  Capacitor 0205 suppresses spur-
ious oscillationsin V17. Sinee V17 (JAN 6Y6G)
is 8 beam-power amplifier, such oscillations might
occur if the screen were not bypassed directly to
the cathode. The screen grid of tube V17 is con-
nected directly to B, and the plate is connected
to - B through the primary winding of transformer
T35. Capacitor C120 improves the frequency
respotise of the audio output.

60. Power Supply

a. The power supply provides d-c plate and
bias voltages and a-c heater voltage to all the cir-
cuits previously described. The simplified circuit
is shown in figure 28.

b. Power for Radio Receiver R-274/FRR is
brought in through power socket P1, which is

.




Lol

0

connected m parallel with AC OUT receptacle J4.
One side of Pl is connccted to the common ter-
minal of the power transformer T34; the other
side goes through the power RF GAIN-AC switch
57, on the RF GAIN-AC control (R83), then
through the 2-ampere fuse (F1) to the proper tap
on the power transformer (T34) primary. The
taps are connected to binding posts on the base of
transformer T34. These binding posts are located
under the chassis and are identified with the fol-
lowing markings: 260, 234, 210, 190, 130, 115, 105,
and 95.  Determine the value of a-c power voltage
and connect the flexible lead to the binding post
marked with the value which most nearly approx-
imates the value of input voltage. The trans:
former ('I'34) is designed for operation at 50 or 60
eycles. €190 and C191 are filter capacitors which
prevent unwanted r-f signals from getting into
the receiver through the power supply.

¢. The h-v thigh-voltage), center tapped second-
ary of transformer T34 is connected to the two
plates of power rectifier V18 (5U4G). The rec-
tifier filament is connected to the 5-volt rectifier
filament winding. of T34. The center tap of the
h-v secondary of T34 is connected to ground
through the paralleled resistors R81, R82, R111,
R83, and R35, so that approximately —24 volts
direct current appears between the high side of
these resistors and ground. One side of the fila-
mentary cathode of tube V18 is connected through
filter choke 161 to the various B-- load circuits.
Capacitors C192A and C192B filter out the a-c
ripple voltage across the entire B+ rectifier sys-
tem, and capacitor C193 further reduces the ripple
or hum voltage from B+ to ground. Capacitor
C194A assists in the filtering of the B+ lead,
since electrolytics are inefficient at higher frequen-
cies.  Capacitor ('195 filters the ripple across the
bias voltage resistors R81, R82, R111, R83, and
R35. Since it is desirable to stabilize (against
normal power source voltage fluctuations) the
voltage on the variable frequency oscillator plate,
the 1st mixer screen, the bfo screen and plate, and
the CARRIER LEVEL meter circuits, a voltage
regulator, V19 (OC3, VR105) is included in the
power supply. This is connected to +B through
the parallel combination of R101 and R102, each
of which is a 7-watt, 110-volt lamp. If one should
fail, the other will permit operation of the receiver
until a replacement can be obtained. In order to
desensitize the receiver under some operating con-

ditions, switeh 56 (SEND-RECEIVE)-has been
incorporated in the +B lead to the scroens of
tubes VI, V2, V6, and V8. This permits the re:
ceiver to be desensitized without stopping the os-
cillators.  The SEXD REC terminal board (E2)
which is connected in parallel with S6°can be used
to desensitize the receiver from a remote position.
Set switch 36 to the SEND position before using
a remote control switch.

d. The negative 24 volts across: the parallel
combination of resistors-R81; R82; R111; R83; and
R35 is used for three purposes. -First, by means
of the RF GAIN-AC control, R83; any desired
portion of this voltage to —18 volts can be im-
pressed on the grids of the r-f and i-f amplifier
tubes through the age and bias voltage: lead,;
thereby, controlling the gain of the. receiver:
Secondly, by means of the BFO INJ control (R827;
any desired portion of the —24 volts can be im-
pressed on the suppressor grid of the bfo tube (V14)
through resistor R77. This acts asa bias to regu=
late the degree of electron coupling to the plate of
the bfo tube, regulatinig the amplitude of bio signal
to the plate of the audio diode detector. The
third use for —24 volts is to provide cut-off bias
to the 6.455=mc oscillator (V&) when the turret
switeh is set in BAND I, 1, or 111, or actuating
voltage for relay K1 when the turrét switeh is set
in BAND 1V, V, or VL.

¢. The heater circuits of tubes V1, V2, V5, V6,
V7,V8, Vo, V10, V11, V13, V14, V15, and V17 are
connected directly to the 6.3=volt winding of the
power transformer, T34. Tubes V12 and V16 are
important from the standpoint of hum in the audio
amplifier. Hum can be reduced by reducing the
heater voltage of a tube. Therefore, the voltage
on the heaters of V12 and V16 is reduced by resis-
tor R105 to approximately 5.5 volts. . The heater
voltags regulation of the vio tubeé (V4) and on the
1st mixer tube (V3) has an important bearing on
the frequency stability of the receiver and must be
maintained without reflecting any. line. voltage
variations. Therefore, these two heaters are con-
nected to a separate 12-volt- winding in T34
through regulating rvesistor R80. This resistor
drops the heater voltage on V3 and V4 to 6.3 volts;
and, in addition, maintains a nearly constant cur-
rent through these tubes regardless of line voltage
fluctuations. The two pilot lights (E5-and E6)
are conneected directly to the 6.3-volt winding on
the power transformer (T34).
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61. Control Circuits

Terminal board K2, with connections which
parallel the SEND-RECEIVE switch (S6), may be
used to connect a switch at a remote position to
activate or desensitize the receiver. The remote
switch should be a SPST switch. It should be
insulated from ground because of the power supply
voltage furnished through the switch for screen
grid voltage on tubes V1, V2, V6, and V9. When
the switch is closed, the voltage is applied to the
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screen grid circuits and the receiver is activated.
This corresponds to the RECEIVE position of
switch 56.  When the remote switch is open, the
screen grids receive no voltage and the receiver is
desensitized without stopping the oscillators.  This
corresponds to the SEND position of switeh 'S6.
Note that switch S6 must be in the SEND position
before the remote switch has any control on ecircuit
operation. Note also, that the remote switch must
be open before switch S6 has control of circuit
operation.
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CHAPTER 5
FIELD MAINTENANCE INSTRUCTIONS

Section |. TROUBLE SHOOTING AT FIELD MAINTENANCE LEVEL

Note. This chapter contains information for field mainte-
nance. The amount of repair that ¢an be performed by
units having field maintenance responsibility is limited
only by the tools and test equipment available and by the
skill of the repairman.

Warning: There are certain points in the radio
receiver that operate at voltages above 250 volts.
These points are located in the vicinity of the
power supply section and should not be touched
while power is applied to the receiver. Be careful
when handling or testing any part of the receiver
while it is connected to the power source.

62. Trouble-Shooting Procedures

a. General. The first step in servicing a defective
radio receiver is to sectionalize the fault. Section-
alization means tracing the fault to the major
component or circuit responsible for the abnormal
operation of the receiver. The second step is to
localize the fault. Localization means tracing the
fault to the defective part responsible for the abnor-
mal condition. Some faults such as burned-out re-
sistors, arcing, and shorted transformers can often
be located by sight, smell, and hearing. The
majority of faults, however, must be localized by
checking voltages and resistances.

b. Component Sectionalization and Localization.
A group of tests are listed below which are arranged
to simplify and reduce unnecessary work in tracing
4 trouble to a specific component. The easy tests
_ are used first; those that follow are more complex.
Follow the sequence given. Remember that servic-
_ing procedure should cause no further damage to
the receiver. In general, the trouble is traced to a
ection of the receiver; then the bad component in
hat section is located and the trouble remedied.
& service procedure is summarized as follows:
(1) ’ffisual nspection. . The purpose of visual
inspection (par. 35) is to locate any visible
trouble. Through inspection alone, the
repairman may frequently discover the
trouble or determine the stage in which

2)

3)

4)

the trouble exists. This inspection is val-
uablein forestalling future failures and in
avoiding additional damage to the re-
ceiver which might oceur through im-
proper servicing methods.
Input resistance measurements. These
measurements (par. 66) prevent further
damage to the receiver from possible
short circuits. Since this test gives an
indication of the condition of the filter
ircuits, its function is more than pre-
ventive.
Operational test. The operational test
(par. 68) is important, because it fre-
quently indicates the general location of
trouble. In many instances, the in-
formation gained will determine the
exact nature of the fault. In order to
utilize this information fully, all symp-
toms must be interpreted in relation to
one another.
Trouble-shooting  chart. The  trouble
symptoms listed in this chart (par. 69)
will aid greatly in localizing trouble.
Signal substitution. The principal ad-
vantage of the signal substitution method
(pars. 72 through 75) is that it usually
enables the repairman to localize a
trouble accurately and quickly to a given
stage when the location is not imme-
diately evident from the above tests.
Stage gain charts. These charts (par.
76) can be used to localize obscure, hard-
to-find troubles
Intermittents. In all these tests, the
possibility of intermittents should not.
be overlooked. If present, this type of
trouble often may be made to appear by
tapping or jarring the receiver. It is
possible that some external connection
may cause the intermittent trouble.
Test whatever can be tested in this case.
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63. Trouble-Shooting Data

Take advantage of the material supplied in
this manual. It will help in the rapid location of

faults. Consult the following trouble-shooting
data:
Fig, No. Title

5 1 Radio Receiver B-274/FRR, tube location.

31 ¢ Radio Receiver R-274/FRR, chassis, top view.
32 1 Radio Receiver BR-274/FRR, r-f chassis, bottom
view. i

33 | Radio Receiver R-274/FRR; i-f and audio chassis,
bottom view,

34 Radio Receiver R-274/FRR, 2d mixer and 6.455-
me oscillator chassis, bottom view.

35 | Radio Receiver R-274/FRR, voltage and resist-
ance measurements,

37 | I switch-over relay connections.

43 | Radio Receiver R-274/FRR, schematic diagram.

64. Test Equipment Required for Trouble Shoot-
ing
The test equipment required for trouble shooting
Radio Receiver R-274/FRR is listed below. The
technical manuals associated with the test equip-
ment are also listed.

Test pquipment Publieation

Signal  Generator AN/URM-25
(range 10 ke to 50 me).
signal Generator TS-497A/URR
(ravge 2 to 400 me).
Audio Oseillator TS-3824/U ... . TO 16-35T8382-2
Tube Testers 1-177 and I-177-A. . TAL.11=2627
Frequency Meter Set SCR-211- T3 11-300
{(*3 (range 123 ke to 20 me).
Frequeney  Meter  TS-174B/U
{range 20 to 280 mc).

Navships 91379

CTAL 11-3030

TA 115044

- TAM 1125511
Navships 91269
TH 1155327
TM 11-5017

Electronic Multimeter TS-307

65. General Precautions

Observe the following precautions very carefully
whenever servicing the radio receiver:

a. Be careful when the bottom cover is removed;
dangerous voltages are exposed.

b. Use a cloth or tube puller when removing
tubes; otherwise the hand or fingers may be burned.

¢. When working on the top of the chassis, be
careful not to bend the tuning gang capacitor

plates; this could cause a short or a change of
alinement.

d. Do not overtighten screws going through or
threaded into plastic materials.  This might strip
the threads or produce cracks.

e. When changing a component that is held by
serews or nuts, alwayvs replace the lockwashers,

f. Careless replacement of parts often makes
new faults inevitable. Note the following points:

{1) Before a part is unsoldered, note the
position of the leads. If the part, such
as a transformer, has a number of con-
nections, tag each of the leads to it.

(2) Be careful not to damage other leads by
pulling or pushing them out of the way.

(3) Do not allow drops of solder to fall into
the veceiver, since they may cause short
circuits.

(4) A carelessly soldered connection may
create a new fault. It is very important
to make well-soldered joints, since a
poorly soldered joint is one of the most
difficult faults to find.

(5) When a part is replaced in r-f or i-f
circuits, it must be placed exactly as the
original one was. A part which has the
same electrical value but different physi-
cal size may cause trouble in h-f circuits.
Give particular “attention ©to proper
grounding when replacing a part. Use
the same ground as i the original wiring.
Failurve to observe these precauiions may
result i decreased gain or possibly
oscillation of the cireuit.

{6y Do uot disturb the adjustinent of METER
ZERO control R87 or any of the aline-
ment adjustments,

66. Checking B+ Circuits for Shorts

g Many times a short cireuit in the B+ line
cancdisable the entirve receiver; however, sometimes
just-one or a few stages will be affected. If the
veceiver 1s operated with a short eiveuit, other
components may become overheated due to the
nereased current flow; sooner or later they will
become defective. To check for these troubles
without the danger of causing more damage, a
resistance check should be made.  Figure 29 is a
simplified diagram of the B4 distribution through-
out the receiver. In it arve the paths which could
offer short civeuits. By using this diagram, in
conjunction with the voltage and resistance chart
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Figure 29. Radio Receiver R-274/FRR, + B voltage distribulion.
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