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introduction

A radio receiver is the other half of a communications network—
the first half, so to speak, is the radio transmitter. The two halves
are linked by radio waves that are radiated from the transmitting an-
tenna and intercepted by the receiving antenna.

Like transmitters, receivers are usually classified and taught as a
part of either airborne or ground equipment. In the airborne field, you
will become either an Electronic Communications Equipment Repair-
man or an Electronic Navigation Equipment Repairman. In ground
equipment maintenance, you will become either a Radio Repairman
or a Radio Technician.

This manual is designed to serve as a basic text in both fields, since
basic receiver theory applies equally well to both airborne and ground
receivers.

Once you have mastered the operation of the basic receiver circuits
presented in this manual, you will have little difficulty understanding
the operation of any receiver that you will be required to maintain
and service. Actually the only differences between receivers are fre-
quency range, arrangement of stages, types of tubes used in the various
stages, and the physical location of the various controls.
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CHAPTER

FUNDAMENTALS OF RADIO RECEPTION

The receiver has the job of completing the
communications cycle started by the trans-
mitter. It must intercept some of the RF
(radio frequency) energy radiated by the
transmitter separate the intelligence from
the RF and reproduce the intelligence as
energy in some meaningful form, such as
sound, light, or mechanical energy. What a re-
ceiver is, and how it performs its communica-
tion job, is discussed in the following pages.

GENERAL REQUIREMENTS OF RECEIVERS

Frequency Coverage

The frequency coverage of a receiver is the
range of RF which it can handle.

Consider frequency range from the point of
view of a receiver. Radiated frequencies may
range anywhere from 10 kc to above 30,000
mc. However, no practical receiver has yet
been constructed that will handle this entire
range successfully. This range constitutes too
big a chunk of frequencies. Even talking
about it clearly requires that it be divided

up a bit, as shown in the frequency spectrum
chart below.

Another kind of division is shown in the fre-
quency allocation chart on page 2. This is
based on the purpose for which the frequencies
are used. A receiver might handle a complete
band or only part of a band. At most, it
will handle only two or three bands. Thus,
the broadcast receiver has a frequency cover-
age of 550 ke to 1600 ke, a complete band,
while some receivers used in Air Force com-
munications have a frequency coverage of 225
mc to 399.9 mc, only part of a band.

Sensitivity

The sensitivity of a receiver is the measure
of its ability to intercept weak signals and
extract intelligence from them.

A receiver intercepts many radiations. These
radiations may originate from transmitters
operating anywhere within the radio frequency
spectrum. They may originate from trans-
mitters located anywhere in the world. They
may also originate from transmitters of wide-

RADIO FREQUENCY SPECTRUM

Frequency Band

KC MC
- }
|
10-30
30-300
300-3000
3000-30000 3-30
30000-300000 30-300
300000-3000000 300-3000

3000000-30000000 3000-30000

Designation Abbreviation
Very Low VLF
Low . LF
Medium MF
High HF
Very High VHF
Ultra High i UHF
Super High ' SHF
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FREQUENCY ALLOCATION

Frequency Wa\;ele:\g;h
Band | (in meters ) Uses

| Experimental
|

400 mc ’ 075

400 mc I
Government, Aircraft,
Police, Television
106 mc 2.83
108 mc
| | Frequency Modulation
88 mc 341
- ! — 'ﬁ
88 mc
Television
50 mc 6.82
50 me | Ship-to-Shore, Aircraft ,
Police , Foreign, Government,
1600 ke 187.5 Point-to-point, Experimental
1600 kc 1

Commercial broadcast

550 ke ! 54545

— | ! .
550 kc Government, Commercial,

| Maritime, Ship-to-Shore,

| Aircraft, Point-to-Point ,

| High Power Government,Transoceanic

20 ke | 15,000

ly varying power output. Thus, the RF radia-
tions intercepted by a receiver are of widely
varying signal strength. A highly sensitive
receiver does a good job of completing com-
munication, whether signals are weak or
strong.

Selectivity

Selectivity is the measure of a receiver’s
ability to intercept a desired signal and ex-
tract its intelligence to the exclusion of others.
From the point of view of a receiver, the RF
radiation that comes along is composed of a
hodgepodge of various frequencies and various
signal strengths. A highly selective receiver
must be able to concentrate on one signal
and reject all others, even those whose fre-
quencies are close to the frequency of the
desired signal.

Fidelity

While sensitivity and selectivity are the
measure of radio receivers’ ability to inter-
cept a weak signal and to extract the intelli-
gence from that signal to the exclusion of all
others, fidelity is the measure of receivers’
ability to reproduce the intelligence of the

signal. A receiver designed primarily for
entertainment requires a high degree of
fidelity. It must reproduce faithfully the
sounds and sights on which entertainment de-
pends  for example, the music of a symphony
orchestra, or the fine details of a television
picture. The fidelity requirements for simple
communication are not so high. Still, repro-
duction must be faithful enough to make the
message intelligible. This means reproduc-
tion without undue distortion. Voice repro-
duction must be understandable. The repro-
duction of CW and MCW must be readable.

Physical Requirements

The components of a receiver are usually
smaller and more compact than those of a
transmitter. This is due chiefly to the fact
that the power requirements of a receiver are
less. As a result, power supply components are
usually included right in the receiver unit.
The actual size, weight, and cost of a receiver
vary greatly, depending on the type and
quality of operation the receiver is to per-
form. Communications receivers are usually
of rugged construction. Receivers designed
for mobile use are shock mounted.

BASIC REQUIREMENTS FOR RADIO
RECEPTION

A simple practical receiver performs three
essential operations selection, detection,
and reproduction. By selection, one RF signal
is extracted from a multitude of RF signals.
By detection, the intelligence is separated
from the RF. By reproduction, the intel-
ligence is turned into some type of energy
which reproduces the intelligence. Each of
these operations, with the exception of selec-
tion, is shown in the diagram, Simple Receiver.

Antenna

Actually an antenna in itself is a tuned cir-
cuit. It provides some selectivity. The Antenna
Equivalent Circuit shows how an antenna can
be a resonant circuit. La represents the dis-
tributed inductance of the antenna. Ca rep-
resents the distributed capacitance of the
antenna. Ra represents the resistance of the
antenna. The resonant frequency of an antenna
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can be determined by the formula,

F (mc) -

\LC
where L is in microhenries and C is in micro-
microfarads. Substituting typical values (La =
50uh and Ca =200 mmf) in the formula,

_ 159
V(50) (200
=1.59 mc

Note that frequency may be changed by
varying L or C or both. When the antenna
is a wire or a mast, L and C vary directly with
antenna length. The longer the antenna, the
lower the resonant frequency.

F (mc)

The resistance of the antenna will affect
the sharpness of response of the tuned circuit.
This is illustrated by the chart at the right,
showing relative values of antenna current
for varying values of resistance, with L. and
C remaining constant. Note that the smaller
the resistance, the greater the response and
the greater the selectivity of the antenna.

An antenna can be tuned in construction by
making its length correspond to a quarter or
half wavelength or a multiple of a quarter
wavelength of a desired frequency. An an-
tenna may also be provided with a means of
varying its length for operational purposes.

At high frequencies, the selectivity pro-
vided by antenna tuning can be very critical
and very important. At those frequencies
antennas are short, and their resistance is
kept as small as possible. A slightly detuned
antenna may make a receiver inoperative.

DETECTOR

Antenna Equivalent Circuit

At low frequencies, antennas are long, and
reduction of internal reistance is less practical.
Here, antenna tuning is usually much less
critical. The gain provided in a receiver by
amplifier stages far surpasses the gain ob-
tained by antenna tuning. Antenna length
has little importance in broadcast receivers.

However, in simple receivers such as the
one under consideration, there are no ampli-
fier stages to provide signal amplification.
Here, antenna length is important both for
the sensitivity and the selectivity of the
receiver.

The receiver antenna intercepts the signal
by being in the path of the radiated RF. When

CURRENT

FREQUENCY Fr

Effect of Resistance on Selectivity
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Variable Antenna Circuits

magnetic lines of force cut a conductor (the
antenna) an emf is induced in the conductor.
This induced voltage reproduces both the
RF and any frequency or amplitude variations
of the inducing voltage. The induced voltage
1s greatest when the antenna is tuned to the
frequency of the inducing voltage. The in-
duced voltage represents the intercepted ener-
gy needed for the first steps in the receiving
process interception and selection.

Tuning for Selectivity

As stated before, the resonant frequency of
an antenna can be changed by varying an-
tenna inductance, antenna capacitance, or
both. This can be done by placing a variable
inductance or a variable capacitance in the
antenna circuit as shown in A and B of the
illustration above. Adding an inductance or
capacitance has no effect on the physical
length of an antenna, but it has considerable

Variometer Tuning

effect on the electrical length. It is the elec-
trical length which determines the resonant
frequency of the antenna. When the added
inductance or capacitance is variable, the
electrical length of the antenna can be changed
to achieve exact tuning for a desired signal.

The variometer, shown below, provides
another means of changing antenna reson-
ance by varying inductance. The taps on
the secondary can be used to increase the
tuning range.

Finally, higher selectivity can be obtained
by coupling the received signal into a separate
tuned circuit, as shown at the right. With
such a selector circuit added, selection may
be regarded as a separate step, distinct from
antenna tuning. The antenna may then be
regarded as being primarily for interception.

The use of a transformer improves both
sensitivity and selectivity. The transformer
steps up the voltage and isolates the tuned
circuit from the resistance of the antenna.
For tuning, either the capacitor or the coil
could be made variable.

Detection

The process of separating the intelligence
from the modulated RF signal is called de-
tection. In the simple receiver shown, detec-
tion is accomplished with the help of a crystal
detector. Detection is the opposite of modula-
tion, and is sometimes called demodulation.
In the receiver, here, detection separates the
amplitude modulation from the carrier. The
process of separating frequency modulation



from the carrier is somewhat different. It is
discussed in chapter 6.

All detectors are essentially rectifiers. The
crystal detector, shown in the illustration,
conducts effectively only in one direction.
Thus, when it is connected across the selector
tank circuit, the crystal acts as a rectifier.
Its output is a pulsating direct current,
pulsing at the RF rate but at the AF (modu-
lation) amplitude.

This is the first step in detection. The
process is completed by filtering the pulsating
DC. In the simple circuit shown here, the
coils in the headset form part of the filter.
They offer little impedance to AF but high
impedance to RF. A capacitor across the head-
set completes the filter. It offers little imped-
ance to RF but high impedance to AF. Thus
the capacitor bypasses the RF around the
headset while the AF signal goes through the
headset.

Reproduction

The current flowing through the coils of
the headset varies at an audio rate. If the
current can cause vibrations in the air at the
same rate, the vibrations will constitute
sound. For the reproduction of sound, the
energy of the magnetic field which surrounds
the coils is used. The strength of the magnetic
field varies as the current varies. In turn, it
causes a metal diaphragm to move back and
forth at the same rate. This sets up vibra-
tions in the air and produces corresponding
sound waves.
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OPERATIONAL ANALYSIS OF A SIMPLE
RADIO RECEIVER

To analyze the simple radio receiver, study
the schematic diagram shown on page 6.
In this schematic, are gathered together all
the steps just discussed. The points to be

considered in the analysis are — What are
the essential components? What are the
functions of each component? —~ What are

the changes made in the radio waves as they
pass through the receiver?

The illustration shows the conventional
connections of the components. It also gives
a graphic representation of the wave as it
passes through the receiver. When the radio
wave passes or cuts across the antenna, RF
voltage is induced across the antenna, and
consequently across the primary of T1. The
current flow in the primary of T1 (L1) in-
duces current flow in the secondary. The
antenna transformer usually has an air core
and a step-up ratio. This allows a small
amount of signal gain.

The secondary of T1 is a part of a series
tuned circuit, made up of L2 and C1. Maxi-
mum circulating current flows through a
series tuned circuit when the resonant frequen-
cy is applied. In addition, since maximum
current flows at resonance, maximum reactive
voltage is developed across each component.
For maximum output from the headset,
maximum voltage must be applied to the
rectifier and the parallel combination of C2
and the headset. This results in a maximum

L_] INTERCEPTION
CRYSTAL
DETECTOR
= N1
N
§ E REPRODUCT@
SELECTION
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by |
P4l

Simple Tunable Receiver

Detector Output Filtering
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amount of current through the headset, and
since the headset is a current device, there
will be a maximum audio output. Actually,
the tuned circuit (L2-C1) appears as a parallel
circuit to the rectifier and the parallel-con-
nected capacitor and headset, and one charac-
teristic of a parallel circuit at resonance is
that maximum voltage is developed across it.

The polarity at the extremities of the trans-
former changes with changes in the incoming
signal. When the top of the tank circuit is
positive, current flows through the circuit as
indicated by the solid black arrows. When
the top of the tank is negative, the crystal
does not conduct, and the capacitor discharges
as shown by the white arrows. Thus, the
waveform is rectified, and the signal is changed
to a pulsating DC. Note that the pulses still
bear the imprint of the modulation after
filtering, but this does not affect the intelli-
gence.

Part of the filter is C2, a small capacitor,
usually about 250 mmf. It filters the RF
component of the pulsating DC. The capacitor
charges during the half cycles that the crystal
conducts and discharges partially when the
crystal is not conducting. In its charging and
discharging, it absorbs almost all the swing
of the RF pulses and follows the pattern of
the modulation envelope, as the waveform
shows.

A headset changes current pulses to sound
waves by application of the electromagnetic
principle. Each receiver contains two coils,
a U-shaped permanent magnet which serves
as the core of the coils, and a flexible dia-
phragm. As current travels through the coils,
a changing magnetic field is developed. The
strength of this field determines how much the
diaphragm 1is attracted. When the field
strength decreases, the diaphragm pulls away.
The mechanical vibrations of the diaphragm
cause the sound which is the intelligence.

LIMITATIONS OF A SIMPLE
RADIO RECEIVER

The simple receiver just described has its
limitations. There is only one tuned circuit to
improve the selectivity of the antenna. The
slight step-up of the antenna transformer does
little to improve the sensitivity of the re-
ceiver. This limits the effectiveness of the
receiver to strong signals from nearby stations.
On other signals, the output of the detector
is not strong enough to develop magnetic
fields around the headset coils to produce
diaphragm vibrations.

An effective receiver needs more than the
basic requirements. It must include circuits
and stages to improve performance in terms
of selectivity and sensitivity. It needs addi-
tional tuned circuits for selectivity. It needs
RF amplifier stages to improve sensitivity. It
needs AF amplifiers to increase audio output
so that a speaker can be used to reproduce the
intelligence. Such a receiver is shown in the
block diagram of a tuned radio frequency re-
ceiver (TRF) on page 7. Typical stages of
a TRF are discussed in chapter 2.



CHAPTER

TRF RECEIVER

The simple receiver studied in the previous
chapter is classified as a single stage receiver,
since neither the antenna nor the headset can
be called a stage. The TRF receiver, on the
other hand, is a multistage receiver. As shown
in the block diagram, the detector of the TRF
is the equivalent of the single stage of the
simple receiver. The TRF is the more useful
receiver because it has two RF amplifier
stages, an AF (audio frequency) voltage
amplifier stage, and an AF power amplifier
stage.

In performance, the TRF far surpasses the
simple receiver. The use of electron tubes
makes the big difference. With the help of
tubes, the number of steps which the receiver
performs is expanded. The steps now are
interception, selection, RF amplification, de-
tection, AF amplification, and reproduction.

Amplification, both of RF and AF, is the
great advantage gained by using tubes.

ANTENNA CIRCUITS

The antenna coupling circuits used in con-
nection with the TRF receiver are similar to
those you studied in connection with the
simple receiver. Usually, though, they are
more elaborate. The RF energy which the
antenna intercepts is applied to the grid of
the first RF amplifier stage. In most cases,
transformer coupling is used. This method
offers the advantages of signal gain through
the step-up action of the transformer.

Sometimes wavetraps are used with trans-
former coupling. A wavetrap is a device for
preventing undesired signals from nearby
transmitters or from extra powerful trans-
mitters from drowning out desired signals

/
i s il it il il

SIMPLE
u i RECEIVER
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Wavetraps in Antenna Circuits

from weaker or more distant transmitters. As
shown above, these wavetraps may be parallel
or series resonant circuits. Their use increases
selectivity.

At A in the illustration, notice that L1 and
C1 form a tunable parallel resonant circuit
which presents maximum impedance to the
frequency to which it is tuned —the frequency
of the undesired signal. Thus, it rejects the
unwanted signal. The current through L.2 and
the voltage across the tuned circuit, L3-C2,
can be only at some frequency other than the
rejected frequency. This tuned circuit can
then select one of the desired frequencies.

At B, L1 and C1 form a series resonant
circuit. This presents minimum impedance
to the frequency to which it is tuned- the
frequency of the undesired signal. This series
resonant circuit bypasses the undesired signal
to ground, but presents high impedance to
frequencies other than the undesired fre-
quency. Currents at these other frequencies
flow through 1.2, and the tuned circuit com-
posed of L3 and C2 selects one of these other
frequencies.

Antenna capacitive coupling is also used,
especially with a variable coupling capacitor.

In the capacitive coupling illustration on page
9, the capacitor couples the antenna to the
tuned circuit. This variable capacitor makes it
possible to match antenna impedance to the
impedance of the grid circuit to obtain maxi-
mum signal input.

In many modern broadcast receivers, a loop
antenna is used. The loop circuit is a tuned
circuit, for the inductance of the loop combines
with the capacitance of the variable capacitor
to form a tuned circuit.

TUNED CIRCUIT CONSIDERATIONS

Before making a detailed study of the
various TRF stages, it is well to give some
attention to the tuned circuits used in the
TRF. Essentially, these tuned circuits are no
different from the tuned circuits you have
already studied. Recalling the formula for
resonant frequency in the last chapter,

F (mce) -——1 o

\NLC
You will note that resonance depends on the
value of L and C. Increasing the value of
either . or C decreases the resonant fre-
quency. Decreasing the value of either L or




C increases the resonant frequency. Changing
the value of both may change the resonant
frequency or it may not. It depends on
whether the product of L. and C is changed.
If L and C are changed so that their product
remains the same, the frequency will remain
the same. Thus, for the same frequency, L. may
be high and C low, or L may be low and C high.

You remember, though, that the L. C ratio
is important to the Q of a tuned circuit. Since

Z . . .
Q_E’ the ratio of impedance to resistance

affects the Q.

If the resistance remains the same, raising
L. and lowering C gives a higher ratio of
impedance to resistance and a higher Q.
Lowering L. and raising C gives a lower ratio
of impedance to resistance and a lower Q. A
high Q has the advantage of providing sharp
tuning and high gain, thus improving selec-
tivity and sensitivity. If the Q is too high,
though, tuning is so sharp that it eliminates
part of the sidebands and introduces distortion.

This all means that the makeup of the tuned
circuit, in terms of L, C, and R, is of con-
siderable importance.

The tuned circuits in the TRF are tunable,
usually by means of variable capacitors. The
capacitors are ganged so that they may be
varied simultaneously by one control. The
fact that the capacitors can be varied permits
exact tuning for a desired frequency. The fact
that the capacitors can be tuned over a range
of frequencies provides the receiver with its
frequency coverage.
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Another way of tuning is by use of variable
inductances. They can be ganged in the same
way as the variable capacitors.

The tuned circuits used for the TRF re-
ceiver are essentially the same as the tuned
circuits you have studied. Their individual
parts, though, are modified to adapt them to
the TRF.

RF Coils

An RF coil, such as the one shown on page
10, is designed for minimum loss. It uses a
multistrand wire called ‘‘Litz’’ wire. This wire
is made by weaving together a large number
of fine insulated wires. Its AC resistance is
low, and therefore the Q of the coil is high.

Very light cardboard is used for the coil
form. The form is varnished both before and
after winding, to prevent absorption of mois-
ture. The physical size of coil and form is kept
as small as possible. The width of the mass of
wound wire is usually about equal to its
depth, as shown. The form contains both
primary and secondary windings. The primary
may be wound near the secondary or directly
over the secondary.

A shield covers the coil and shields it from
electric and 'or magnetic fields which might
induce unwanted voltages. The shield must
be a good conductor to shield against electric
fields. Aluminum is usually used because it is
light, cheap, and a good conductor. Shielding
of coils results in some reduction of efficiency,
due to eddy currents induced in the shield by
the magnetic field of the coil. These eddy cur-
rents produce a magnetic field of their own
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which opposes the field of the coil. The loss of
efficiency due to eddy currents is limited to
approximately 15¢; by using a shield with
a diameter twice the diameter of the coil. The
shield should be well grounded.

RF coils usually have air cores. A few de-
signed for low and medium frequencies have
powdered iror. cores. The cores are sometimes
adjustable. As the iron core moves into the
coil, inductance increases and the frequency
of the tuned circuit decreases. A brass core
can be used for the opposite effect. As the
brass core is moved into the coil, inductance
decreases and frequency increases. In either
case, the circuit can be tuned by moving the
core. This is called permeability tuning.

Variable Capacitors

Variable capacitors for RF tuned circuits
are somewhat bulky. The plates, both rotor
and stator, are usually aluminum, but better
receivers sometimes use silver-plated brass
capacitors for improved RF conductivity.

The calibration pattern of a variable capac-
itor depends on the shape of its rotor, as
shown on page 11. For calibration, capac-
itors fall into three classifications straight
line capacity, straight line wavelength, and
straight line frequency.

10

With the straight line capacity type, capac-
ity increases directly with the amount of rota-
tion. Since frequency does not increase directly
with the decrease in capacitance, calibration
puts the upper half of a frequency band in
about one-eighth of the dial rotation.

With the straight line wavelength type,
wavelength increases directly with the amount
of rotation. In this type, the upper half of the
band appears on one-third of the dial rotation.

With the straight line frequency type,
frequency varies directly with the amount
of rotation. This permits linear dial calibra-
tion. With this type variable capacitor, a
tuned circuit has the same sharpness of tuning
over its whole band.

The TRF can use any number of RF ampli-
fier stages, but usually it has no more than
three. In each TRF there is one more tuned
circuit than there are RF amplifier stages. The
extra RF tuned circuit, of course, is in the
detector stage. When these tuned circuits are
controlled by wvariable capacitors, it is ad-
vantageous to have the capacitors tunable by
a single control. This can be done by ganging
the capacitors, as shown at the right. This
means that the capacitors are mounted in
line with their rotors attached to a common
shaft. Grounded partitions act as shields. They
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STRAIGHT LINE WAVELENGTH

STRAIGHT LINE FREQUENCY

Variable Capacitors

provide electrical separation between the
stator sections of the ganged capacitors.

It is almost impossible to manufacture a
set of ganged capacitors of exactly the same
capacitance. Similarly, it is difficult to keep
each one of a set of ganged capacitors at the
same capacitance. Even a slight bending of
a single plate of a capacitor will change its
value. Still, it is necessary for capacitors to
“track” -that is, to maintain equal capac-
itances at each setting of the rotor. To com-

pensate for differences, therefore, each of the
ganged capacitors is provided with a small
additional capacitor. It is screwdriver adjust-
able, and is called a trimmer. It is connected
in parallel with the main tuning capacitor
section. (See illustration on top of page 12.)

To make further adjustment possible, the
outer rotor plates on each section are usually
slotted, as shown in the illustration of a slotted
plate on page 12. The slots make it easy to
bend part of a plate and slightly change the
capacitance of one section.

Ganged Tuning Capacitor

11
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Trimmers Used for Tracking

Band Switching

TRF receivers frequently operate over sev-
eral bands. Switching from one band to
another requires switching from one set of
tuned circuits to another. Usually the new
set of circuits is formed partially out of the
old set by substituting different components
for either L or C. Since variable capacitors are
bulky, it is practical to use as few as possible.
Generally, therefore, it is the coils that are
changed to form the tuned circuits for the new
band. This can be done by use of a series of
plug-in type coils, or by use of a switching ar-
rangement. Where a switching arrangement is
used, a single coil form may include windings
for one, two, or three bands. A rotary wafer
switch, such as the one on page 13, is used to
switch in the desired set of coils. The switch
connects the proper coils to the capacitor
section, and, at the same time, grounds all un-
used coils. As you see, the switch shown has

Slotted Rotor Plate

three wafers. When the shaft is turned, metal
contacts fastened to the inner portion move
from one contact point to another along the
outside portion. Each setting of the switch
makes a combination of connections for one
band.

You can see the electrical equivalent of two
switching arrangements at the right. A shows
an arrangement for placing different coils into
the circuit with one variable capacitor. B
shows an arrangement for switching different
capacitors in series with one variable capac-
itor.

Bandspreading

In a multiband receiver, each band has
a different bandwidth. Still it is desirable for
each band to occupy the entire range of the
tuning dial. For example, the broadcast band
extends from 550 kc to 1600 ke, a frequency
ratio of about 3 to 1 and a frequency coverage
across 1050 kc of tuning range. When a dial
for this band rotates 180°, it covers about 5
kc for each degree of rotation. Shifting to a
new band may bring about a situation where
the tuning range occupies only a portion of
the dial range and where many kilocycles of
frequency are covered for each degree of ro-
tation. This concentration of frequencies in
each degree of rotation makes dial reading
difficult. To correct this, the band is spread
until it more closely approximates the full dial
rotation.

Bandspreading can be accomplished by
mechanical means. The mechanical arrange-
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Rotary Switch for Band Switching

ment uses gears which coordinate the rotation
of the dial with the rotation of the variable
capacitor. But this method is expensive and
is used only with precision equipment.
Bandspreading can also be accomplished
electrically by using trimmer and padder
capacitors, as shown on page 14. These capaci-

tors can affect the minimum to maximum
capacitance of a circuit. To increase the band-
spread, a variable trimmer, C2, is connected
in parallel with the main tuning capacitor.
To decrease the maximum capacitance with-
out changing the minimum value appreciably,
a padder or series capacitor, C3, is used.

E Eit_:j:
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Band Change Circuits
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THE TUNED CIRCUIT AT VHF AND UHF

The use of the ordinary tuned circuit for
VHF and UHF is impractical. At such fre-
quencies, both L. and C become so small that
the connecting leads of the coil may have more
inductance than the coil itself, and the dis-
tributed capacitance of the coil may exceed
the capacitance of the wvariable capacitor.
Under such conditions, successful tuning is
impractical. Thus, it is common practice to
use resonant sections of transmission lines for
tuning frequencies above 100 mc. A quarter
wavelength resonant line has capacitance and
inductance. It is a tuned circuit. This type of
tuned circuit will be discussed further in the
chapter on VHF and UHF receivers.

AMPLIFIER TUBE CONSIDERATIONS

Triodes, tetrodes, or pentodes may be used
in TRF receivers. The use of pentodes is most
common, for pentodes provide much greater
amplification, with little danger of oscillation.

Remote cutoff (variable-mu) or sharp cut-
off tubes may be used. Notice the difference
in response of these two types as shown above.

The remote cutoff tube is used in circuits
with adjustable bias for controlling the gain
of a stage without impairing linearity of
amplification. With a remote cutoff tube,

14

Pentode Response Curves

signal strength may vary considerably without
danger of distortion. Some useful remote cut-
off tubes are the 6K7, 6SK7, 6SG7, 6BEG6,
6AV6, and 6AB7. These tubes cut off at bias
voltages of —15 to —45 volts. Class A opera-
tion is possible up to the cutoff point.

The sharp cutoff tubes, such as the 6SJ7,
6SH7, or 7V7, have higher transconductances
than remote cutoff tubes. They can be used
where signal strength is low and high gain is
desired, as in the first amplifier stage. They
can also be used where signal strength is
relatively constant.

TRF AMPLIFIER TUBES AT VHF AND UHF

In the VHF and UHF ranges, specially
constructed tubes are used. Input impedance
must be high, or gain is limited and tuning is
broadened. At 60 mc, a normal RF amplifier
tube may have an input impedance of 2500
ohms, while a specially constructed tube may
have an input impedance of 54,000 ohms.

The specially constructed tube is very small
physically, with closely spaced electrodes and
no base. To reduce interelectrode capacitance
and lead inductance, tube connections are
brought out to short wire pins sealed in the
glass envelope. The close electrode spacing
keeps transit time down to the point necessary
for UHF operation. The reduced electrode area



means reduced interelectrode capacitance.
These tubes can be used for frequencies as
high as 600 mc. Some examples are acorn
tubes 954 and 956.

TRF AMPLIFIER CIRCUIT

Examine the typical RF amplifier stage
shown below. The tube is a remote cutoff
pentode. The antenna is transformer coupled
through a tuned circuit to the grid of the
pentode. Cathode bias is provided. The vari-
able resistor in the cathode circuit permits
adjustment of the operating bias. The output
of the stage is transformer coupled to the next
stage.

The RF signal is passed through several
such TRF amplifier stages before it is applied
to the detector stage. As the signal goes
through the three or four tuned circuits,
selectivity is greatly improved because each
tuned circuit passes the resonant frequency
and attenuates the other frequencies. The
sensitivity is greatly increased because each
tube amplifies the signal.

DETECTOR CIRCUITS

Detection involves rectification and filter-
ing, as explained before in the simple receiver
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analysis. In most modern receivers, the de-
tector uses an electron tube for rectification.
Six types of tube circuits are used: diode de-
tector, plate detector, infinite impedance de-
tector, grid leak detector, regenerative de-
tector, and superregenerative detector. The
diode detector is the most common.

Diode Detector

Examine the diode detector circuit shown
on page 16. Note that no DC plate voltage is
used. The RF voltage across the tuned circuit,
L2-C1, is applied across the diode. Since cur-
rent flows only when the plate is positive in re-
spect to the cathode, the RF voltage is rec-
tified. When the plate is positive, the diode
conducts and the capacitor in the filter cir-
cuit, C2, charges. When the plate is nega-
tive, no current flows in the tube, and C2
partially discharges through R1, the load
resistor. However, the value of Rl is so
high that the capacitor discharges only slight-
ly before the tube again conducts. This means
that the charge on the capacitor follows the
positive peaks of the RF voltage. Since the
shape of the modulation envelope can be
traced in the variations of the RF peaks, the
charge on the capacitor reproduces the AF
modulation voltages.

B+

RF Amplifier

15
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Diode Detector and Response Curve

As you can see from the graph in B, the
voltage-current response of a diode is linear
except when plate voltage is very low. This
means that with any reasonable signal
strength, diode response is always linear, up
to the point of plate saturation. Fidelity is
high, even for signals that approach 1007
modulation. The signal handling ability of a
diode is very high. It can handle signals of
almost any amplitude. The efficiency of a
diode, in a properly designed circuit, is ap-
proximately 90¢,. The sensitivity and selec-
tivity of a diode detector circuit are some-
what poor. However, in modern receivers,
high gain and good selectivity in other stages
make this of minor importance.

Plate Detector

Examine the circuit of the plate detector
on page 17. It is essentially an amplifier
stage with the tube biased just above cutoff.
In other words, a small amount of current
flows when no signal is applied. As you can
see on the plate detector response curve, the
tube conducts cn the positive swing of the
grid voltage but is cut off during most of the
negative swing. Thus, the plate current is
DC, pulsating at an RF rate. The amplitude
of these pulses follows the amplitude of the

modulation (AF) voltage.

Cathode bias for the tube is provided by
R1 and C2. C3 and L3 form a filter circuit.
C3 presents high impedance to the AF
component of the plate current, and low im-
pedance to the RF. L3 presents low imped-
ance to AF and high impedance to RF. Thus,
the filter bypasses RF around the load resistor
but passes AF to the output circuit.

R2 is the load resistor. The AF portion of
the plate current flows through R2. The volt-
age drop across R2 reproduces the modula-
tion voltage in the output. Capacitor C4
bypasses the AF around the power supply.

In sensitivity and selectivity, the plate
detector rates high. The sensitivity is high
because the tube provides amplification. The
selectivity is good because no grid current
flows to consume any of the energy furnished
by the tuned circuit and the Q of the circuit
remains high.

The plate detector lacks fidelity only when
signal voltage is so low that amplification is
in the lower portion of the response curve, or
when signal voltage is so high that the tube
reaches saturation. Its signal handling ability
is limited by the cutoff bias, and by tube
saturation. For most tubes, though, the signal
handling ability may be considered good.
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Infinite Impedance Detector

The infinite impedance detector combines
the advantages of diode detection and plate
detection. Like the diode, it has very good
signal handling capability. Like the plate
detector, it never draws grid current sc the
tube never acts as a load on the tuned circuit.
Thus, the sensitivity and selectivity of the
tuned circuit remain high.

Examine the typical infinite impedance
detector circuit shown above. The action of
R1 and C2 in the cathode circuit biases the
tube just above cutoff. C2 is a bypass for RF
but not for AF. With no signal applied to the
grid, a little current flows, producing an
initial voltage drop across R1. When positive
excitation voltage is applied to the grid, the
current through the tube due to the RF
component of the signal flows through C2.
On negative swings, C2 discharges only slight-
ly through R1. This means that the charge
on C2 follows the slow variations of the AF
but not the fast variations of the RF. The
result is that the audio modulation voltage
is reproduced across the circuit.

Any increase in the strength of the signal
applied to the grid causes an increase in the
amplitude of the AF voltage across RI1.
Thus, as the grid voltage rises, the cathode
voltage also rises. Consequently, the cathode
voltage follows the grid voltage, and the grid
can never become positive with respect to
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the cathode. In other words, the grid always
offers infinite impedance to the flow of grid
current. As a result, the grid never draws
current, and the tube never acts as a load
on the tuned circuit. The Q of the tuned cir-
cuit therefore remains high.

Grid Leak Detector

The grid leak detector is equivalent to a
diode detector followed by an amplifier, with
both circuits centered in one tube. The control
grid and cathode act as the electrodes of a
diode, yet they also act as the input circuit of
an amplifier. Either a triode or a pentode
tube may be used. The grid leak circuit dia-
gram at A illustrates use of a triode.

The grid draws current on the positive
grid signal. Since the reactance of the grid
leak capacitor C2 to RF pulses is much less
than the resistance of R1 to the RF pulses,
the capacitor charges when the signal goes
positive. When the signal goes negative, grid
current decreases or stops, and C2 discharges
slightly through R1. The discharge time is so
slow that the charge on C2 can follow the AF
but not the RF wvariations. The resultant
voltage across R1-C2 is the audio modulation
voltage. This voltage is amplified by the
tube.

In the amplifier section of the tube, it is
primarily the AF signal which is amplified.
C3 bypasses the RF currents. The output is
taken across the plate load resistor R2. When
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a triode is used, an audio output transformer
may serve as the plate load. When a pentode
is used, the high plate resistance of the tube
makes it necessary to use a resistor as the
plate load.

Usually the grid leak circuit is designed to
operate with strong grid signals. As shown
at B, the detector operates on the linear por-
tion of the curve. This detector has good sen-
sitivity, since the tube amplifies the input
signal. Selectivity is only fair, since the grid
draws current to load the tuned circuit.
Linearity is fair. Signal handling ability is
very good.

Regenerative Detector

Regenerative detectors are special types
of grid leak detectors. The plate circuit of
the regenerative detector (page 19) contains a
feedback coil (L3) that inductively couples
energy back to the tuned circuit. This coil
provides feedback to reinforce the incoming
signal. Thus the tube not only amplifies the
signal, but it also reinforces and increases the
signal on the grid. This increased signal is
also amplified and again fed back to the
grid. Thus the sensitivity of this circuit is

far greater than the sensitivity of the de-
tectors already studied. However, this circuit
is difficult to handle. Circuit adjustments are
very critical. If feedback voltage is too great,
the stage responds as an oscillator, producing
squeals in the sound output of the receiver,
and producing interference in other receivers.

This tendency to oscillate can be used to
advantage, however, in obtaining intelligence
from CW transmissions. For CW reception,
variable resistor R2 is adjusted so that the
circuit starts to oscillate. The frequency of
oscillation is slightly different from the signal
frequency (to which L2-Cl1 is tuned) and
this produces an audible beat frequency in
the headset. This beat frequency can be
varied by adjusting R2.

Superregenerative Detector

The operation of this type of receiver is
somewhat like that of a regenerative detector
receiving a CW signal. When the detector
oscillates, the amplitude of oscillation is con-
trolled by the amplitude of the RF input sig-
nals. The time that the detector oscillates is
controlled by the quench oscillator, which
operates at about 20 kc and applies an addi-
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tional signal to the detector grid. When this
signal is positive, the detector oscillates. When
this signal is negative, the detector is cut off.

Each time the detector oscillates, a voitage
pulse is developed in the plate circuit of the
detector. The amplitude of this pulse is con-
trolled by the amplitude of the incoming RF
signal during the time of the pulse. Successive
pulses, therefore, vary in amplitude according
to the modulation envelope. These pulses are
filtered by C1 so that only the audio voltage
is applied to the primary of the output trans-
former.

The quench oscillator frequency must be
above the audio range to prevent the quench
frequency from being heard in the output.
Also, the ratio of the RF input signal fre-
quency to the quench frequency must be at
least 100 to 1, to prevent a large amount of
noise from developing. This means that the
minimum RF frequency at which this type
of receiver will operate satisfactorily is 2,000
ke. This type of circuit is especially adaptable
to the VHF band, and is used in some VHF
police equipment.

Superregenerative receivers are compact,
light in weight, and low in cost. They consume
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little power, and have surprising gain for the
number of tubes used. Superregenerative de-
tectors have high sensitivity, but poor lin-
earity. They are poor in selectivity because
the grid current loads the tuned circuit. Their
signal handling ability is very good.

Multielement Tube Detectors

One of the multielement special purpose
tubes is the twin diode triode. Its use is shown
in the detector-amplifier circuit diagram. This
single tube serves simultaneously as a de-
tector and audio amplifier. It contains a
cathode, control grid, triode plate, and two
diode plates. In this circuit, the diode plates
are joined together and, with the cathode,
they form the diode section of the tube. When
the tuned circuit connected between the
diode plates and cathode drives the diode
plates positive with respect to the cathode,
the diode section conducts.

R2 and R3 in series form the plate load
resistor of the diode section. They are by-
passed for RF by C2. R3 is a potentiometer
which taps the AF voltage across part of the
plate load and applies it to the grid of the
triode amplifier section through coupling
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capacitor C4. This amplifier operates as a
high-mu voltage amplifier, supplying excita-
tion voltage to the power amplifier grid. R5
is the plate load resistance for the triode
section.

THE AUDIO SECTION

Two types of amplifier stages are used
voltage amplifiers and power amplifiers. When
intelligence is to be reproduced by a headset,
the audio section usually has one or two volt-
age amplifiers. When intelligence is to be
reproduced by a speaker or a number of head-
sets in parallel, one voltage amplifier and one
power amplifier are usually used.

The AF voltage amplifier is used to build
up the signal enough to excite the grid of the
power amplifier or to energize the headset.
Either a triode or pentode tube can be used
as the voltage amplifier. In most cases, a
medium-mu tube is used, especially when
preceding RF amplifier stages provide suffi-
cient gain. Resistance-capacitance coupling of
the voltage amplifier to the power amplifier
is conventional. The voltage gain for a med-
ium-mu triode operating at frequencies around
1000 cps runs from 10 to 70. The load resist-
ance of the voltage amplifier should be several
times the plate resistance.

A power amplifier must efficiently convert
DC power to AC power. If a triode is used,
it should have low internal resistance. Maxi-
mum power transfer takes place when the
load impedance equals the internal resistance.

However, in practice, the load impedance is
kept smaller than the plate resistance to pre-
vent distortion. Power amplifiers generally
use tetrodes or pentodes. These have higher
power efficiency than triodes. Some tetrodes
deliver nearly twice the output of a triode,
even when the grid voltage of the tetrode is
one-fourth that of the triode. For tetrodes
and pentodes, a load impedance of about one-
tenth of the plate resistance is used.

Study the voltage and power amplifier
shown in the circuit diagram. The generator
in the grid circuit of V1, the voltage amplifier,
represents the detector stage as a source of
driving energy. The voltage output of V1
is capacitively coupled to V2, the power am-
plifier. The output of the power amplifier
is transformer coupled to the speaker so that
the high impedance of the power amplifier
plate circuit can be matched to the low im-
pedance of the speaker voice coil.

VOLUME CONTROL METHODS

Since the signals intercepted by an antenna
may be of widely differing strengths, the
receiver should be able to handle both weak
and strong signals. It is advantageous to
bring both the very weak signal and the very
strong signal to approximately the same level
of strength for the final reproduction of the
intelligence. The process of matching signal
strength to desired audio output involves
the use of volume controls. Three methods are
in common usage — manual control of audio
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signal, manual control of RF signal, and
automatic control of RF signal.

Manual Audio Control

The control of signal strength in the AF
section of a receiver is called manual volume
control (MVC). As shown in the circuit dia-
gram above, this type of control is accom-
plished by using a potentiometer as the de-
tector load resistor. The strength of the audio
signal applied to the grid of the first audio
amplifier can be regulated by this means.
Maximum and minimum points of volume are
indicated on the circuit diagram.

For other kinds of coupling, the potentiom-
eter arrangements are made as shown below.

At A, the output is capacitively coupled
to a potentiometer. The movable tap on the
potentiometer is connected directly to the
first audio amplifier grid. Here, the poten-
tiometer is the grid resistor of the audio am-
fier. The tap selects a portion of the voltage
across the resistor.

At B, the detector stage is transformer
coupled to the AF amplifier. The potentiom-
eter is across the secondary winding. The
movable tap is connected directly to the grid.
Here, the potentiometer is in series with the
secondary of the transformer.. The tap selects
a portion of the voltage across the potentiom-
eter and applies it to the grid.
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Manual RF Control

As shown in the illustration at the left,
the RF signal amplitude can be controlled
in the antenna circuit. At A, the antenna is
connected to the movable tap of the poten-
tiometer. At B the movable tap is connected
to ground while the antenna is connected to
one end of the potentiometer. At C, the mov-
able tap is connected to the grid of the first
RF amplifier while a tuned circuit is connected
between the grid and ground. In each case,
regulation of the potentiometer controls the
amount of signal applied to the grid.

RF signal amplitude can also be controlled
in the RF amplifier stages by regulating the
amount of amplification of the stage. This is
known as manual gain control (MGC). As
shown on page 25, the variable resistor is in
the cathode circuit of the RF amplifier. It is
in series with a fixed resistor which provides
a minimum amount of cathode bias. Adjust-
ing the potentiometer changes the bias and
thus the amount of amplification. This type
of regulation is used with variable-mu pen-
tode tubes, since these tubes permit consider-
able variation of bias without distortion. In
actual use, the potentiometer would be in
the cathode circuit of several stages. Thus,
it would control the gain of several RF stages
simultaneously.

Antenna volume control and manual gain
control can be accomplished simultaneously
by use of a single potentiometer, as shown
below. The potentiometer controls both the
resistance across the primary of the input
transformer and the cathode resistance of the
first amplifier.
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Dual Antenna and Gain Control




AFM 100-5 14 DECEMBER 1956

S
AN

i

MGC

N
™

i—

Manual Gain Control

Avutomatic Volume Control

A volume control permits the level of output
to be kept approximately the same for both
a weak signal and a strong one. However,
fading causes such variations in signal strength
that no single setting of the volume control

gives uniform output. Automatic volume con-
trol (AVC) corrects this situation and permits
uniform output for a signal of varying strength.

In general, AVC controls the gain in several
amplifier stages preceding the detector. Such
an arrangement is shown below. The parts

TO

AF STAGES

Basic AYC Circuit
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of the circuit involved in AVC are drawn in
heavy lines. When using AVC, these tubes
are usually variable-mu tubes.

V1 and V2 are RF amplifiers. V3 is the
detector. The AVC process starts with the
detector and works back to the RF amplifiers.
R1 is the load resistor of the detector. The
voltage across R1 depends on the strength of
the signal being detected by the diode. When
the signal is strong, the voltage across R1 is
large. Note that the voltage drop across R1
is negative in respect to ground. Note also
that this negative voltage drop is applied
through R2 to the grids of V1 and V2. This
means a reduction in the gain of each amplifier
stage. The amount of reduction depends on the
size of the voltage drop across R1. If the signal
is weak and the voltage across R1 is small, then
the gain of the amplifier stages is reduced only
a small amount. If the signal is strong and the
voltage drop across Rl is large, then the re-
duction in gain is large. This means that AVC
reduces the gain in both tubes. However, since
the amount of reduction is proportional to
signal strength, the output is kept fairly
uniform. The general loss of gain caused by
the use of AVC is small compared to the
amount of gain provided by the amplifiers.

Of course, the voltage drop across R1 is DC,
pulsating at an audio rate. To apply these
audio variations to the RF amplifier grids
would produce distortion. Therefore, the DC
voltage fed back to the grids is filtered to re-
move the audio component by the filter made
up of R2 and C1. The time constant of C1 and
R2 is such that the AF pulses are filtered out,
and a pure DC voltage is fed back to the
amplifier grids.

TYPICAL TRF RECEIVER

You have now studied, circuit by circuit,
all the parts of the TRF. You have studied
various methods of detection used in the TRF,
and in other receivers. You have studied
various methods of volume control used in
the TRF, and in other receivers. It is time
now to bring the various circuits together to
form one typical TRF circuit diagram. To
help you understand the circuit diagram, the
table on page 28 gives a description of each
of the circuit components.
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The antenna circuit includes a tunable par-
allel wavetrap for undesirable signal rejection.
The antenna is inductively coupled to the in-
put of the first RF amplifier.

There are three RF amplifier stages, fol-
lowed by a detector stage. Four tuned RF
circuits control the inputs to these stages.
These tuned circuits are ganged - their vari-
able capacitors, C2, C3, C4, and C5 can be
adjusted by a single control. Capacitors C6,
C7, C8, and C9 are trimmers They are sepa-
rately adjustable and can be used for tracking
the four tuned circuits. These stages, the three
RF amplifiers and the detector, are trans.
former coupled.

The three RF amplifier stages use variable-
mu pentode tubes. The detector stage provides
diode detection by using a triode tube with
plate and control grid connected for diode
action.

The output of the detector is capacitively
coupled to the audio amplifier, a pentode tube.
The output of the audio amplifier is trans-
former coupled to the headset.

All the amplifiers use cathode bias. A single
potentiometer (R4) forms part of the cathode
resistance of the first two RF amplifiers. It
also forms part of the antenna circuit. Ad-
justment of this potentiometer provides man-
ual gain control when ganged switch SW2 is
in the MGC position. In this position, one
contact of the switch grounds the potentio-
meter so that it can be used. Another contact
grounds the AVC circuit so that it can’t feed
voltage to the grids of the RF amplifiers. A
third contact applies the entire voltage drop
across the diode load resistor to the AF
amplifier. This makes the adjustable part of
the manual volume control inoperative.

When switch SW2 is in the MVC-AVC
position, one contact grounds the top of po-
tentiometer R4, removing it from the cathode
circuit of the first two RF amplifiers, leaving
all of R4 across the primary of T1. Another
contact removes the ground connection which
prevented AVC voltage from being fed to
the amplifier grids. A third contact connects
the variable arm of potentiometer R15 (the
detector load resistor) to the input of the
audio amplifier. Thus, the output of the
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Typical TRF

detector can be regulated manually, and the
automatic volume control circuit is in opera-
tion.

Altogether, then, three methods of volume
control are used: manual gain control on one
position of the switch, and both manual
volume control and automatic volume control
on the other.

The power supply uses a full wave high
vacuum rectifier tube, with a capacitor input
pi-type filter. This type of filter develops a
high DC voltage output (about 0.9 of the peak
AC voltage), but has poor voltage regulation.
However, the load current taken by the re-
ceiver circuits is fairly constant. Thus, the
power supply functions very efficiently. This
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is the type of power supply used in the
majority of AC receivers.

TRF receivers have been widely replaced
by superheterodyne receivers. The selectivity
and response of the TRF are not uniform over
the tuning range. Also, it is difficult to design
TRF receivers for satisfactory operation at
extremely high frequencies. However, the TRF
continues to be useful, particularly in military
communications, because it has one advantage
over the superheterodyne—it does not use an
oscillator in its circuit, while the superhetero-
dyne does. Thus, the superheterodyne cannot
be used where the enemy has direction finding
equipment to detect a receiver’s location.
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SECTION REFERENCE FUNCTION SIZE OF PART
NUMBER
RF AMPLIFIER
a CAPACITOR FOR WAVETRAP
€2.3.4 5 4-GANG VARIABLE TUNING 35-365 MMF
(broadcast band)
C6,7, 8, 9 TRIMMERS
c10, 11,12 CATHODE BIAS BYPASS .1 MFD
C13, 14, 15 SCREEN GRID BYPASS .05 MFD
cl6, 17, 18 PLATE DECOUPLING FILTER .05 MFD
C19, 20, 21 GRID DECOUPLING FILTER 05 MFD
22 AVC FILTER .05 MFD
4] COIL FOR WAVETRAP
R, 2 MINIMUM CATHODE BIAS 400 OHMS
R3 CATHODE BIAS 400 OHMS
R4 MANUAL GAIN CONTROL 10 K
R5,6,7 SCREEN VOLTAGE DROPPING 90 K
R8, 9,10 PLATE DECOUPLING FILTER 15 K
R11,12,13 GRID DECOUPLING FILTER 100 K
R14 AVC FILTER 1 MEG
SW2 DETERMINE FORM OF
VOLUME CONTROL
n ANTENNA TRANSFORMER
12,34 INTERSTAGE COUPLING; TUNING
V1, v2, v3 RF AMPLIFICATION 6K7 OR 65K7
DETECTOR
c23 RF FILTER 250 MMF
c24 AF COUPLING .02 MFD
R15 LOAD RESISTOR; 500 K
MANUAL VOLUME CONTROL
v4 TRIODE CONNECTED AS A 6J5
DIODE: DETECTOR
AF AMPLIFIER
c25 CATHODE BYPASS 25 MFD
R16 CATHODE BIAS 200 OHMS
R17 GRID RETURN 500 K
15 OUTPUT TRANSFORMER
Vs AUDIO AMPLIFIER 6F6
POWER SUPPLY
C26,27 FILTER CAPACITORS 8 TO 16 MFD
12 AUDIO FILTER CHOKE 20 HENRIES
SW1 ON/OFF
16 POWER TRANSFORMER
73 FULL WAVE RECTIFIER 5Y4-G
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CHAPTER

SUPERHETERODYNE RECEIVER

The superheterodyne receiver is the type of
receiver in most common use today. Almost all
broadcast and communications receivers are
now superheterodynes. Most receivers designed
for high frequencies are superheterodynes.

This chapter discusses the basic principles
of superheterodyne operation and the types
of circuits used.

PRINCIPLES OF SUPERHETERODYNE
OPERATION

The superheterodyne receiver takes ad-
vantage of two important facts of radio opera-
tion. First, amplification of a radio signal at
a low frequency can be more successful than
amplification at a high frequency. Second,
amplification of a signal by fixed tuned cir-
cuits is more successful than amplification by
variable tuned circuits.

The superheterodyne converts all input
frequencies to a single, fixed, lower frequency
which is amplified by fixed tuned circuits. This
process distinguishes the superheterodyne from
other receivers in performance, for it provides
outstanding sensitivity and selectivity over
the whole tuning range. The superheterodyne
is distinguished from other receivers in con-
struction, as shown on page 30.

Note the IF (intermediate frequency) am-
plifier stage. It is this stage which employs the
fixed tuned circuits. The fixed frequency which
it amplifies is called the intermediate fre-
quency, because it is lower than any input
frequency within the receiver’s tuning range,
but higher than audio frequencies. The re-
ceiver shown in the block diagram is a broad-
cast receiver with an IF of 455 kc. This fre-
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quency is substantially lower than the lower
limit of the broadcast band which is 550 kc.

Note the local oscillator stage. The output
frequency of this stage is combined with the
output frequency of the RF amplifier stage to
produce a new frequency — the intermediate
frequency. This process is called heterodyn-
ing. The frequencies on the block diagram
show the frequencies at which various stages
operate when the receiver is tuned to re-
ceive a signal of 800 kc. Note that the os-
cillator frequency is given in the block dia-
gram as 1255 kc, and the RF amplifier fre-
quency as 800 kc. This means that the oscil-
lator operates at a frequency 455 kc above the
RF amplifier frequency.

The difference frequency, equal to the IF,
appears in the output of the mixer. The
oscillator frequency is heterodyned against the
RF amplifier frequency in the mixer stage.
The output of the mixer contains the oscillator
frequency, the RF amplifier frequency, the
sum of these two frequencies, and the differ-
ence between these two frequencies. The fixed
tuned circuits of the IF amplifier are tuned to
455 kc. Therefore, they accept the difference
frequency but reject the others.

The heterodyning process is illustrated by
the waveforms shown in the block diagram.
The RF modulated wave intercepted by the
antenna is shown at A. At B, the waveform
shows the same modulated carrier after it has
been amplified by the RF amplifier stage. At
C, the waveform shows the output of the local
oscillator. It is unmodulated. Its amplitude
is considerably higher than the amplitude of
the waveform put out by the RF amplifier.
At D, the waveform represents the amplified
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difference frequency. Note that it bears the
same modulation pattern as the RF carrier.
At E, the waveform represents the detected
audio frequency. At F, the waveform repre-
sents the amplified audio frequency.

Of course, the superheterodyne receiver is
not confined to an input frequency of 800 kc.
The RF amplifier tuned circuit is variable and
can select any frequency in the broadcast
band. The tuned circuit of the oscillator is also
variable. It is ganged with the RF amplifier
tuned circuit so that it is always 455 kc above
the frequency to which the RF amplifier is
tuned. Thus, the difference frequency between
oscillator frequency and the RF input fre-
quency is always 455 kc. This arrangement
for keeping frequencies separated by a fixed
amount is called tracking. It means that the
frequency presented to the IF amplifier is
always the same, no matter what the RF in-
put frequency may be.

For low, broadcast, and medium frequen-
cies, the oscillator usually tracks above the
signal. For VHF and UHF, the oscillator
usually tracks below the signal.

There is one major disadvantage to super-

30

heterodyne operation. If a local oscillator
frequency of 1255 kc can mix with an input
frequency of 800 kc to produce a difference
frequency of 455 ke, this same local oscillator
frequency of 1255 kc can also mix with an
input frequency of 1710 kc to produce a differ-
ence frequency of 455 kc. Thus, the mixer
section might present to the IF amplifier the
signal from two different stations at the same
time, both converted to the same IF. The IF
amplifier would accept and amplify both at the
same time. The demodulator would detect the
signal of both at the same time. The intelli-
gence of both would be present in the speaker
at the same time. Such a mixture of signals
would be confusing, if not unintelligible.

The second signal which might interfere
with the desired signal is called the image
frequency. Image frequencies can best be pre-
vented by selective tuning of the RF amplifier
section. Highly selective RF amplifier tuned
circuits, when tuned 455 kc below the oscil-
lator frequency, will reject a frequency 455
kc above the oscillator frequency. In other
words, the RF stage tuned to a frequency of
800 kc rejects the image frequency of 1710 ke.



SUPERHETERODYNE CAPABILITIES

The superheterodyne receiver has more uni-
form selectivity and sensitivity over its tuning
range than the TRF, because most of its gain
is obtained in fixed-tuned circuits. These low
frequency fixed-tuned amplifiers are more
easily designed for high gain and selectivity.
While the selectivity of the IF stages de-
termines the overall adjacent channel selec-
tivity of the superheterodyne receiver, an RF
preselector having sufficient selectivity to
reject image frequencies must be added. Even
so, the superheterodyne receiver requires
fewer sections of a ganged capacitor, thereby
reducing the tracking problem. For *these
reasons the superheterodyne receiver has
largely replaced the TRF.

SUPERHETERODYNE PRESELECTOR

The RF amplifier section of the superhetero-
dyne receiver is called the preselector. The RF
circuits of the preselector are essentially the
same as the RF circuits of the TRF receiver.
In the superheterodyne, however, the selec-
tivity of the RF amplifier stages is more im-
portant than the gain. It is the selectivity
which prevents the appearance of image fre-
quencies.

One, two, or three RF amplifier stages may
be used for the preselector section. Two is the
usual number in a communications receiver.
The selectivity graph shows the amount of
selectivity afforded by a preselector section
containing one and two RF amplifier stages.
The vertical axis shows the relative input
voltage required for a constant output. The
horizontal axis shows the number of kilocycles
off resonance. Notice that, with one RF
amplifier, a signal 30 kc off resonance must
have about nine times the voltage of a signal
at resonance, to give the same response. With
two RF stages, a signal 30 kc off resonance
must be about eighty times as strong as a
signal at resonance, to give the same response.

FREQUENCY CONVERSION

The heterodyning process that takes place
in the superheterodyne receiver is called fre-
quency conversion. The actual stage in which
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Superheterodyne Selectivity Graph

this takes place is called the mixer or con-
verter, depending upon the arrangement of
the circuit. When one multielement tube is
used as an oscillator and frequency converter,
the stage is calied a converter. When one tube
is used as the oscillator and the oscillator and
signal frequencies are applied to another tube,
the latter tube is called a mixer.

Converters and mixers are also known as
first detectors. The reason for this is that
either a converter or a mixer tube must be
nonlinear before its output will contain the
difference or intermediate frequency. In other
words, the tube must conduct more during
the positive portions of the applied frequencies
than during the negative portions otherwise,
the intermediate frequency would not be pro-
duced.

Local Oscillator

The local oscillator must meet exacting re-
quirements in frequency coverage, frequency
stability, constant output, and correct track-
ing. The local oscillator may use any of the
fundamental oscillator circuits. The modified
Hartley and the tuned grid are commonly
used. Most VHF and UHF receivers use
crystal-controlled local oscillators. To main-
tain frequency stability, the plate voltage of
the oscillator is often regulated.
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Methods of Mixer Injection

Another problem of stability is the effect
that the other radio frequencies present have
on the local oscillator. The oscillator tends to
synchronize its oscillation with the other
radio frequencies. The stronger these other
RF signals are and the closer their frequency
is to the oscillator frequency, the greater is
the tendency for the oscillator to synchronize
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with these RF signals. A change in oscillator
frequency caused by these RF signals is called
oscillator pulling. Oscillator pulling may be
reduced by isolating the oscillator as com-
pletely as possible from the other radio fre-
quencies. This isolation is accomplished not
only by proper shielding of oscillator com-
ponents, but also by using appropriate means



for coupling the oscillator signal to the 1st
detector. Oscillator voltage may be intro-
duced into the 1st detector by inductive, ca-
pacitive, or electron coupling. It may be in-
jected at the cathode, control grid, screen grid,
or suppressor grid. Other types of injection
make use of pentagrid tubes, discussed later
in this chapter. These special purpose tubes
are designed to isolate the oscillator circuit
more effectively from the RF signal frequen-
cies. For that reason they are helpful in reduc-
ing oscillator pulling.

Mixer

Notice the wvarious mixers and various
methods of injection shown in the illustra-
tion on page 32. Both pentodes and triodes
can be used as mixer tubes.

At A, the output of a tuned grid oscillator
is inductively coupled to the cathode circuit
of the mixer. At B, a modified electron
coupled Hartley oscillator is capacitively
coupled to the control grid ot the mixer. The
oscillator uses a pentode instead of a triode
because with the pentode there is less likeli-
hood of pulling. At C, a tuned grid oscillator
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is conductively coupled to the screen grid of
the mixer. At D, the output of the oscillator
is taken from the oscillator control grid and
connected directly to the suppressor grid of
the mixer.

An advantage of suppressor grid injection
is that the screen grid acts as a shield between
the oscillator signal and the RF input signal
(applied to the mixer control grid). This re-
duces pulling. However, with suppressor grid
injection, the suppressor grid of the mixer is at
the potential of the oscillator control grid. This
puts negative voltage on the suppressor grid
and lowers the gain of the mixer tube.

Pentagrid Mixer

A multielement tube called the pentagrid
may be used as a mixer or as a converter. The
five grids of the pentagrid tube are shown in
the pentagrid mixer diagram below. Counting
up, the first and third grids are the first and
second control grids. The second and fourth
grids, joined within the tube, are the inner and
outer screen grids. The fifth grid, joined to the
cathode within the tube, is the suppressor grid.
The oscillator voltage is injected at the second
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control grid, which is isolated from the first
control grid and from the plate by screens.
Thus, pulling on the oscillator is kept to a
minimum. The RF signal voltage is introduced
at the first control grid. Both control grids
affect the flow of current from cathode to
plate so that the signals of both grids are re-
produced in the mixer output.

Pentagrid Converter

For low frequencies, where electrode inter-
action is relatively less important, the penta-
grid can be used as a converter. In this use,
it combines mixer and oscillator functions in
a single tube, as shown in the diagram above.
The oscillator section of the tube is composed
of cathode, first control grid, and the com-
bined screen grids (as the anode). Feedback
to maintain oscillation is provided by the
autotransformer action of tapped coil L1-L2.
Current flowing to the cathode through L1
induces the feedback in L2. The oscillator
voltage appearing on the first control grid
affects the flow of current through the tube.
The RF signal voltage is applied to the second
control grid.
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Conversion Gain

The efficiency of a conversion stage 1is
calculated in terms of the ratio of IF output
in the plate circuit of the mixer to the RF
signal voltage input on the grid of the mixer.
The conversion gain is usually about 0.3 of
the normal gain of the tube when used as an
IF amplifier.

Oscillator-Mixer Tracking

Notice that in all the frequency conversion
circuit diagrams shown before the variable
capacitor of the oscillator tuned circuit is
ganged with a variable capacitor of an RF
tuned circuit. This makes the oscillator tuned
circuit track with the RF tuned circuit. The
difference frequency is the IF. In addition to
the ganged variable capacitors, the pentagrid
converter circuit has small variable padder and
trimmer capacitors. These can be adjusted to
assure that the ganged circuits maintain the
correct difference frequency throughout the
tuning range. The trimmer, a parallel capac-
itor, has its greatest effect at the high end of
the band. The padder, a series capacitor, has
its greatest effect at the low frequency end of
the band.
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CAPACITY | FREQUENCY
COMPONENT| COMPONENT size | L7 s
fa] 40-360 MMF 19 13
(o] 40-360 MMF 19
o 500 MMF
(variable)
e EFFECTIVE VALUE | ABOUT ABOUT
37210 MMF 1:5.6 1:2.36

Padder in Oscillator Tracking

You can see how the padder capacitor is
important from the above circuit diagram and
the accompanying chart. C1 and C2 are the
ganged capacitors. Each has the same range
of capacitance (40-360 mmf). However, each
does not tune across the same range of fre-
quencies. The oscillator circuit tracks higher
than the RF circuit by a frequency difference
equal to the IF. Therefore, if the frequency
coverage of the receiver is 1 to 3 mc and the
IF is 465 ke, then the oscillator covers from
1.465 mc to 3.465 mc. The tuning ratio of the
RF circuit, low to high frequency, is 1:3. The
tuning ratio of the oscillator is 1:2.36. The
capacity ratio of both ganged capacitors is the
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Trimmer in Oscillator Tracking

129.
Since frequency is inversely proportional to

same

the square root of the capacitance f = (———_),
2r\LC
there is a match between a tuning ratio of 1:3
and a capacity ratio of 1:9 for capacitor C1.
However, for capacitor C2, the tuning ratio of
1:2.36 does not match the capacity ratio of
1:9. Therefore C3 is added as a padder. The
addition of capacitor C3, 500 mmf (variable),
makes the range of C2 and C3 together vary
between 37-210 mmf. This is a capacity ratio
of 1:5.6. The combination is a good match for
the tuning ratio of the oscillator of 1:2.36.
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Padder and Trimmer in Oscillator Tracking

Note that adding the padder affects the high
frequency end of the band (the low capacity
end) very little. It merely changes the capac-
ity from 40 mmf to 37 mmf. At the low fre-
quency (high capacity end. however, it affects
the capacity considerably. It changes the ca-
pacity from 360 mmf to 210 mmf.

Now examine the circuit diagram and chart
showing the use of a trimmer. C1 and C2 are
the same capacitors shown in the padder cir-
cuit. C3 is the trimmer in parallel with C2.
Its value is 30 mmf. The parallel combination
of C2 and C3 has the effective range of 70-390
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mmf. Thus the capacity ratio is 1:5.6, which
matches the frequency ratio of the oscillator
tank circuit of 1:2.36. Note that, proportion-
ately, the trimmer capacitor affects the low
frequency (high capacity) end much less than
it affects the high frequency end. It changes
the high frequency (low capacity) end from
40 mmf to 70 mmf.

To see how both padder and trimmn.er are
used together, examine the circuit and chart
at the left. Adding C3, a trimmer of 3 mmf
(variable), and C4, a padder of 500 mmf
(variable), produces a combination with an
effective range from 40 mmf to 210 mmf.
This is a capacity ratio of about 1:5.2 which
matches the frequency ratio of 1:2.3 for the
oscillator tuned circuit. Trimmers and padders
are adjustable to permit tracking at both
ends of the frequency range.

IF AMPLIFIER

An IF amplifier is basically an RF amplifier
with a fixed tuned input and output. The
tuned circuits act as bandpass filters, ac-
cepting the IF but rejecting other frequencies.
Since they are fixed tuned, the tuned circuits
have constant Q. With variable tuned cir-
cuits, like those in the TRF, Q varies with
frequency. Response may be too sharp at one
end of the frequency band and too broad at
the other. In a superheterodyne, the response
is more uniform because the IF circuits are
fixed tuned. In addition, these fixed tuned
circuits provide high selectivity and sensi-
tivity.

Most IF transformers are double tuned with
both a tuned primary and a tuned secondary.
When less selectivity is desired, the primary
is untuned. For greater selectivity, a third
tuned circuit is sometimes inserted between
primary and secondary.

The IF transformers used in any particular
set may all be identical or they may vary from
stage to stage depending on the design ot the
set. In one stage, for example, a higher or
lower I, C ratio may be required in order to
match impedances. Coils are shielded to pre-
vent stray coupling.

The tuned circuits are fixed tuned by screw-
driver adjustment. The adjustable component
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may be a capacitor or a coil. Most receivers de-
signed for military use have an adjustable core
in the coil. This type of tuning is called
permeability tuning. With this type of tuning,
the components are more compact, and there
are no open capacitor plates to vibrate, cor-
rode, or gather moisture.

The amplifier tube is usually a variable-mu
pentode. It is necessary that it be variable-mu
to provide for AVC action.

Study the circuit diagram showing a typical
IF amplifier stage. A constant DC cathode
bias is developed across R and C. C bypasses
the AC component of the current. R2 is a
dropping resistor for the screen voltage. Both
screen and suppressor are grounded for RF.
The screen is grounded through C2, and tne
suppressor is grounded through C of the
cathode circuit. Thus, both grids act as a
shield between plate and control grid. R1 and
C1 form a filter circuit to smooth out the AVC
voltage so that audio modulation is not fed
to the control grid along with the AVC.

The number of such stages used in a super-
heterodyne receiver depends on operating fre-
quency and on the amount of gain desired.
At higher frequencies, sensitivity and selec-
tivity decrease and more stages are required.
Receivers for the UHF and VHF ranges may
have many IF stages.

ANALYSIS OF THE SUPERHETERODYNE

To get an overall view of a typical super-
heterodyne receiver, examine the complete
schematic diagram on page 38. Two special
purpose tubes are used. The pentagrid con-
verter functions as local oscillator and mixer.
The variable tuned circuits are ganged for
oscillator tracking. Trimmer capacitors C1
and C2 and padder capacitor C3 are included
to help in tracking. They are screwdriver
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adjustable. R1 provides about 3 volts grid
leak bias for the local oscillator. IF trans-
former T2 selects the IF frequency and ap-
plies it to the grid of the IF amplifier.

The second special purpose tube, a 6SQ7,
serves as a detector, an AF voltage amplifier,
and an AVC rectifier.

The detector filter is formed by load re-
sistors R5 and R6 and RF bypass capacitors
C13 and C14. C15 and R7 make up the RC
circuit that supplies the audio voltage to the
grid of the first AF amplifier.

The volume control system includes MVC
and AVC. MVC is made possible by potentio-
meter R6.

Filters formed by C6-R2 and C8-R4 elimi-
nate modulation from the AVC voltage fed
back to the grids of the converter and IF
amplifier.

The power supply uses a full wave rectifier
tube, with a capacitor input filter composed of
L, C19, and C18, an arrangement used in most
AC operated receivers. R12 and R13 form a
voltage divider and bleeder circuit. Screen
voltages for the converter and 1F amplifier are
taken from this divider. Capacitor C10 keeps
the screens of both tubes at RF ground po-
tential. Note the plate and screen voltages
applied to the power amplifier. B+ is applied
directly to the screen but has to go through
transformer T4 to reach the plate. Because of
the voltage drop across the plate transformer,
the screen voltage is slightly higher than the
plate voltage.

The AF output of the 1st AF amplifier is
capacitively coupled to the power amplifier.
The value of the coupling capacitor C16 and
resistor R10 are such that they pass the lowest
desired audio frequency. R11 provides bias
for the power amplifier. Note that R11 is not
bypassed by a capacitor. Thus there is de-
generative feedback, providing greater fidelity.
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PARTS LIST, TYPICAL SUPERHETERODYNE RECEIVER

'

g VALUE (mfdctﬁupl:scs”o?:esrwiso stated) DESCRIFTION
a 10 to 30 MMF ANTENNA TRIMMER
c2 10 to 30 MMF OSCILLATOR TRIMMER
a 500 (max) MMF OSCILLATOR PADDER
ca 500 MMF OSCILLATOR COUPLING
cs, 7,11, 12 10 to 30 MMF IF TRIMMERS
cé6 0.05 RF BYPASS
c8 0.1 AVC FILTER
c9 2.05 CATHODE BYPASS
co 0.05 SCREEN GRID BYPASS
c13 0.00025 DIODE LOAD RF FILTER
c1a 0.05 RF BYPASS
c15 0.005 AF COUPLING
c16 0.01 AF COUPLING
a7 0.1 AF BYPASS
c18, 19 8-8, 450V DUAL ELECTROLYTIC FILTER
€20, 21 0.05 LINE NOISE FILTERS
c 350 MMF GANGED TUNING
Co 350 MMF GANGED TUNING
RESISTORS
" NUMBER VALJE (oens! DESCRIPTION
R1 20K, 2 W (watt) OSC GRID LEAK
R2, 4 2 MEG, 2 W DECOUPLING
R3 250, 2 W CATHODE BIAS
R1 250, 1 W CATHODE BIAS
RS 250K, 2 W DIODE LOAD
R6 250K DIODE LOAD AND VOLUME CONTROL
R7 10 MEG, 2 W Ist AF AMP GRID LOAD (OR LEAK)
R8 250K, 2 W Ist AF AMP PLATE LOAD
R9 50K, %2 W DECOUPLING
R10 500K, 2 W 2d AF AMP GRID LOAD
R12 10K, 10 W SCREEN SERIES DROPPING AND BLEEDER
R13 15K, 10 W BLEEDER
TRANSFORMERS AND CHOKES
RZFS:AZ'ERCE cot D(CO:,E,,S,',STANCE DESCRIPTION
n PRI —22 ANTENNA
SEC— 5
12 PRI —20 455 KC
SEC—20 INPUT IF
3 PRI —20 455 KC
SEC—20 OUTPUT IF
T ::'c:“og RA OUTPUT AF
15 PRI —110V, 2 OHMS POWER TRANSFORMER

SEC—350-0-350V, 400 OHMS

5.0V FILAMENT, 1 OHM
6.3V FILAMENT, 1.5 OHMS

50 OHMS (10 HENRIES)

POWER SUPPLY FILTER®
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CHAPTER

COMMUNICATIONS RECEIVER

The communications classification covers a
multitude of receivers. Though communica-
tions receivers may be less numerous than
broadcast receivers, they show much greater
variety in design and purpose. Communica-
tions receivers may be TRFs or superhetero-
dynes. They may have switching and tuning
arrangements for operation on several bands,
or they may be fixed tuned for operation at
a single frequency. Communications receivers
may incorporate manual tuning or automatic
tuning and may receive AM, FM, or pulse
transmissions. Communications receivers may
receive CW, tone, or voice modulation. They
may be used for navigation, direction finding,
or for aircraft instrument landings.

In spite of this great diversity, a super-
heterodyne receiver, basically very much like
the one just studied, can serve as a typical
communications receiver. Most communica-
tions receivers are superheterodynes. Many
operate in the frequency range between 2.0
and 25 mc, although the use of VHF and UHF
for communications is becoming more and
more important. The greater number are
commercial receivers, though many are man-
ufactured expressly for military use. Most
have provision for CW reception, as well as
tone and voice.

Examine the block diagram of a typical
communications receiver. Most of it should
look familiar. Note, though, that two oscil-
lator stages are represented. The heterodyne
oscillator is called the high frequency oscillator
(HFO). The other oscillator is called the beat
frequency oscillator (BFO). The output of the
BFO beats against the IF signal to produce
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a difference frequency in the audio range.
Note, too, the crystal filter. It provides IF
selectivity and is part of the fixed tuning ar-
rangement of the IF section. The noise limiter
and squelch stages are used to combat noise
and increase the effective sensitivity of the
receiver. The tuning indicator is included to
provide simpler, more accurate tuning.

All these special circuits, as well as others
not shown in the block diagram, are important.
Each of them deserves a detailed explanation.
Two specific receivers used by the Air Force
are discussed at the end of the chapter.

CRYSTAL FILTER

The crystal filter acts as a selective coupling
between the converter and the first IF ampli-
fier. A crystal can be used as a filter, because
it acts as a series-tuned resonant circuit. Be-
cause of its very high Q, the crystal filter
passes a much narrower band of frequencies
than the best conventional tuned circuits. It
may pass a band as narrow as 1,000 cycles or
less while the narrowest band passed by IF
tuned circuits is about 5 kec. Therefore, it is
used effectively for CW reception.

The crystal filter is usually controlled by
a switch so that its use can be optional. Be-
cause of its high selectivity, the filter rejects
signals close to the desired signal. Also, be-
cause of its selectivity it reduces the amount
of noise in the receiver output. Since the
crystal filter acts as a high Q series resonant
circuit tuned to the intermediate frequency,
it permits high current flow at the resonant
frequency and sharply attenuates other fre-
quencies.
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Equivalent Circuit

Examine the equivalent circuit of the
crystal and crystal holder. The components
L, C1, and R represent the crystal series
resonant circuit. C2 represents the parallel
capacitance of the crystal holder. Thus, the
crystal at series resonance offers a short circuit
path to the desired frequency and a high
impedance path to other frequencies. How-
ever, the crystal holder capacitance, C2,
shunts the crystal and offers a path to un-
desired frequencies. In a practical crystal
filter circuit some means must be provided to
counteract the shunting effect of the crystal
holder. To see how this is done, look at the
actual circuit diagram of the crystal filter
circuit at B.

Variable capacitor C5, called the phasing
capacitor, counteracts the holder capacitance
(C2 in the diagram at A). C5 can be adjusted
so that its capacitance equals the capacitance
of C2. Then both C2 and C5 pass undesired
frequencies equally well. The voltages across
them due to undesired frequencies are equal
and 180° out of phase since the secondary of
the input transformer is centertapped. There-
fore, undesirable voltages cancel, and unde-
sired signals are not applied to the grid of the
IF amplifier.

Actually, there is only one frequency in the
filter’s pass band at which total cancellation
takes place. This occurs at the frequency at
which C5’s capacitive reactance equals that
of the effective capacitance of the holder-
crystal combination. Since the crystal’s im-
pedance varies with frequency, the effective
capacitance of the holder-crystal combination
also varies. However, C5 can be adjusted to
cause exact cancellation at any frequency
within the pass band except for frequencies

L (@] R

o—— ——o

I¢
LAY

C2

Mounted Crystal Equivalent Circuit
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very close to the crystal’s resonant frequency.
This cancellation effect is called the rejection
notch.

To understand why the rejection notch may
be positioned as desired by varying C5, the
effective impedance of the holder-crystal com-
bination must be considered. At the crystal’s
series resonant frequency, its capacitive and
inductive reactances are equal and effectively
cancel. As the frequency is increased, the in-
ductive reactance increases while the capac-
itive reactance decreases so that the crystal’s
impedance becomes inductive. At some fre-
quency slightly higher than the crystal’s series
resonant frequency, this net inductive reac-
tance of the crystal equals the capacitive re-
actance of C2. This is the parallel resonant
frequency of the holder-crystal combination.
At still higher frequencies, the net inductive
reactance of the crystal exceeds the capaci-
tive reactance of C2 so that the impedance of
the holder-crystal combination becomes ca-
pacitive. C5 can be adjusted to be equal to
this effective capacitance. Thus, the rejection
notch can be positioned at frequencies above
the holder crystal combination’s parallel res-
onant frequency.

At frequencies below series resonance, the
crystal’s capacitive reactance exceeds its in-
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ductive reactance and the net crystal im-
pedance is capacitive. This capacitance, paral-
leled with C2, causes the holder-crystal com-
bination’s impedance to be capacitive.

Thus, the effective impedance of the holder-
crystal combination is capacitive at frequen-
cies below the crystal’s series resonant fre-
quency and at frequencies above the holder-
crystal combination’s parallel resonant fre-
quencies. C5 can be adjusted, then, to equal
the effective capacitance of the holder-crystal
combination and to position the rejection
notch at the desired point.

Response Graph

Now look at the response graph for the
crystal filter on page 44. The crystal is series
resonant to 465 kc, the IF. At that frequency,
the relative gain is 1000. At 461 kc, and at 469
ke, the relative gain is only 1. The decibel loss
is 60, as compared to the response at 465 kc.

The rejection notch is positioned at 463 kc.
Thus the relative gain of the crystal filter to
463 kc is also 1, and the relative loss in dec-
ibels is 60.

The rejection notch can be used to good
advantage, since it will aid in making the
receiver’s response very selective. For ex-
ample, the BFO can be set at a frequency of
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464 kc. Then for CW reception, the BFO out-
put combines with the IF output of 465 ke to
produce a 1-kilocycle audio tone. However, if
there were no rejection notch, the BFO output
could also combine with a frequency of 463
ke to produce a 1-kilocycle audio tone. With
the rejection notch in the crystal filter’s
response curve, a frequency of 463 kc is
blocked. Thus, while the narrow band-pass of
the crystal filter circuit makes the receiver’s
response highly selective, in addition, the re-
jection notch can be used to attenuate a strong
undesired signal that falls within the pass
band.

Q of Crystal Circuit

The Q of a crystal is naturally very high.
This means that while the impedance it pre-
sents to its series resonant frequency is low,
the impedance presented to other frequencies
is comparatively very high. Thus, at the de-
sired frequency, the crystal could be repre-
sented by a small impedance, and at other
frequencies, by a large impedance. However,
the ratio of these crystal impedances to the
impedance across which the output of the
crystal circuit is developed must be carefully
selected if the filter is to operate efficiently.
For example, if the series resonant impedance

could be presented by 100 ohms, and its im-
pedance to an undesired frequency by 10,000
ohms, then the impedance across which its
output is developed should be closer to 100
ohms than 10,000 ohms. If the impedance
across the output were 10,000 ohms, then
one-half of the voltage at the undesired
frequency would be dropped across the
crystal and one-half across the output. At
the desired frequency, 1 /100 of the total
voltage would be dropped across the crystal
and 99 100 would be dropped across the
output. Since the undesired signal is cut
to only one-half of its value, the filter is not
functioning very effectively. If, however, the
impedance across which the crystal’s output
is developed were 100 ohms, then 99 100 of
the undesired signal voltage would be dropped
across the crystal and only 1 100 would be
present in the output. This would be efficient
filtering action.

Obviously, the impedance across the output
of the filter circuit must be carefully chosen,
since it helps to determine the band of fre-
quencies which will be passed by the crystal
filter circuit. At B in the circuit diagram of
the crystal filter circuit shown previously,
note that the crystal output is tapped down
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on the coil of the tank circuit. By tapping
down on the tank circuit, a suitable output
impedance can be selected.

By varying the output impedance, the
effectiveness of the filter can be varied. This
offers a means of controlling the bandpass of
the filter circuit. In the circuit shown above,
the setting of the selectivity control deter-
mines the effective Q of the tuned circuit
across which the crystal filter’s output is
developed. By varying the Q, the total im-
pedance of the parallel resonant circuit is
varied. This controls the effectiveness (and
thus bandwidth) of the filter and provides
positive selectivity control.

COMMUNICATIONS RECEIVER AVC
CIRCUITS

Communications receivers use manual gain
control (MGC), manual volume control
(MVC), and automatic volume control (AVC).
The circuits you studied before in connection
with TRF receivers are generally applicable.
Communications receivers also use a type of
volume control called delayed automatic volume
control (DAVC), and a type called delayed
and amplified automatic volume control.

Delayed AVC

The AVC voltage normally is in direct pro-
portion to the strength of the detected signal.
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Even the weakest signal produces a slight
negative voltage. With AVC, this results in
a slight loss in amplification. Such reduction
in the amplification of weak signals is un-
desirable, because such signals are difficult to
read at best.

To correct this situation, delayed volume
control is used. Delayed volume control is
a method which exempts weak signals from
automatic volume control and allows them
full amplification. DAVC goes into action
only when signals exceed a set minimum sig-
nal strength.

Look at the typical DAVC circuit shown
on page 46. Operation of DAVC requires a
diode. In the circuit diagram, the diode of a
multipurpose tube is used. In the one envelope
is included a diode section for detection and a
diode section for DAVC. The detector section
uses plate D1 as its diode plate. The DAVC
section uses plate D2.

In the diagram, the parts of the circuit im-
portant to DAVC action are shown in heavy
outline. The IF signal is applied to both diode
plates simultaneously. Plate D1 conducts im-
mediately when the IF voltage swings positive.
As a result, an AF voltage is developed across
R1 as the current flow returns to the cathode.
Plate D2, however, does not begin to conduct
at the same time as D1. Plate D2 does not
conduct until the voltage applied to it is high
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enough to offset the voltage drop across R2.

When D2 does draw current, C1 charges on
the positive swing (becomes negative at the
bottom in respect to the top). On the negative
swing, C1 discharges down through R3. This
action is repeated for each cycle of the IF. The
voltage drop across R3 is used for the AVC
voltage. It is fed back to the grid circuits of
the amplifier stages to reduce gain. R4 and C3

witHout 7/
AVC ~/
7 e

OUTPUT VOLTAGE

INCOMING SIGNAL STRENGTH

A IDEAL

B SIMPLE AVC

C DAVC — FEW TUBES CONTROLLED
D DAVC—MORE TUBES CONTROLLED
E DELAYED AND AMPLIFIED AVC

AVC Response Curves
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form a filter to remove RF and AF com-
ponents. Since D2 does not conduct until the
voltage is high enough to overcome the bias
on R2, there is no AVC in operation until the
signal strength is greater than the voltage drop
across R2. Above that value, normal AVC
voltage is developed. This means that AVC
action takes place only for strong signals. The
voltage applied to the first audio amplifier
(the triode section of the twin diode-triode)
is taken from across R1, the detector load.

Delayed and Amplified AVC

An ideal DAVC should operate so that weak
signals get full amplification while strong sig-
nals are held to a satisfactory, uniform level.
Such an ideal AVC response is shown at A of
the graph at the left. B shows the response of
simple AVC. C shows the response of DAVC
when only a few stages are controlled. D shows
DAVC with more tubes controlled. E shows
the response of a special kind of DAVC called
delayed and amplified AV C. Its response comes
quite close to the ideal. To see how this is
achieved, study the circuit for delayed and
amplified AVC.
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V1 is the detector. V3 is a separate DAVC
tube. The IF signal is applied to V1 for detec-
tion. It is also applied to V2, an IF amplifier
used to provide a separate channel for the
DAVC circuit. The output of this amplifier
is applied to the DAVC diode. Because of the
separate channel IF amplifier, the IF signal
applied to the DAVC diode is stronger than
the signal applied to the detector diode. As a
result, the AVC voltage taken across R2 in-
creases more rapidly than the signal strength
applied to the detector. Thus, with proper
gain in V2, the response to strong signals is
almost constant.

Use of AVC for CW Reception

Special precautions to maintain high sensi-
tivity must be taken when AVC is used for
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reception of CW signals. The BFO, which
makes CW reception possible, produces a
strong signal which plays its part in forming
the AVC voltage. Thus, the BFO helps to re-
duce gain. This reduction in gain becomes ex-
cessive unless special measures are taken. The
CW switch shown in the circuit diagram on
page 48 permits two precautionary measures.

The switch has three positions. In the A
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