CHAPTER FOUR

Radio Receiver Theory

A radio receiver may be defined as a de-
vice for reproducing in the form of useful
output the intelligence conveyed by radio
waves applied to it. Usually an antenna is a
necessary adjunct to the receiver. The an-
tenna will not be discussed in this chapter,
however, as the function and design of an-
tennas is thoroughly covered in Chapter 20.

Receiver Tubes, The tube manufacturers
have been lavish in their production of tubes
for use in radio receivers. Many similar
tubes are made in different forms, such as
metal tubes, glass tubes with standard bases,
glass tubes with octal bases similar to those
used on metal tubes, glass tubes with tubular
envelopes, glass tubes encased in metal shells
and fitted with octal bases and tubes with
similar characteristics but differing in their
heater or filament voltage and current
ratings. Some tubes are designed for dry-
battery filament supply, others for automo-
bile service and another group for operation
from an a.c. source.

In general, there are certain distinect classes
of tubes for particular purposes. Screen-
grid tubes were primarily designed for radio-
frequency amplifiers, yet they are often
employed for regenerative detectors, mixers
and high-gain voltage audio amplifiers.
General purpose triode tubes are used as
oscillators, detectors and audio amplifiers.
Power triodes, tetrodes and pentodes are em-
ployed for obtaining as much power output
as possible in the output audio amplifier
stage of a-radio receiver. Diodes are de-
signed for use as power supply rectifiers,
radio detectors, automatic volume control cir-
cuits and noise suppression eircuits. In
addition to these general types of tubes,
there are a great many others designed
for some particular service, such as oscillator-
mixer operation in a superheterodyne re-
ceiver.

Vacuum tubes require a source of power
for the filament and other electrodes. Cer-
tain components in a radio receiver are for
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the purpose of supplying direct-current
energy to the electrodes of the tubes, such as
the plate and screen circuits. In nearly all
circuits, the control grid of the vacuum tube
is biased negatively with respect to the
cathode, for proper amplifier action. This
bias is obtained in several ways, such as
from a self-biasing resistor in series with
the cathode, fixed bias from the power sup-
ply or grid leak bias for some oscillators
and detectors.

By-pass and coupling condensers are found
in different portions of the circuits through-
out a radio receiver. By-pass condensers
provide a low impedance for r.f. or audio
frequencies around such components as re-
sistors and choke coils. Coupling condensers
provide a means of connection between plate
and grid circuits in which the d.c. voltage
components are of widely different values.
The coupling condenser offers an infinite im-
pedance to the d.c. voltages, and a relatively
low impedance to the r.f. or a.f. voltages.

Screen-grid tubes have a higher plate im-
pedance than triodes and, therefore, require
a much higher value of plate load impedance
in order to obtain the greatest possible
amount of amplification in the audio or radio
circuits. Screen-grid tubes are normally
used in all r.f. and i.f. amplifiers because the
control grid is electrostatically screened from
the plate eircuit. Lack of this screening
would cause self-oscillation in the amplifier;
when triodes are used in radio-frequency
amplifiers, the grid-to-plate capacities must
be neutralized. The r.f. amplification from
a triode amplifier in a radio receiver is so
much less than can be obtained from a screen-
grid tube amplifier that triodes are no longer
used for this purpose.

Detection. All receivers use some sort of
detector to make audible the intelligence im-
pressed on the radiated carrier wave at the
transmitter. The process of impressing the
intelligence on the carrier wave is known as
modulation, and as the detector separates this
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The detector may be either a
mineral such as galena or carborundum, or
Figure 1 shows such ANT.
a receiver using a diode vacuum tube as a
. The sensitivity of this receiver,
or in other words its ability to make audible
weak signals, would be very low, but it is f
useful to illustrate the basic action of all =
Teceivers. Figure 1.
Resonant Circuits such as are formed by DIODE DETECTOR RECEIVER
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duced in the antenna is caused to pass  pigh i
through a coil, such as L in figure 1, a volt-
age is induced across the coil. It will be i
recalled from chapter 1 that this voltage
across the coil is equal to the product of the
current and the impedance of the coil. The
impedance of a non-resonant coil such as Ly
is made up principally of its reactance. This
reactance is a function of the coil dimensions
and the frequency of the impressed current
Coils L; and L, in figure 1 are said to
be inductively coupled, as radio-frequency
energy is transferred from one to the other
in Lz.

Thus, it may be seen that at its

mary and secondary

resonant frequency the voltage across a tuned
by virtue of the fact that the alternating in-
ductive field around L, links and unlinks

ﬁgure 1.

cireuit may be very much higher than what
might be expeeted from looking at the dia-
The voltage step-up in the tuned ecircuit
is illustrated by the drawings representing

gram and assuming that a simple trans-
former action took place between the pri-
with the turns of Ly, thus inducing a voltage
Disregarding the tube, V, for the moment
the current flowing through L, of figure 1
is limited by the reactances of the coil and

condenser C. The reactance of the coil in-
creases with frequeney while the reactance of

the modulated ecarrier wave above the dif-
the variable condenser decreases with fre-

ferent portions of the receiver circuit in

“A” represents the radio signal as
it is picked up at the antenna, while “B”
through the tuned eireuit
quency. TFor any setting of C there is a
frequency at which the capacitive reactance
and the inductive reactance are equal

represents the same wave considerably in-

These

At resonance the current flowing back and

creased in amplitude after it has passed
coil.

two reactances are opposite in effect and
neutralize each other at this frequency, re-
and a condition known as resonance.

Rectification of the radio-frequency carrier

is passed through the earphones

a pulsating d.c. voltage as illustrated at “C”
sulting in a ecircuit having zero reactance,

takes place in the diode vacuum tube, V, and

The pulsa-
forth between L, and C is limited only by

tions in this voltage correspond to the modu-
their resistances, and since the resistance of
modern condensers is very small, the current
is actually I%mited by the resistance of the

lation voltage originally placed on the
carrier wave at the transmitter
the carrier
The high radio-frequency (r.f.) cur-

As the
the impedance of the circuit

causes an r.f, voltage to be developed across
them equal to the product of the current and

diaphragms in the earphones vibrate back
and forth following this pulsating d.c. volt-
Regenerative Receivers

age they audibly reproduce the modulation on
s
rent flowing through the coil and condenser

The Triode Detector

i As the im-
pedance of the parallel tuned eireuit at res-
?

. The simple re-
ceiver shown in figure 1 would be an ex-
tremely poor one, being suitable for use only

in the immediate vicinity of a transmitting
station. The sensitivity of the receiver may
be increased considerably by replacing the
diode detector by a triode in a regenerative
detector circuit as shown in figure 2
years.
onance is high, the voltage across it is also 1

The regenerative receiver has been quite
popular in hlgh-frequeney work for many

It combines high sensitivity, simplie-
ity, low cost, good signal-to-noise ratio and
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Figure 2.
TRIODE REGENERATIVE DETECTOR.

The regenerative detector makes the simplest
practical high-frequency receiver.

reliability. Its principal disadvantage, how-
ever, and the one which has caused it to as-
sume a secondary role in the high-frequency
receiver picture, 1s its lack of selectivity when
subjected to large signal inputs.

Operation. The regenerative detector,
diagrammed in figure 2, operates as follows:
In the absence of a signal in the input cir-
cuit and with the proper voltages applied to
the filament and plate, the plate current as-
sumes a value near the upper bend of the
tube’s plate characteristic. When a signal
voltage is applied across the input cireuit the
plates on the coil side of the grid condenser,
C, become positive (lose some of their
electrons) each half-cycle of the signal volt-
age. When this side of the grid condenser
goes positive, electrons from the filament
flow to the grid and into the plates on the
grid side of C, the resulting excess of elec-
trons trapped on the grid causing it to as-
sume a negative potential and reducing the
plate current.

To prevent the grid from becoming more
and more negative as electrons accumulate
on the condenser, a high-resistance grid leak,
R, is connected across the condenser. This
resistor allows the negative charge on the
grid to become eumulative only during the
number of r.f. eycles that constitute one-half
an audio cycle, thus allowing the plate cur-
rent to follow the modulation on the im-
pressed signal. This type of grid-leak de-
tector gives high audio output, since rectifi-
cation takes place in the grid ecirenit and the
amplifying properties of the tube are uti-
lized. Unfortunately, however, this type of
detector is prone to give rather high distor-
tion when signals having a large percentage of
modulation are impressed on it. The grid-
leak detector is not limited to triodes; either
tetrodes or pentodes may be used, these gen-
erally having greater sensitivity than the
triodes.
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REGENERATIVE DETECTOR CIRCUITS.

These circuits illustrate some of the more popular
regenerative detectors. Values of one to three
megohms for grid feaks are common. The grid
condenser usually has a capacity of .0001 ufd.,
while the screen by-pass is 0.1 wfd. Pentode
detectors operate best when the feedback is ad-
justed so that they start to oscillate with from
30 to 50 volts on the screen grid.

For the reception of ¢.w. (constant-wave
telegraphy) signals, it is necessary to provide
some means of securing a heterodyne, or
“beat note” with the incoming signal. In the
autodyne detector this is done by coupling
some of the radio-frequency energy in the
plate cireuit back into the grid cireuit and
allowing the tube to oscillate weakly. The
feedback or tickler, coil, L,, is closely coupled
to the grid coil and thus provides the feed-
back necessary to make the stage oscillate.
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R.F. AMPLIFIER CIRCUIT.

An r.f. amplifier ahead of the regenerative detector
will increase the receiver's selectivity and
sensitivity.

Since the detector is most sensitive on the
edge of oscillation, a variable condenser, C,,
may be used as a variable plate by-pass to
adjust the detector for its most sensitive con-
dition. This condenser is called a “throttle
condenser,” or regeneration control.

With the detector regemerative, that is,
with feedback taking place, but not enough
to cause oscillation, it is also extremely
sensitive. When the circuit is adjusted to
operate in this manner, modulated signals
may be received with considerably greater
strength than when the detector is in a non-
regenerative condition.

Other Regenerative Detectors. The cir-
cuit shown in figure 2 is by no means the only
one which will give satisfactory results as a
regenerative detector. There are several meth-
ods by which regeneration may be obtained,
and also several alternative methods of con-
trolling the regeneration. In tubes with an
indirectly-heated cathode, regeneration may
be obtained by tapping the cathode onto the
grid coil a few turns up from the ground end
or by returning the cathode to ground
through a coil coupled to the grid winding.
With tetrode or pentode tubes, feedback is
sometimes provided by connecting the
sc;{aen, rather than the plate, to the tickler
coil.

Alternative methods of eontrolling regen-
eration consist of providing means for varying
the voltage on one of the tube elements,
usually the plate or secreen. Examples of
some of the possible variations in regener-
ation and control methods are shown in fig-
ure 3.

Amplifier Stages

The sensitivity and selectivity of the re-
ceiver may be increased by adding a tuned
radio-frequency amplifier between the de-
tector and the antenna. The radio-frequency
(rf.) amplifier stage increases the strength
of the r.f. voltage applied to the detector, and

o

Figure 5.
CAPACITY COUPLING BETWEEN STAGES.

This type of coupling circuit is often used at ultra-
high frequencies when it is desired to have a high
impedance plate foad for the r.f. stage.

thus the receiver with an r.f. stage is capable
of giving a useful audio output on signals
much weaker than those which represent the
minimum useful level of signal strength for
the detector alone. The addition of the tuned
circuits required in the r.f. amplifier also in-
creases the selectivity of the receiver.

Audio frequency amplifiers may be added
fter the detector to enable weak signals which
ave been detected to be amplied sufficiently

to actuate the sound producing mechanism in
the headphones or speaker.

Radio Frequency Amplifiers, A typical
tuned radio-frequency amplifier connected
ahead of a regenerative detector is shown in
figure 4. A pentode tube is used in the r.f.
stage with a tuned grid circuit and inductive
coupling from the antenna and to the detector.
Capacitive coupling eould be used in both in-
stances, but in the case of the coupling
between stages a high-impedance radio-
frequency choke would have to be connected
to the plate of the r.f. stage to allow plate
voltage to be applied to the tube. A capacity-
coupling system whi¢h allows the r.f. choke
to be dispensed with is shown in figure 5.
This cireuit is often used at ultra-high fre-
quencies where a high-impedance resonant cir-
cuit in the plate of the r.f. tube is desired in
order to obtain greater amplification.

The dotted line running between condens-
ers C; and C, in figure 4 indicates that their
rotor shafts are mechanieally eonnected (or
ganged) together so that both tuned cireuits
may be resonated to the desired signal with
but a single dial. When the r.f. stage is
separate from the receiver and its tuning con-
trol is not ganged with that of the receiver
proper if is commonly known as a preselector.
A preselector may be added fo any receiver
but it is most often used with the super-
heterodyne type.

The amplification obtained in an r.f. stage
depends upon the type of ecircuit which is
used ; if the plate load impedance can be made
very high, the gain may be as much as 200
or 300 times that of the signal impressed across
the grid circuit. Normal values of gain in the
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Figure 6.
REGENERATIVE R.F. AMPLIFIER CIRCUIT.

The use of regeneration in an r.f. stage allows
greater amplification to be obtained at the expense
of an increase in tube noise.

broadeast band are in the vieinity of 50 times.
A gain of 30 per r.f. stage is considered ex-
cellent for shortwave receivers which have a
range of from 30 to 100 meters. Radio-
frequency amplifiers for the very short wave-
lengths, such as from 50 to 20 meters, seldom
provide a gain of more than 10 times, because
of the difficulty in obtaining high load im-
pedances, and the shunt effect of the rather
high input capacities of most screen-grid
tubes.

Regenerative R.F. Stages. In low cost
receivers and in those where maximum per-
formance with a minimum number of stages
is desired, controlled regeneration in an r.f.
stage is often used. The regenerative r.f.
amplifier increases amplification and se-
lectivity in a manner similar to that of the
regenerative detector. The regenerative r.f.
amplifier is never allowed to oscillate, how-
ever; the greatest amplification is obtained
with the cireuit operating just below the point
of oscillation. Figure 6 shows a regenerative
r.f. stage of the type generally used on the
higher frequencies.

One minor disadvantage of the regenera-
tive r.f. stage is the need for an additional
control for regeneration. A more important
disadvantage is that, due to the high degree
of selectivity obtainable with the regenerative
stage, it is usually impossible to secure ac-
curate enough tracking between its tuning cir-
cuit and the other tuning ecircuits in the
receiver to make single-dial control feasible.
‘Where single-dial control is desired, a small
“trimmer” condenser is usually provided
across the main r.f.-stage tuning condenser.
By making this condenser operable from the
front panel, it is possible to compensate
manually for slight inaceuracies in the track-
ing. A further discussion of regenerative r.f.
stages will be found under the section on
superheterodyne receivers, in which eonnec-
tion they are most often used.

Audio Amplifiers. Audio amplifiers are
employed in nearly all radio receivers. The
audio amplifier stage or stages are usually of

the elass A type, although small class B stages
are used in some receivers. The operation of
both of these types of amplifier was described
in Chapter 3. The purpose of the audio
amplifier is to bring the relatively weak signal
from the detector up to a strength sufficient
to operate a pair of headphones or a loud
speaker. Either triodes, pentodes, or beam
tetrodes may be used, the pentodes and beam
tetrodes usually giving greater output. In
some receivers it is possible to operate the
headphones directly from the detector, with-
out audio amplification. In such receivers a
single audio stage with a beam tetrode or
pentode tube is ordinarily used to drive the
loud speaker. Several representative audio
amplifier arrangements will be found in the
chapter on Receiver Construction.

Superregenerative Receivers

At ultra-high frequencies, when it is desired
to keep weight and cost at a minimum, a spe-
cial form of the regenerative receiver known
as the superregenerator is often used. The
superregenerator is essentially a regenerative
receiver with a means provided to.throw the
detector rapidly in and out of oscillation. The
frequency at which the detector is made to
go in and out of oscillation varies in different
receivers but is usually between 20,000 and
100,000 times a second. As a consequence of
having the detector go in and out of oscilla-
tion at such a rapid rate, a loud hiss is pres-
ent in the audio output when no signal is
being received. This hiss diminishes in pro-
portion to the strength of the signal being
received, loud signals eliminating the hiss en-
tirely.

Detector Operation. There are two sys-
tems in common use for causing the detector
to break in and out of oscillation rapidly. In
one a separate interruption-frequency oseil-
lator is arranged so as to vary the voltage
rapidly on one of the detector tube elements
(usually the plate, sometimes the screen) at
the high rate necessary. The interruption-
frequency oscillator eommonly uses a econven-
tional tickler-feedback eircuit with coils
appropriate for the frequency at which it
operates.

The second, and simplest, type of super-
regenerative detector circuit is arranged so as
to produce its own interruption frequency
oscillation, without the aid of a separate tube.
The detector tube damps (or “quenches”)
itself out of signal-frequency oscillation at
a high rate by virtue of the use of a high
value of grid leak and proper size plate-
blocking and grid condensers. In this type
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of “self-quenched” detector the grid leak is
usually returned to the positive side of the
power supply (through the coil) rather than
to the cathode. A representative self-
quenched superregenerative detector cireuit
is shown in figure 7.

Both types of superregenerative detectors
act as small transmitters and radiate broad,
rough signals unless they are well shielded
and preceded by an r.f. stage. For this rea-
son they are not too highly recommended for
use on frequencies below 60 Me. However,
there are occasionally eases where their use
is justified on the 56-to-60 Me. band. The
superregenerative receiver tunes very broad-
ly, receiving a band at least 100 ke. wide.
For this reason it is widely popular for the
reception of unstable, modulated oscillators
at ultra-high frequencies.

Frequency modulation reception is possible
with superregenerative receivers, although
with the amount of “swing” ordinarily used
in frequency-modulated transmitters the audio
output of the receiver is comparable to that
obtained when the signal is amplitude modu-
lated at a rather low percentage. If a rela-
tively wide swing is used in the transmitter,
however, the audio output of the receiver will
compare favorably with that obtained from
a fully amplitude mnodulated carrier of equiv-
alent strength.

Practical superregenerative receiver circuits
along with a further discussion of their opera-
tion will be found in Chapter 18.

Superheterodyne Receivers

Because of its superiority and nearly uni-
versal use in all fields of radio reception except
at the extremely high “miero wave” frequen-
cies, the theory of operation of the super-
heterodyne should be familiar to every radio
experimenter, whether or not he contemplates
building a receiver of this type. The follow-
ing discussion concerns superheterodynes for
amplitude-modulation reception. It is, how-
ever, applicable in part to receivers for fre-
quency modulation. The points of difference
between the two types of receivers together
with eireuits required for F.M. reception will
be found in Chapter 9.

Principle of Operation. In the super-
heterodyne, a radio-frequency cireuit is tuned
to the frequency of the incoming signal and
the signal across this cireuit applied to a
vacuum-tube mixer stage. In the mixer stage
the signal is mixed with a steady signal gen-
erated in the receiver, with the result that a
signal bearing all the modulation applied to
the original but of a frequency equal to the
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Figure 7.
SUPERREGENERATIVE DETECTOR.
This extremely sensitive self-quenched detector
arrangement is often used at ultra-high frequen-
cies, The plate blocking condenser must have low
reactance at the quench frequency; a value of
.006 xfd. is common.

difference between the local oscillator and in-
coming signal frequenmcies appears in the
mixer output cirecuit. The output from the
mixer stage is fed into a fixed-tune inter-
mediate-frequency amplifier, where it is
amplified and detected in the usual manner
and passed on to the audio amplifier. Fig-
ure 8 shows a block diagram of the funda-
mental superheterodyne arrangement.

Superheterodyne Advantages. The ad-
vantages of superheterodyne reception are
directly attributable to the use of the fixed-
tune intermediate-frequency (i.f.) amplifier.
Since all signals are converted to the interme-
diate frequency, this section of the receiver
may be designed for optimum selectivity and
amplification without going into the ex-
tremely complicated tunable band pass
arrangements or the number of stages which
would be necessary if the signal-frequeney
tuning circuits were designed to have a com-
parable degree of selectivity and gain.
High amplification is easily obtained in the
intermediate-frequency amplifier, sinee it
operates at a relatively low frequency, where
conventional pentode-type tubes give a great
deal of voltage gain. A typieal 1.f. amplifier
stage is shown in figure 9.

From the diagram it may be seen that both
the grid and plate cireunits are tuned. Tuning

1 mixer 'N;ERM - L I aupio
FREQUENCY TECT
AMPQLIFIER DETECTOR AMPLIFIER

OSCILLATOR | BLOCK DIAGRAM OF SUPERHETERODYNE

Figure 8.
THE ESSENTIAL PARTS OF A SUPER-
HETERODYNE RECEIVER.
There are several possible variations of this
arrangement. R.f. amplifier stages often are used
ahead of the mixer. Occasionally the i.f. amplifier
stages are omitted in simple superheterodynes.
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Figure 9.
INTERMEDIATE FREQUENCY AMPLI-
FIER STAGE.

6K7 and 6SK7 variable-x pentodes are usvally
used as i.f. amplifier tubes. These types require
cathode and screen resistors of approximately 300
and 100,000 ohms, respectively. The higher
transconductance types such as the 1851-52-53
will require lower values of cathode and screen
resistors for best operation. By-pass condensers
are usually .05 or 0.1 ufd.

both cirenits in this way is advantageous in
two ways: it increases the selectivity, and it
allows the tubes to work into a high-impedance
resonant plate load, a very desirable condition
where high gain is desired. The tuned ecir-
cuits used for coupling between i.f. stages are
known as i.f. transformers. These will be
more fully discussed later in this chapter.

Choice of Intermediate Frequency. The
choice of a frequency for the i.f. amplifier
involves several considerations. One of these
considerations is in the matter of selectivity;
as a general rule, the lower the intermediate
frequency the better the selectivity. On the
other hand, a rather high intermediate fre-
quengy is desirable from the standpoint of
image elimination and also for the reception
of signals from television and F.M. transmit-
ters and modulated self-controlled oscillator,
all of which oceupy a rather wide band of
frequencies, making a broad selectivity char-
acteristic desirable. Images are a peculiarity
common to all superheterodyne receivers, and
for this reason they are given a detailed dis-
cussion later in this chapter.

While intermediate frequencies as low as
30 ke. were common at one time, and fre-
quencies as high as 20,000 ke. are used in some
specialized forms of receivers, most present-
day communications superheterodynes nearly
always use intermediate frequencies around
either 455 ke. or 1600 ke. Two other frequen-
cies which are sometimes encountered in
broadecast-band receivers are 175 ke. and 262
ke.

Generally speaking, it may be said that for
maximum selectivity consistent with a reason-
able amount of image rejection for signal fre-
quencies up to 30 Me., intermediate frequen-
cies in the 450-470 ke. range are used, while
for a good compromise between image rejec-

tion and selectivity the i.f, amplifier will often
operate at 1600 ke. For the reception of both
amplitude and frequency modulated signals
above 30 Me., intermediate frequencies near
2100, 3000 and 5000 ke. are most often used.
The intermediate amplifiers in television re-
ceivers will usually be found to operate in the
region between 8000 and 15,000 ke.

Arithmetical Selectivity. Aside from al-
lowing the use of fixed-tune band pass am-
plifier stages, the superheterodyne has
an overwhelming advantage over the t.r.f.
type of receiver because of what is com-
monly known as arithmetical selectivity.

This can best be illustrated by considering
two receivers, one of the t.r.f. type and one
of the superheterodyne type, both attempting
to receive a desired signal at 10,000 ke. and
eliminate a strong interfering signal at 10,010
ke. In the tr.f. receiver, separating these two
signals in the tuning circuits is practically
impossible, since they differ in frequency by
only 0.1 per cent. However, in a super-
heterodyne with an intermediate frequency of,
for example, 1000 ke., the desired signal will
be converted to a frequency of 1000 ke. and
the interfering signal will be converted to a
frequency of 1010 ke., both signals appearing
at the input of the i.f. amplifier. In this case
the two signals may be separated much more
readily, since they differ by 1 per cent, or ten
times as much as in the first case.

Mixer Circuits. The most important single
section of the superheterodyne is the mizer.
No matter how much signal is applied to the
mixer, if the signal is not converted to the
intermediate frequency and passed on to the
i.f. amplifier it is lost. The tube manufactur-
ers have released a large variety of special
tubes for mixer applications and these, as well
as improved cireuits with older type tubes,
have resulted in highly efficient mixer arrange-
ments in present-day receivers.

Figure 10 shows several representative
mixer-oscillator circuits. At “A” is illustrated
control-grid imjection from an electron-
coupled oscillator to the mixer. The mixer
tube for this type of circuit is usually a remote-
cut-off pentode of the 57—6J7 type. The
coupling condenser, C, between the oscillator
and mixer is quite small, usually 1 or 2 pufd.

This same circuit may be used with the os-
cillator output being taken from the oscillator
giid or cathode. The only disadvantage to this
method is that interlocking, or “pulling,” be-
tween the mixer and oscillator tuning controls
is liable to take place. A rather high value of
cathode resistor (10,000 to 50,000 ohms) is
usually used with this cireuit.
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MIXER-OSCILLATOR COMBINATIONS.
The various oscillators do not have to be used with the mixers with which they happen to be shown. The
triode oscillator shown at E could replace the pentode circuit shown at B, for instance.

Injection of oscillator voltage into mixer
elements other than the control grid is illus-
trated by figures 10B, C, D and E. The
circuit of 10B shows injection into the sup-
pressor grid of the mixer tube. The sup-
pressor is biased negatively by connecting
it directly to the grid of the oscillator.

An alternative method of obtaining bias for
the suppressor, and one which is less prone

to cause interlocking between the oscillator
and mixer is shown in figure 10C. In this
circuit the suppressor bias is obtained by al-
lowing the rectified suppressor-grid current
to flow through a 50,000- or 100,000-ohm re-
sistor to ground. The coupling econdenser be-
tween oscillator and mixer may be 50 or 100
ppfd. with this circuit, depending upon the
frequeney. Output from the oscillator may be
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taken from the eathode instead of the grid
end of the coil, as shown, if sufficient oscillator
output is available. Mixer cathode resistors
having values between 500 and 5000 ohms are
ordinarily used with the circuits of 10B and C.

The mixer cireuit shown in 10D is similar in
appearance to that of 10B. The difference in
the two lies in the type of tube used as a
mixer. The 6L7 shown in 10D is especially
designed for mixer service. It has a separate
shielded injector grid, by means of which volt-
age from the oscillator may be injected. This
circuit permits the same variations as the
suppressor-injection system in regard fo the
method of connection into the oscillator eir-
cuit. The 6L7 requires rather high sereen

voltage and draws considerable screen current, -

and for these reasons the sereen-dropping re-
sistor is usually made around 10,000 or 15,000
ohms, which is econsiderably less than the val-
ues of 50,000 to 100,000 ohms used with most
other mixer tubes.

Figure 10E shows injection into the mixer
screen grid. When connected in the manner
shown, a rather large (.01 to 0.1 pfd.) cou-
pling condenser may be used. This eircuit is
liable to cause rather bad pulling at high
frequencies as there is no electrostatic shield-
ing within the mixer tube between the sereen
grid and the control grid. A variation of this
circuit in which the pulling effect is reduced
considerably consists of using an electron-
coupled oscillator eircuit similar to that shown
in 10A and connecting the plate of the oseil-
lator and the sereen of the mixer directly to-
gether. A voltage of about 100 volts is then
applied to both the oscillator plate and the
mixer screen.

E.C.0. Harmonics. One disadvantage to
the use of an electron-coupled type oscillator
with the output taken from the plate, which
should be borne in mind by the constructor,
is that due to the fact that the untuned plate
circuit of the e.c. oscillator contains a large
amount of harmonic output, considerable se-
lectivity must be used ahead of the mixer to
prevent the harmonies of the oscillator from
beating with undesired signals at higher fre-
quencies and bringing them in along with the
desired signal. If it is desired to use an e.c.
type oscillator to secure receiver stabilization
in regard to voltage changes it will usually be
found best to take the oscillator output from
the tuned grid ecircuit, where the harmonic
content is low. The plate of the oscillator
tube may be by-passed directly to ground
when this arrangement is used.

Improved Control-Grid Injection. In fig-
ure 10F an improved control-grid injection
type mixer circuit is shown. This circuit al-

lows peak mixer econversion transeonductance
under wide variations in oscillator output.
The bias on the mixer is automatically main-
tained at the correet value through the use of
grid-leak bias, rather than by the more com-
mon cathode bias arrangement. The mixer
grid leak should have a value of from 3 to 5
megohms. As in the circuit shown at 104,
the coupling condenser should be quite small
—on the order of 1 or 2 uufd. It is abhsolutely
essential that a rather high value of series
screen dropping resistor be used with this
circuit to limit the eurrent drawn by the
mixer tube in case the oscillator injection
voltage, and consequently the mixer bias, is
inadvertently removed. The value of the
sereen resistor will probably lie around 100,-
000 ohms or above, depending upon the type
of mixer tube and the available plate voltage.
The resistor value should be determined ex-
perimentally by using a value which limits
the mixer cathode current when the osecil-
lator is not operating to the maximum per-
missible current specified by the tube manu-
facturer.

The different oscillator circuits shown in
figure 10 are not necessarily limited to use with
the mixers with which they happen to be
shown. Almost any oscillator arrangement
may be used with a particular mixer circuit.
Examples of some of the possible combina-
tions will be found in Chapter 6.

Converter Tubes. There is a series of
pentagrid comverter tubes available in which
the functions of the oscillator and mixer are
combined in a single tube. Typiecal of these
tubes are the 6A7, 6A8, and 6SA7. The term
pentagrid has been applied to these tubes be-
cause they have 5 grids, one of the extra grids
being used as grid and the other as the anode
for the oscillator section of the circuit. Suit-
able circuits for use with these tubes are shown
in figure 11A and 11B.

Dual Unit Converters. Another set of
combination tubes known as triode-heptodes
and triode-hexodes is also available for use as
combination mixers and oscillators. These
tubes are exemplified by the 6J8G and the
6K8; they get their name from the fact that
they contain two separate sets of elements—
a triode and a heptode in one case, and a triode
and a hexode in the other. Representative cir-
cuits for both types of tube are shown at 11C
and 11D,

Separate Oscillator. Certain of the com-
bination mixer-oscillator tubes make excep-
tionally good high frequency mixers when
their oscillator section is left unused and the
oscillator section grid is connected to a sepa-
rate oscillator capable of high output. The
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Figure 11,
CONVERTER CIRCUITS.

A and B are for “pentagrid’ tubes and C and D
for “triode-heptode” and “triode-hexode" tubes.

6K8, 6J8F and 6SA7 perform particularly
well when used in this manner. A circuit
of this type for use with a 6K8 is shown in
figure 12. The points marked “X” in figure
11 show the proper place to inject r.f. from
a separate oscillator with the other combina-
tion type converter tubes. When the 6A7 and
6A8 types are used with a separate oscillator
the unused oscillator anode-grid is connected
directly to the screen.

Mixer Noise and Images

The effects of miver noise and images are
troubles common to all superheterodynes, and
since both these effects can largely be obviated
by the same remedy, they will be considered
together.

Mixer Noise. Mixer noise of the shot-
effect type, which is evidenced by a hiss in the
audio output of the receiver, is caused by ex-
ceedingly small irregularities in the plate cur-
rent in the mixer stage. Noise of an identical
nature is generated in the amplifier stages of
the receiver, but due to a certain extent to the
fact that the gain in the mixer stage is con-
siderably lower than in an amplifier stage
using the same tube, the proportion of inher-
ent noise present in a mixer usually is con-
siderably greater than in an amplifier stage.

Although this noise cannot be eliminated, L

its effects can be greatly minimized by plac-
ing sufficient signal-frequency amplification
having a high signal-to-noise ratio ahead of
the mixer. This remedy causes the signal out-
put from the mixer to be large in proportion
to the noise. Increasing the gain after the
mixer will be of little advantage in eliminating
mixer noise difficulties; greater selectivity
after the mixer will help 1o a certain extent
but cannot be carried too far since this type
of selectivity deéreases the i.f. bandpass and
reduces the strength of the high-frequency
components of modulated signals.

Images. Images are a result of frequency
conversion. They are a consequence of the
fact that there are two signal frequencies
which will combine with a single oscillator
frequeney to produce the same difference fre-
quenecy. TFor example: a superheterodyne
with its oscillator operating on a higher fre-
quency than the signal, which is common prae-
tice in present superheterodynes, is tuned to
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USING A SEPARATE OSCILLATOR WITH
A DUAL-PURPOSE CONVERTER TUBE.

A separate oscillator may also be connected into
the mixer circuits shown in figure 11 at the
points marked “X.”

receive a signal at 14,100 ke. Assuming an
i.f.-amplifier frequency of 450 ke., the mixer
input cirenit will be tuned to 14,100 ke. and
the oscillator to 14,100 plus 450, or 14,5650 ke.
Now, a strong signal at the oscillator plus
the intermediate frequency (14,550 plus 450,
or 15,000 ke.) will also give a difference fre-
quency of 450 ke. in the mixer output and will
be received just as though it were actually on
14,100 ke., the frequency of the desired signal.
The image is always twice the intermediate
frequency away from the desired signal.

The only way that the émage could be elim-
inated in this particular case would be to make
the selectivity of the mixer input cireuit and
any circuits preceding it great enough so that
the 15,000-ke. signal would be eliminated
with these circuits tuned to 14,100 ke.

For any particular intermediate frequency,
image interference troubles become inereas-
ingly greater as the frequency to which the
signal-frequency portion of the receiver is
tuned is increased. This is due to the fact
that the percentage difference between the de-
sired frequency and the image frequency de-
creases as the receiver is tuned to a higher
frequency. The ratio of strength between a
signal at the image frequency and a signal
at the frequency to which the receiver is tuned
required to give equal output is known as the
tmage ratio. The higher this ratio, the better
the receiver in regard to image-interference
troubles.

With but a single tuned circuit between the
mixer grid and the antenna, and with 400-500
ke. i.f. amplifiers image ratios of one hundred
and over are easily obtainable up to frequen-
cies around 5000 ke. Above this frequency
greater selectivity in the mixer grid ecircuit

(through the nse of regeneration) or addi-
tional tuned circuits between the mixer and
the antenna are necessary if a good image ra-
tio is to be maintained.

R.F. Stages, Since the necessary tuned
circuits between the mixer and the antenna
can be combined with tubes to form r.f. am-
plifier stages, the reduction of the effects of
nixer noise and the increasing of the image
ratio can be acecomplished in a single section
of the receiver. When incorporated in the re-
ceiver this section is known simply as an r.f.
amplifier; when it is a separate unit with a
separate tuning control it is known as a pre-
selector. Either one or two stages are com-
monly used in the preselector or r.f. amplifier.
Some single-stage preselectors and a few two-
stage units use regeneration to obtain still
greater amplification and selectivity.

Double Conversion. As previously men-
tioned, the use of a higher intermediate fre-
quency will also improve the image ratio, at
the expense of i.f. selectivity, by placing the
desired signal and the image farther apart.
To give both good image ratio at the higher
frequencies and good selectivity in the i.f.
amplifier, a system known as double conver-
sion is sometimes employed. In this system
the incoming signal is first converted to a
rather high intermediate frequency, such as
1600 ke., and then amplified and again con-
verted, this time to a much lower frequency,
such as 175 ke. The first i.f. frequency sup-
plies the necessary wide separation between
the image and the desired signal while the
second one supplies the bulk of the if. se-
lectivity.

Regenerative Preselectors. R.f. amplifiers
for wave-lengths down to 30 meters can be
made to operate efficiently in a nonregener-
ative condition. The amplification and se-
lectivity are ample over this range. For
higher frequencies, on the other hand (wave-
lengths below 30 meters), controlled regener-
ation in the r.f. amplifier is often desirable for
the purpose of increasing the gain and selec-
tivity.

The input impedance of the grid cireuit of
a radio-frequency amplifier tube consists of a
very high capacitive reactance which becomes
part of the tuning capacity for longer wave-
lengths. However, in very short wave receiv-
ers the input impedance of a tube may drop
to very low values, such as a few thousand
ohms. This low impedance across the input
tuned cireuit reduces the amount of amplifica-
tion that can be obtained from the complete
r.f. stage to a very low value.

A small amount of r.f. feedback ecan be in-
troduced to compensate for this tube loss.
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Regeneration can be carried to the point of
actually creating the effect of negative resist-
ance in the grid cireunit, and thereby balancing
the resistance introduced across the tuned eir-
cuit by the relatively low parallel tube re-
sistance. Kxcessive regeneration will resulf in
too much negative resistance, which will cause
the r.f. amplifier to oscillate. Operation
should always be below the point of self-
oscillation.

As previously discussed, a disadvantage of
the regenerative r.f. amplifier is the need for
an additional regeneration control, and the
difficulty of maintaining alignment between
this eircuit and the following tuned cireuits.
Resonant effects of antenna systems usually
must be taken into aceount; a variable an-
tenna coupling deviee can sometimes be used
to compensate for this effect, however. An-
other disadvantage is the increase in hiss, or
internal noise.

The reason for using regeneration at the
higher frequencies and not at the medium and
low frequencies can be explained as follows:
The signal-to-noise ratio (output signal) of
the average r.f. amplifier is reduced slightly
by the incorporation of regeneration, but the
signal-to-noise ratio of the receiver as a whole
is improved at the very high frequencies be-
cause of the extra gain provided ahead of the
mixer, this extra gain tending to make the
signal output a larger portion of the total
signal-plus-noise output of the receiver.

Signal-Frequency Tuned Circuits

The signal-frequency tuned eircuits in su-
perbeterodynes and tuned radio frequency
types of receivers consist of coils of either the
solenoid or universal-wound types shunted by
variable condensers. It is in these tuned ecir-
cuits that the causes of success or failure of a
receiver often lie. The universal-wound type
coils usually are used at frequencies below
2000 ke.; above this frequency the single-
layer solenoid type of coil is more satisfac-
tory.

Impedance and Q. The two factors most
affecting the tuned circuits are impedance and
Q, which, as explained in Chapter 2, is the
ratio of reactance to resistance in the eireuit.
Since the resistance of modern condensers is
low at ordinary frequencies, the resistance
usually can be econsidered to be concentrated
in the eoil. The resistance to be considered in
making Q determinations is the r.f. resistance,
not the d.c. resistance of the wire in the coil.
The latter ordinarily is low enough that it may
be neglected. This r.f. resistance is influenced
by such factors as wire size and type and

the proximity of metallic objects or poor in-
sulators, such as coil forms with high losses.
It may be seen from the eurves shown in
Chapter 2 that higher values of Q lead to
better selectivity and increased r.f. voltage
across the tuned cirenit. The inerease in volt-
age is due to an inerease in the circuit im-
pedance with the higher values of Q.

Frequently it is possible to secure an in-
crease in impedance in a resonant circuit, and
consequently an increase in gain from an
amplifier stage, by increasing the reactance
through the use of larger coils and smaller
tuning condensers (higher L/C ratio). The
Q of the coil probably will be lowered by this
process, but the impedance, which is a function
of both reactance and Q, will be greater be-
cause for small increases in reactances the re-
actance will increase faster than the Q de-
creases. The selectivity will be poorer, but in
superheterodyne receivers selectivity in the
signal-frequency eircuits is of minor im-
portance where signals on adjacent channels
are concerned. On the other hand, the t.r.f.
type of receiver requires good selectivity in
the tuned cireuits, and a compromise between
impedance and @ must be made.

Input Resistance. Another factor which
influences the operation of tuned cireuits is
the decrease with increasing frequency of in-
put resistance of the tubes placed across these
circuits. At broadeast frequencies the input
resistance of most tubes is high enough so that
it is not bothersome. As the frequency is in-
creased, however, the input resistance be-
comes lower because the transit time required
by an electron traveling between the cathode
and grid becomes an appreciable portion of
the time required for an r.f. eycle of the signal
voltage. The result of this effect is similar to
that which would be caused by placing a re-
sistance between the grid and eathode.

Because of the lower input resistance of
tubes at the higher frequencies, there is a
limit to the maximum impedance necessary to
obtain maximum voltage across the tuned cir-
cuits when these circuits are shunted by the
tube’s input resistance. These considerations
often make it advisable to design the con-
centrie tuned cireuits often used at the higher
frequencies for maximum Q rather than for
maximum impedance. The tube input re-
sistance remains constant, and increasing the
tuned cirenit impedance beyond two or three
times the input resistance will have but little
effect on the net grid-to-ground impedance of
the amplifier stage.

The limiting factor in r.f. stage gain is the
ratio of input conductance to the tube trans-
conductance. When the input conductance

AT e S i
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CIRCUIT FOR REDUCING GRID LOAD-
ING EFFECTS.

Tapping the grid down on the coil will increase
the gain and selectivity obtained with high-
transconductance tubes at high frequencies.

becomes so great that it equals the transeon-
ductance, the tube no longer can act as an
amplifier. There are two ways of increasing
the ratio of transeonductance to input con-
ductance. One of these methods is exempli-
fied by the “acorn” type tube, in which the
input conductance is reduced through the use
of a smaller element structure while the trans-
conductance remains nearly the same as that
of tubes ordinarily used at lower frequencies.
Another method of aceomplishing an inerease
in transconductance-input eonductance ratio
is by greatly increasing the transconductance
.at the expense of a proportionately small in-
crease in input conductance. The latter
method is exemplified by the so-called “tele-
vision pentodes,” which have extremely high
transeonductance and an input conduectance
several times that of the acorn tubes.

The difficulties presented by input-
resistance effects may be partially obviated by
tapping the grid down on the coil, as shown in
figure 13. This cireuit is commonly employed
with high-transeonduetance tubes when oper-
ating on the 28-30 Me. amateur band, and
nearly always with such tubes on the 56-60
Me. band. Acorn tubes, due to their smaller
dimensions and lower capacities, are consid-
erably better than the conventional types at
ultra-high frequencies and it usually will not
be found necessary to tap their grids down on
the tuned circuit until frequencies around 200
Me. are reached.

Superheterodyne Tracking. Because the
detector (and r.f. stages, if any) and the oseil-
lator operate on different frequencies in super-
heterodynes, in some cases it is necessary to
make special provisions to allow the oscillator
to track with the other tuned ecircuits when
similar tuning condensers are used. The usual
method of obtaining good tracking is to oper-
ate the oscillator on the high-frequency side of
the mixer and use a series “tracking con-
denser” to slow down the tuning rate of the
oscillator. The oscillator tuning rate must be
slower because it covers a smaller range than

‘% MIXER

OSCILLATOR

SERIES TRACKING
CONDENSER

Figure 14.

OSCILLATOR SERIES TRACKING CON-
DENSER ARRANGEMENT.

The series condenser allows the oscillator to tune
at a slower rate of capacity change than the
mixer.

does the mixer when both ranges are expressed
as a pereentage of frequency. At frequencies
above 7000 ke. and with ordinary i.f. fre-
quencies, the difference in percentage between
the two tuning ranges is so small that it may
be disregarded in receivers designed to cover
only a small range, such as an amateur band.

A mixer and oscillator tuning arrangement
in which a series tracking condenser is pro-
vided is shown in figure 14. The value of the
tracking condenser varies considerably with
different intermediate frequencies and tuning
ranges, capacities as low as .0001 pfd. being
used at the lower tuning-range frequencies,
and values up to .01 pfd. being used at the
higher frequencies.

Bandspread Tuning. The frequeney to
which a receiver responds may be varied by
changing the size of either the coils or the
condensers in the tuning ecircuits, or both.
In short-wave receivers a combination of both
methods is usually employed, the coils being
changed from one band to another and vari-
able eondensers being used to tune the receiver
across each band. In practical receivers, coils
may be changed by one of two methods: A
switeh, controllable from the front panel, may
be used to switeh coils of different sizes into
the tuning circuits or, alternatively, coils of
different sizes may be plugged manually into
the receiver, the connection into the tuning
circuits being made by suitable plugs on the
coils. Where there are several “plug-in” coils
for each band they are sometimes arranged on
a single mounting strip, allowing them all to
be plugged in simultaneously.

In receivers using large tuning condensers
to cover the short-wave spectrum with a mini-
mum of eoils, tuning is liable to be quite dif-
ficult owing to the large frequency range
covered by a small rotation of the variable
condensers. To alleviate this condition, some
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method of slowing down the tuning rate, or
bandspreading must be used.

Quantitatively, bandspread is usually desig-
nated as being inversely proportional to the
range covered. Thus, a large amount of band-
spread indicates that a small frequency range
is covered by the bandspread control. Con-
versely, a small amount of bandspread is taken
to mean that a large frequency range is cov-
ered by the bandspread dial.

Types of Bandspread. Bandspreading
systems are of two general types: electrical
and mechanical. Mechanical systems are ex-
emplified by high-ratio dials in which the tun-
ing condensers rotate much more slowly than
the dial knob. In this system there is often a
separate scale or pointer either connected or
geared to the dial knob to facilitate aceurate
dial readings. However, there is a limit to
the amount of mechanieal bandspread which
can be obtained in an inexpensive dial before
the speed-reduction unit develops backlash,
which makes tuning diffieult. To. overcome
this problem most receivers employ a combina-
tion of both electrical and mechanical band-
spread. In this system a moderate reduection
in the tuning is obtained in the dial and the
rest of the reduction obtained by electrical
bandspreading.

Parallel Bandspread. Electrical band-
spreading takes two general forms. In one,
two tuning condensers are used in parallel
across each coil, one of rather high capacity
to cover a large tuning range and another of
small capacity to cover a small range around
the frequency to which the large condenser is
set. These condensers are usually controlled
by separate dials or knobs, the large condenser
being known as the bandsetting condenser,
and the smaller one being the bandspread con-
denser. Where there is more than one tuned
circuit in the receiver, a bandsetting and a
bandspread condenser are used across each
coil and all the condensers serving in each ca-
pacity are mechanically connected together,
or ganged, thus allowing a single dial to be
used for each purpose even though there may
be several tuned cireuits.

Since the tuning range of a tuned ecircuit
is proportional to the ratio of minimum to
maximum eapacity across it, a wide variation
in the amount of bandspreading is made pos-
sible by a proper choice of the two capacities.
The greater the capacity of the bandsetting
condenser in proportion to the bandspread
condenser, the greater will be the bandspread.

The bandspreading method deseribed above
is usually known as the parallel system. This
system, as applied to a single tuned ecireuit,
is diagrammed in figure 15A, The large tun-
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Figure 15,
BANDSPREAD CIRCUITS.

The operation of each of these circuits is described
in the text.

ing, or handsetting, condenser, Cy, usually has
a maximum eapacity of from 100 to 370 yufd.
C,, the bandspread condenser, usually bas a
value of from 10 to 50 yufd., depending upon
the design of the receiver.

Dual-Rotor Bandspread. A special form
of the parallel bandspread method is used in
some manufactured tuning assemblies. In
this system a single set of stationary plates
(stator) in the tuning condenser is acted upon
by two separate rotors, one of large capacity
for bandsetting and the other of small capac-
ity for bandspread. Each rotor is operated
by a separate dial. This system allows the
bandsetting and bandspread functions to be
combined in a single tuning-condenser unit.
A variation of this method 1s sometimes used
in which the same dial is used for both band-
setting and - bandspreading purposes, the
change from one function to the other being
accomplished by a “gear-shifting” mechanism
built into the dial. The schematic of this
bandspread system is shown in figure 15B.

The parallel system of bandspreading has
one major disadvantage, especially for
amateur-band usage. This disadvantage lies
in the fact that if the bandspreading condenser
is made large enough to cover the lower-
frequency amateur bands with optimum
capacity being used across the coil in the
bandsetting condenser, an extremely large
bandsetting condenser is needed to give an
equal amount of bandspread on the high-
frequency bands. The high capacity across the
coils reduces the impedance of the tuned ecir-
cuits on the high-frequency bands, where im-
pedance is most needed.



et e e

"

e g T

80 Radio Receiver Theory

The RADIO

Tapped-Coil System. To allow equal
bandspread on the amateur bands and still
not use extremely high bandsetting ecapacities
on the higher frequencies, the variation of
the parallel system shown in figure 15C is
often employed. As the bandspread con-
denser is connected across part of the coil,
this method is usually known as the tapped
cotl system.

The theory upon which the tapped-coil
system operates is quite simple. The effec-
tiveness of the bandspread econdenser in tun-
ing the coil depends upon the amount of the
coil included across the bandspread condenser
terminals. As the number of turns between
the bandspread condenser terminals is de-
creased the amount of bandspread increases.

In most amateur-band receivers employing
the tapped-coil system of bandspreading, a
separate bandsetting condenser is perma-
nently connected across each coil. These eon-
densers are either mounted within the eoils,
in the plug-in-coil system, or alongside the
coils in the bandswitching system.

The tapped-coil -bandspread method is
quite widely used in modern amateur-band
receivers, especially in home constructed sets.
Its principal advantage is that it allows equal
bandspread, to any degree desired; over
several amateur bands. Another advantage
is that it facilitates aeccurate tracking in
ganged tuning circuits; the coil taps are ad-
justed until the cireuits track identically.

The bandspread condenser, C,, may have
a maximum ecapaecity of from 25 to 50 pufd.
for amateur band usage, while the bandsetting
condenser, C,, should have a maximum ea-
pacity of 30 to 150 pufd. for amateur bands
from 10 to 160 meters. Although it is pos-
sible to use almost any combination of capac-
ities at C; and Cg, too little capacity at C, is
liable to lead to eross modulation and image
interference, while too great a capacity at Cy
will cause uneven bandspread, the high-
frequency end of the tuning range being more
crowded than the low-frequeney end.

Series System. Another bandspread sys-
tem is shown in figure 15D. This system,
which was widely used in the past, and is
still employed to some extent, is known as
series bandspread. In this system the band-
spread condenser, C,, usually has a capacity
of 100 to 150 yufd., while the bandsetting
condenser, C;, may have a capacity of 25 to
50 yufd. The principle upon which the cir-
cuit operates is that while the minimum capac-
ity across the coil varies but little for any
setting of the bandsetting condenser, the
mazimum capacity available may be varied
considerably.

Condenser Switching System. In figure
15K is illustrated another method of equaliz-
ing the degree of bandspread over a wide
range of frequenecies. C; is the large 350-
upfd. tuning condenser; two bandspread con-
densers Cy and Cg, of 50y ufd. and 15 uufd. re-
spectively, are switched across the large con-
denser for bandspreading the short-wave
bands. The 50-pufd. eondenser is suitable
for bandspread tuning in the range from 75
to 200 meters, and the smaller condenser is
suitable from 10 to 76 meters. The disad-
vantage of this eircuit lies in the switching
arrangement, which may require relatively
long connecting leads; the minimum ecapacity
of the eircuit would then be rather high, and
the lumped inductance low at the higher fre-
quencies.

Circuit Capacity. In this book and in
other radio literature mention is sometimes
made of “stray” or circuit capacity. This
capacity is in the usual sense defined as
the capacity remaining across a coil when
all the tuning, bandspread, and padding con-
densers across the eircuit are at their mini-
mum capacity setting. Circuit capacity can
be attributed to two general sources. One
souree, which is fixed for any particular type
of tube, is that due to the “cold” input capaci-
tance of the tube when its cathode is not
heated. The input capacitance varies some-

“what from the fixed value when the tube is in
actual operation. Such factors as plate load
impedance, grid bias, and frequency will cause
a change in input capacitance. However, in
all except the extremely high-transconduct-
ance tubes the published measured input
capacitance is quite close to the effective value.
In the high-transeconductance types however,
the effective capacitance does vary consider-
ably from the published figures, under dif-
ferent operating conditions.

The second source of circuit capacity and
that which is more easily controllable is that
contributed by the minimum capacity of the
variable condensers across the cireuit and
that due to capacity between the wiring and
ground. In well-designed high-frequency
receivers every effort is made to keep this
portion of the eircuit capacity at a minimum,
since a large capacity reduces the tuning
range available with a given coil and pre-
vents a good L/C ratio, and econsequently a
high-impedance tuned ecircuit, from being
obtained.

Typical values of circuit capacity may
run from 10 to 75 ppfd. in high-frequency re-
ceivers, the first figure representing concen-
{ric-line receivers with acorn tubes and ex-
tremely small tuning condensers, and the
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latter representing all-wave sets with band-
switching, large tuning condensers, and con-
ventional tubes.

LF. Tuned Circuits

All if. amplifiers employ bandpass cir-
cuits of some sort. A bandpass cireuit is
exactly what the name implies—a ecireuit for
passing a band of frequencies. Bandpass ax-
rangements can be designed for almost any
degree of selectivity, the type used in any par-
ticular application depending upon the use
to which the i.f. amplifier is to be put.

Bandpass Circuits. Bandpass -circuits
consist essentially of two or more tuned eir-
cuits and some method of coupling the tuned
circuits together. Some representative ar-
rangements are shown in figure 16. The eir-
cuit shown at A is the conventional i.f. trans-
former with the coupling, M, between the
tuned circuits being provided by inductive
coupling from one coil to the other. As the
coupling is inecreased, the selectivity curve
becomes less peaked, and when a condition of
over-coupling is reached the top of the curve
flattens out. When the coupling is increased
still more, a dip oceurs in the top of the curve.
The windings for this type of i.f. transformer,
as well as most others, nearly always consist
of small, flat universal-wound pies mounted
either on a piece of dowel to provide an air
core or on powdered-iron impregnated bake-
lite for “iron core” i.f. transformers. The
iron-core transformers generally have some-
what more gain and better selectivity than
equivalent air-core units between 175 and
2000 ke. ,

The cireuits shown at B and C are quite
similar. Their only difference is the type
of mutual coupling used, an inductance being
used at B and a capacitance at C. The opera-
tion of both cireuits is similar. Three reso-
nant cireuits are formed by the components.
In B, for example, one resonant ecireuit is
formed by L), C,, Cp, and L, all in series.
The frequency of this resonant cireuit is just
the same as that of a single one of the coils
and condensers, sinee the coils and condensers
are similar in both sides of the eircuit and
the resonant frequency of the two condensers
and the two coils all in series is the same as
that of a single coil and condenser. The
second resonant frequency of the complete cir-
cuit is determined by the characteristics of
each half of the cireuit containing the mutual
coupling device. In B, this second frequency
will be lower than the first since the resonant
frequeney of L;, C, and the inductance, M,
or Ly, C; and M is lower than that of a single
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I.F. AMPLIFIER BAND-PASS CIRCUITS.

The ordinary i.f. transformer circuit is shown at

A.  The other circuits are intended to give a

straight-sided, flat-topped selectivity characteris-
tic to the i.f. amplifier.

1

A

coil and condenser, due to the inductance of
M being added to the cireuit. The opposite
effect takes place at C, where the common
coupling impedance is a condenser. Thus at
C the second resonant frequeney is higher
than the first. In either case, however, the
circuit has two resonant frequencies, result-
ing in a flat-topped selectivity ecurve. The
width of the top of the curve is controlled by
the reactance of the mutual coupling com-
ponent. As this reactance is increased (in-
ductance made greater, capacity made
smaller) the two resonant {requencies become
farther apart and the eurve is broadened.
The cireuit of figure 16D is often used
where a fairly high degree of bandpass action
is required and the number of i.f. transform-
ers used must be kept at a minimum. In this
circuit there is induetive coupling between the
center coil and each of the outer coils. The
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CRYSTAL FILTER EQUIVALENT CIRCUIT.

With a constant input voltage, the r.f. voltage
developed across Z; depends upon the impedances
of Z, X and Z.

result of this arrangement is that the center
coil acts as a sharply tuned coupler between
the other two. A signal somewhat off the
resonant frequency of the transformer will
not induee as much voltage in the center coil
as will a signal of the correct frequency.
When a smaller voltage is induced in the
center coil, it in turn transfers a still smaller
voltage to the output eoil. In other words
the coupling of the three coils increases as
the resonant frequeney is approached and
remains nearly constant over a small range
and then decreases again as the resonant band
is passed.

Another very satisfactory bandpass ar-
rangement which gives a very straight-sided,
flat-topped eurve is the negative-mutual ar-
rangement shown at E. Energy is transferred
between the input and output circuits in this
arrangement by both the negative-mutual
coils, M, and the common capacitive react-
ance, C. The negative-mutual eoils are inter-
wound on the same form and connected
“backward,” as shown.

Crystal Filters, The selectivity of the
intermediate-frequency amplifier may be in-
creased greatly through the use of an ex-
tremely high Q piezo-electric series resonant
circuit. The piezo-electric quartz ecrystal,
together with its coupling arrangement, is
generally known as a crystal filter. The
electrical equivalent of the basic erystal filter
cireuit is shown in figure 17, while the elec-
trieal equivalent of the erystal itself is shown
in figure 18.

At its resonant frequency, the erystal, X,
may be replaced by a very small resistance,
and thus at this frequency the current flow-
ing through the eircuit, Z, X, Z; reaches a
maximum and the ountput voltage Eous is also
at its maximum value. At frequencies
slightly off resonance the erystal impedance
becomes quite high and the current flowing
through the eircuit, and consequently the volt-
age Eou developed across Z;, drops to a low
value. It is the ratio of Kout at resonance

to this voltage at frequencies away from
resonance that determines the seleetivity
characteristic of the erystal filter. This ratio
may be shown to depend upon the values of
the impedances Z and Z;. These impedances
remain nearly constant for frequencies near
resonance, and the selectivity of the filter eir-
cuit as a whole may be altered by changing
the resonant frequency values. The variable
selectivity erystal filter circuits quite often
used in communications superheterodynes
operate on this prineiple.

Practical Filters. In practical erystal fil-
ters is is necessary to balance out the capacity
across the erystal holder (C, in figure 18) to
prevent by-passing around the erystal of un-
desired signals off the crystal resonant fre-
queney. The balanecing is done by a phasing
circuit which takes out-of-phase voltage from
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Figure 18,

CRYSTAL EQUIVALENT.

The crystal is equivalent to a very large inductance
in series with a very small resistor and condenser.

Figure 19.
VARIABLE-SELECTIVITY CRYSTAL
CIRCUIT.

In this circuit the selectivity is at a minimum
when the input circuit is tuned to resonance.

CRYSTAL
:§ I} iU (%
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a balanced input cirenit and passes it to the
output side of the erystal in proper phase to
neutralize that passed through the holder
capaecity. A representative practical filter
arrangement is shown in figure 19. The
phasing condenser is indicated in the diagram
by PC. The balanced input eircuit may be
obtained either through the use of a split-
stator condenser as shown or by the use of a
center-tapped input coil.
Variable-Selectivity Filters. In the cir-
cuit of figure 19 the seleetivity is minimum
with the erystal input circuit tuned to reso-
nance, sinee at resonance the input ecireuit is
a pure resistance effectively in series with the
voltage applied to the erystal. As the input
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circuit is detuned from resonance, however,
the resistive component of the input imped-
ance decreases and the selectivity becomes
greater. In this cireuit the output from the
crystal filter is tapped down on the i.f. stage
grid winding to provide a better match and
lower the impedance in series with the erystal.

The circuit shown in figure 20 also achieves
variable selectivity by adding an impedance
in series with the crystal eireuit. In this ease
the variable impedance is in series with the
crystal output cireuit. The impedance of the
output tuned circuit is varied by varying
the Q. As the Q is reduced (by adding re-
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Figure 20.

WIDE-RANGE VARIABLE-SELECTIVITY
CRYSTAL FILTER.

The selectivity is varied by changing the impedance
of the output circuit by changing its Q.

Figure 21.
DEGENERATIVE L.F. STAGE.

Degeneration in the i.f. stage following the crystal
filter is desirable to avoid input capacity changes
when the gain is varied.

TO Av.C. TO MANU,

AL
VOLUME CONTROL

sistance in series with the coil) the impedance
decreases and the selectivity becomes greater.

A variation of the circuit shown at figure 20
consists of placing the variable resistance
across the coil and condenser, rather than in
series with them. The result of adding the
resistor is a reduction of the output im-
pedance and an increase in selectivity. The
cireuit behaves oppositely to that of figure 20,
however; as the resistance is lowered the se-
lectivity becomes greater.

Interference Rejection. The erystal filter
phasing condenser can he adjusted so that
parallel resonance between it and the erystal

TO CRYSTAL
FILTER
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Y
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B
<
2
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causes a sharp dip in the response curve at
some desired point, such as 2 ke. from the
desired signal peak. This effect can be uti-
lized to eliminate completely the unwanted
sideband 1 ke. away from zero beat for e.w.
reception. The b.f.o. then provides a true
single signal effeet, that is, a single beat fre-
quency note. This effectively increases the
number of c¢.w. channels that ean be used in
any short-wave band.

1600-Kc, Crystal Filters. Since the se-
leetivity of a series crystal resonator varies
approximately directly with frequency, crys-
tal filters for use with i.f. amplifiers in
the 1500- to 1600-ke. range are approximately
three times as broad as their maximum se-
lectivity setting as 465-ke. crystal circuits.
This is no great disadvantage, as a well-
designed 1600-ke. filter may be made to have
300-cycle selectivity at its maximum setting.
For radiotelephone reception the 1600-ke.
filter actually is advantageous, because its
minimum selectivity permits a much wider
band than a 465-ke. unit. The wider avail-
able pass band allows the erystal to be left in
the circuit at all times and the seleectivity
merely varied to suit the kind of reception
desired. Variable-selectivity circuits of the
type shown in figure 19 require special con-
sideration when used with 1600-ke. crystals,
however. This is due to the fact that the
capacity across the crystal holder, and eonse-
quently the capacity of the phasing con-
denser, is much higher, due to the thinner
crystal required at 1600 ke.

As the phasing condenser and the crystal
are actually in serles across the input cirenit
and selectivity control, any change in setting
of the phasing condenser will alter the se-
lectivity. This difficulty may be eliminated
by using a special form of phasing condenser
which acts as a capacity potentiometer and
maintains equal eapacity across the input cir-
cuit and at the same time varies the capacity
in the phasing branch.

Reducing Input Capacity Variations, As
the previous diseussion on erystal filters has
indicated, the selectivity of the erystal filter
can be altered by changing the impedance of
the erystal output ecireuit. Since the im-
pedance at crystal frequency of the output
circuit can be varied by detuning it as well
as by varying its Q, it is important that the
input capacity of the tube following the filter
Temain eonstant when the gain of this stage
is varied. The input capaecity may be stabi-
lized with respect to changes in the tube’s am-
plification by employing a small amount of
degeneration, as illustrated in figure 21. The
amount of degeneration which can be used
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Figure 22,
DIODE A.V.C. CIRCUIT.

This circuit will be found in many superhetero-
dynes. The diode also acts as a detector, audio
voltage appearing across the volume control R1.

will depend upon the amount of gain which
can be saerificed in the if. stage following
the erystal filter. Values for R will ordinar-
ily fall between one-third and two-thirds of
the total resistance in the eathode cireuit, ex-
clusive of the manual gain eontrol.

Detector, Audio and Control Circuits

Detectors. Second deteetors for use in su-
perheterodynes are usually of the diode, plate,
or infinite impedance types, which were de-
seribed in detail in Chapter 3. Occasionally,
grid-leak detectors are used in receivers using
one i.f. stage or none at all, when the second
detector is regenerative.

Diodes are the most popular second de-
teetors because they allow a simple method of
obtaining automatic volume control to be
used. Diodes load the tuned cireuit to which
they are econnected, however, and thus reduce
the selectivity slightly. Special i.f. trans-
formers are used for the purpose of provid-
ing a low-impedance input cireuit to the
diode detector.

Automatic Volume Control. An elemen-
tary eirenit of an automatic volume control
(a.v.c.) system is shown in figure 22. A

diode tube is used as a reectifier of the earrier
signal. The radio- (or intermediate) fre-
quency cireuit to the diode is completed
through the small eondenser C,, which is too
low in value to by-pass audio frequencies.
The carrier signal is detected or rectified, and
the resulting current flows through the diode
circuit and the resistance R;. This rectified
current develops a voltage across R;, which
is more negative at the ungrounded end.

A simple R-C (resistance-capacity) filter
in the form of Ro-C, may be connected to
the diode cireuit in order to utilize the d.c.
voltage for automatic volume eontrol pur-
poses. The filter irons out the audio frequen-
cies and allows pure direet eurrent to be
obtained. The negative voltage developed
across R, and C, has a value directly pro-
portional to the incoming ecarrier signal.
This voltage is used to bias the eontrol grids
of some or all of the r.f. and i.f. amplifier
stages. An increased negative hias on these
stages will reduce the amplification of the
receiver so that a strong carrier furnishes
approximately the same audio-frequency out-
put signal as would be obtained from a weak
carrier. Automatic volume control has the
further advantage of maintaining the audio
signal at a fairly constant level, even though
the signal from a distant station may be fad-
ing or varying in amplitude.

A great many different eireunits are used
for obtaining a.v.c., and it is obviously im-
possible to show them all here. Essentially,
most of these cireuits consist of some kind
of rectifier for rectifying the signal and us-
ing it for bias on the preeeding stages or else
some sort of an amplifier biased near the
cutoff point which draws more ecurrent
through a resistance when a signal is applied,
the drop across the resistance being used in
one of several possible ways to bias the
amplifier stages.

IEY
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A.V.C. CIRCUIT FOR ANY
SUPERHETERODYNE.
This circuit may be added
to a receiver not equipped with
av.c. The 2B7 or 6B7 acts as
an av.c. amplifier and diode

L
T @ Figure 23.
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Figure 24.

USING A LOW-RANGE MILLIAMMETER
AS A TUNING OR SIGNAL STRENGTH
INDICATOR.

The plate current to an i.f. stage varies as the
a.v.c. bias changes. A 0-10 d.c. milliammeter
will serve in most cases. The meter reads “back-
wards’” in this circuit, strong signals causing the
current to decrease more than weak ones.

Figure 25.
ELECTRON-RAY TUNING INDICATOR.
Other “eye” tubes such as the 6N5, 6U5, and
6G5 may also be used in this circuit.

6E5 1.0 MEG.
AV.C. SUPPLY sty ™ e ANAM V +250 V.

purpose of indicating signal strength, the
meter reads backward with respect to
strength. This is caused by increased a.v.c.
bias on stronger signals resulting in lowered
plate current through the meter. For this
reason special meters which indicate zero at
the right-hand end of the scale are often used
for signal strength indicators in this type of
circuit. Alternatively, the meter may be
mounted upside down so that the needle
moves toward the right with inereased signal
strength.

A circuit which allows an ordinary meter
to be used, and which gives conventional
right-hand movement of the needle with in-
creased signal strength is shown in figure 26.
The plate (or plate and sereen) current to
the stages receiving a.v.c. bias is fed through
one-half of a bridge network. The meter,
M, is usually a 0-1 milliammeter. The resistor
values shown are average ones; it may be
necessary to change them slightly, depending
upon the number of stages drawing eurrent
through the network. Using a lower value at
R will give greater “swing” for a given signal
strength, while larger values will reduce the
swing. The variable 1000-ohm resistor is

Figure 23 shows a typical automatic vol-
ume control circuit which can be applied to
almost any superheterodyne receiver.

The resistors and condensers in the various
if. and r.f. grid-return circuits eonstitute a
time-delay filter. The time constant of the
a.v.c. eirenit may be reduced by using smaller
condensers or resistors or increased by using
larger ones.

Signal Strength Indicators. A visual
means for determining whether or not the
receiver is properly tuned, as well as an in-
dieation of the relative signal strength, are
both provided by means of tuning indicators
of the meter or vacuum-tube types. Direct
current milliammeters can be connected in the
plate return circuit of an r.f. amplifier as
shown in figure 24 so that the change in plate
current, due to the a.v.c. voltage which is sup-
plied to that tube, will indicate proper tuning
or resomamce. Sometimes these d.c. meters
are built in such a manner as to produce a
shadow of varying width. Vacuum-tube
tuning indicators are designed so that an
electron-ray “eye” pattern changes its size
when the input cireuit of the tube is eonnected
across all or part of the a.v.c. voltage. The
basice eircuit for this type of indicator is illus-
trated in figure 25.

Unfortunately, when an ordinary meter is
used in the plate eircuit of a stage for the

TO PLATES OF STAGES ON AV.C. LINE
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Figure 26.

FORWARD READING SIGNAL
STRENGTH METER CIRCUIT.
Placing the meter in a bridge circuit allows it
to read in a “forward” direction in respect to
signal strength. The meter is usually a 0-1
milliammeter.

Figure 27.
VARIABLE-OUTPUT B.F.0. CIRCUIT.

Being able to vary the output of the b.f.0. is some-
times helpful when receiving weak signals.

TO 2ND DETECTOR

THRU VERY SMALL

COUPLING CONDENSE
(1 OR 2 LWLFD)
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used to set the meter for minimum indieation
when no signal is being received.

Beat-Frequency Oscillators. The beat-
frequeney oscillator, usually called the b.f.0.,
is a necessary adjunct for reception of c.w.
telegraph signals on superheterodynes which
do not use regenerative detectors. The osecil-
lator is coupled into the second detector cir-
cuit and supplies a weak signal of nearly
the same frequency as that of the desired
signal from the if. amplifier. If the i.f.
amplifier is tuned to 465 ke., for example, the
b.f.o. is tuned to approximately 464 or 466
ke. in order to produce a 1000-cycle beat note
in the output of the second detector of the
receiver. The carrier signal would otherwise
be inaudible. The b.f.0. is not used for voice
reception, except as an aid in searching for
weak stations.

The b.f.o. input to the second detector need
only be sufficient to give a good beat note on
an average signal. Too much coupling into
the second detector will give an excessively
high hiss level, masking weak signals by the
high noise background.

A method of manually adjusting the b.f.o.
output to eorrespond with the strength of re-
ceived signals is shown in figure 27. A var-
iable b.f.o. output control of this sort is a
useful adjunet to any superheterodyne, since
it allows sufficient b.f.o. output to be obtained
to give a “beat” with strong signals and at
the same time permits the b.f.o. output, and
consequently the hiss, to be reduced when at-
tempting to receive weak signals. The ecir-
cuit shown is somewhat better than those in
which one of the eleectrode voltages on the
b.f.o. tube is changed, as the latter usually
change the frequency of the b.f.o. at the same
time they change the strength, making it
necessary to reset the trimmer each time the
output is adjusted.

In nearly all receivers in which both a.v.c.
and a b.f.o. are used it is necessary to discon-
nect the awv.c. eircuit and manually control
the gain when the b.f.o. is turned on. This
is because the b.f.o. acts exactly like a strong
signal and puts a.v.c. bias on the stages on
the a.v.c. line, thereby lowering the gain of
the receiver.

Noise Suppression

The problem of noise suppression con-
fronts the listener who is located in such places
where interference from power lines, elec-
trical appliances and automobile ignition sys-
tems is troublesome. This noise is often of

such intensity as to swamp out signals from

desired stations.

There are three prineipal methods for re-
ducing this noise:

(1) A.c. line filters at the source of inter-
ference if the noise is created by an elee-
trieal appliance.

(2) Noise-balancing ecircuits for the redue-
tion of power-leak interference.

(3) Noise-limiting cireuits for the reduetion,
in the receiver itself, of interference of
the type caused by automobile ignition
systems.

Power Line Filters. Numerous household
appliances, such as electric mixers, heating
pads, vacuum sweepers, refrigerators, oil
burners, sewing machines, doorbells, ete.,
create an interference of an intermittent na-
ture. The insertion of a line filter near the
source of interference often will effect a com-
plete cure. TFilters for small appliances can
consist of a 0.1-ufd. condenser connected
across the 110-volt a.c. line. Two condensers
in series across the line, with the midpoint
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Figure 28.
JONES NOISE-BALANCING CIRCUIT.

This circuit, when prca)ﬂerly adjusted, reduces the
intensity of power-leak and similar interference.

connected to ground, can be used in conjune-
tion with ultra-violet ray machines, refriger-
ators, oil burner furnaces and other more
stubborn offenders. In severe cases of inter-
ference, additional filters in the form of
heavy-duty r.f. choke coils must be connected
in series with the 110-volt a.c. line on both
sides of the line.

Noise Balancing. Power line noise inter-
ference can be greatly reduced by the instal-
lation of a noise-balancing ecircuit ahead of
the receiver, as shown in figure 28. The
noise-balaneing circuit adds the noise com-
ponents from a separate noise antenna in such
a manner that this noise antenna will buck
the noise picked up by the regular receiving
antenna. The noise antenna can consist of
a connection to one side of the a.c. line, in
some cases, while at other times an additional
wire, 20 to 50 feet in length, can be run paral-
lel to the a.c. house supply line. The noise
antenna should pick up as much noise as pos-
sible in comparison with the amount of signal
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pickup. The regular receiving  antenna
should be a good-sized out-door antenna, so
that the signal to noise ratio will be as high
as possible. 'When the noise components are
balanced out in the eircuit ahead of the re-
ceiver, the signals will not be appreciably
attenuated.

This type of noise balancing is not a simple
process; it requires a bit of experimentation
in order to obtain good results. However
when proper adjustments have been made, it
is possible to reduce the power leak noise
from 3 to 5 R points without reducing the
signal strength more than one R point, and
in some cases there will be no reduction in
signal strength whatsoever. This means that
fairly weak signals can be received through
terrific power leak interference. Hash type
interference from electrical appliances can be
reduced to a very low value by means of the
same ecircuits.

The coil should be center-tapped and con-
nected to the receiver ground connection in
most cases. The pickup coil eonsists of four
turns of hookup wire 2” in diameter which
can be slipped over the first r.f. tuned coil in
most radio receivers. A two-turn coil is more
appropriate for 10- and 20-meter operation,
though the four-turn coil is suitable if care
is taken in adjusting the condensers to avoid
10-mefer resonance (unless very loose in-
ductive coupling is used).

Adjustment of C; will generally allow a
noise balance to be obtained when varying
C; and Cj in nearly any loeation. One an-
tenna, then the other, ean be removed to check
for noise in the receiver. When properly bal-
anced, the usual power line buzz can be bal-
anced down nearly to zero without attenuating
the desired signal more than 509%. This may
result in the reception of an intelligible dis-
tant signal through extremely bad power line
noise. Sometimes an incorrect adjustment
will result in balancing out the signal as well
as the noise. A good high antenna for signal
reception will ordinarily overcome this effect.

With this eircuit some readjustment is
necessary from band to band in the short-
wave spectrum; noise-balancing systems re-
quire a good deal of patience and experi-
menting at each particular receiving loeation.

Noise-Limiting Circuits. Several differ-
ent noise-limiting circuits have become pop-
ular. These circuits are beneficial in over-
coming automobile ignition interference.
They operate on the principle that each in-
dividual noise pulse is of very short duration,
yet of extremely high amplitude. The pop-
ping or clicking type of noise from electrical
ignition systems may produce a signal ten

to twenty times as great as the incoming radio
signal.

As the duration of this type of noise peak
is short, the receiver ean be made inoperative
during the noise peak without the human ear
deteeting the total loss of signal. Some noise
limiters, or eliminators, actually punck a hole
in the signal, while others merely Iimit the
maximum peak signal which reaches the head-
phones or loudspeaker.

The noise peak is of such short duration
that it would not be objectionable except for
the fact that it produces an overloading effect
on the receiver, which inereases its time con-
stant. A sharp voltage peak will give a kiek
to the diaphragm of the headphones or
speaker, and the momentum or inertia keeps
the diaphragm in motion until the dampen-
ing of the diaphragm stops it. This move-
ment produces a popping sound which may
completely obliterate the desired signal. If
the noise peak can be limited to an amplitude
equal to that of the desired signal, the re-
sulting interference is practically negligible.

A.F, Peak Limiters, Remarkably good
noise suppression ean be obtained in the audio
amplifier of a radio receiver by using a de-
layed push-pull diode suppressor. Any twin
diode tube can be used, though the type 84
high vacuum full-wave rectifier tube seems to
be the most effective.

The circuit in figure 29 can be used to de-
scribe the operation of this general type of
noise suppressor or limiter. Each diode
works on opposite noise voltages; that is,
both sides of the noise voltage (4 and —
portions of the a.c. components) are applied
to diodes which short-cireuit the load when-
ever the applied voltage is greater than the
delay voltage. The delay bias voltage pre-
vents diode current from flowing for low-Ievel
audio voltages, and so the noise circuit has
no effect on the desired signals except during
the short interval of noise peaks. This in-
terval is usually so short that the human ear
will not notice a drop in signal during the
small time that the load (headphones) is
short-cireuited by the diodes.

1ST AF. TUBE §10:25 UFD.
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Figure 29.

A.F. NOISE LIMITER.
A limiter such as this is effective in reducing
short-duration noise pulses, such as automobile
ignition interference.
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Delay bias voltage of 114 volts from a small
flashlight cell will allow any signal voltage to
operate the headphones which has a peak of
less than about 114 volts. Noise peaks often
have values of from 5 to 20 times as great as
the desired signal; so these peaks operate the
diodes, causing current to flow and a sudden
drop in impedance across the headphones.

Diodes have nearly infinite impedance
when no diode current is flowing; however,
as soon as current starts, the impedance will
drop to a very few hundred ohms, which
tends to damp out or short circuit the audio
output. The final result is that the noise
level from automobile ignition is limited to
values no greater than the desired signal.
This is low enough to cause no trouble in un-
derstanding the voice or c.w. signals.

‘A push-pull diode circuit is necessary be-
cause the noise peaks are of an a.c. nature
and are not symmetrical with respect to the
zero a.c. voltage reference level. The negative
peaks may be greater than the positive peaks,
depending on the bias and overload charac-
teristics of the andio amplifier tube. If a
single diade is used, only the positive (or
negative) peaks could be suppressed. In fig-
ure 29 the two bias dry-cells are arranged to
place a negative bias on each diode plate
of 114 volts. A positive noise voltage peak
at the plate of the audio amplifier tube will
overcome this negative bias on the top diode
plate and cause diode current to flow and
lower the impedance. A negative noise volt-
age peak will overcome the positive bias on
the other diode cathode and cause this diode
to act as a noise suppressor. A positive bias
on the cathode is the same as a negative bias
on the diode plate. The 6H6 has two sepa-
rate eathodes and plates, hence lends itself
readily to the simple cirenit illustrated in
figure 29.

Circuits of this type are very effective for
short-pulse noise elimination because they
tend to punch a hole in the signal for the
duration of a strong noise voltage peak. A
peak that will cause a loudspeaker or head-
phones to rattle with a loud pop will be re-
duced to a faint pop by the noise-suppression
system. The delay bias prevents any atten-
nation of the desired signal as long as the
signal voltage is less than the bias.

‘With this type of noise limiter it is possible

to adjust the audio or sensitivity gain controls
so that the auto ignition QRM seems to drop
out, leaving only the desired signal with a
small amount of distortion. Lower gain set-
tings will allow some noise to get through but
will eliminate audio distortion on voice or
music reception. At high levels the speech

Figure 30.
ADJUSTABLE NOISE LIMITER.
With this circuit the bias on the fimiter diodes is
adjustable for different noise levels. The center-
tapped choke may be the primary of a small
pentode output transformer.

A.F. QUTPUT
OF RECEIVER

’ — llhhl;}l)—‘—-‘@ab 84

SMALL CLASS B OUTPUT TRANSFORMER
1:1 OR 2:1 RATIO

(PRIMARY AND SECONDARY REVERSED )

+ Figure 31.
NOISE LIMITER FOR USE WITH LOUDSPEAKER.

The high bias on this dual-diode noise limiter
allows it to be used on high-level audio stages.

or music peaks will be attenuated whenever
they exceed the d.c. delay bias voltage. Faint
ignition rattle will always be audible in the
background with any noise-suppressor cireuit
sinee some noise peaks are too small to oper-
ate the systems, yet are still audible as a weak
rattle or series of popsin the headphones.

Figures 30 and 31 show two noise-limiter
circuits which can be used as separate units
for connection to any receiver. The unit
shown in figure 30 can be connected across
any headphone output as long as there is no
direct current flowing through the phones. A
blocking condenser can be connected in series
with it if necessary, though better noise sup-
pression results when the blocking condenser
is in series with the plate lead to the head-
phones. Delay bias is obtained from the plus
B supply through a 15,000-ohm 10-watt re-
sistor and a 200-ohm wire-wound variable
resistor. The cathode or cathodes are made
a volt or so positive with respect to ground
and minus B connection.

The diode plates are connected through a
center-tapped low resistance choke to ground
as far as bias voltage is concerned. Any push-
pull to voice coil output transformer can be
used for the center-tapped choke in figure 30.
The secondary can be left open. The delay
bias is adjustable from 0 up to about 3 volts
and once set for some noise level, can be left
in that position.
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Figure 32.
DICKERT AUTOMATIC LIMITER.
This limiter will automatically adjust itself to
various amounts of carrier strength. The recom-
mended values of components are shown.

The unit illustrated in figure 31 can be con-
nected across any audio amplifier stage, even
the output stage which drives a loudspeaker.
Any bias from 114 to 90 volts or more can be
conneeted in series with the center tap and 84
tube cathode. The higher values of delay
bias would be needed for high output levels
from the loudspeaker. Generally, 2214- to
45-volts bias will allow enough delay to allow
moderate room volume reception of the de-
sired voice signals without leveling off and
distortion. As low a delay bias should be
used as possible without distortion, in order
to obtain effective noise suppression.

Second-Detector Noise Limiters. There
are numerous arrangements for noise limit-
ing in the second detector circuit. Tests con-
ducted with a great many of these cireuits
have indicated that the ones shown in figures
32, 33 and 34 are the most practical and de-
sirable for use in amateur communications
receivers. The noise-silencing action of these
limiters is obtained either by shorting the
noise pulses to ground or by opening an “elec-
tronie switeh” in series with the audio eurrent
on each noise pulse. The cireuit of figure 32
is an example of the first method, while those
of figures 33 and 34 are of the latter type.

The Dickert noise limiter ecireuit shown in
figure 32 makes use of a diode detector and a
small class B triode such as the 6A6, 6N7,
or 79 as the noise limiter tube. The latter
tubes are used because at zero or negative grid
voltage and a small amount of plate potential
they draw very little plate current.

Under normal operation with a received
carrier the grid of the 6N7 is biased nega-
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Figure 33.
BACON SERIES LIMITER.

The seties type of limiter breaks the circuit be-
tween the detector and ﬁkrst audio stage on noise
peaks
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Figure 34.
SERIES LIMITER WITH INFINITE-
IMPEDANCE DETECTOR.
This arrangement of the seties limiter must be
used when the detector gives positive output

voltage. It is applicable to both infinite impedance

and power detectors.

tively by an amount slightly less than half
the rectified carrier voltage. This means that
for modulation percentages up to nearly 100
per cent the resistance of the 6N7 will re-
main very high due to its grid always remain-
ing negative with respect to the cathode.
Note also that the grid is supplied with d.c.
through a filter circuit with a comparatively
high time constant so that the actual grid
potential varies but very slowly with chang-
ing external conditions.

But with the reception of a noise pulse the
cathode of the 6N7 is instantaneously driven
highly negative while the control grid main-
tains the moderate carrier-level bias due to
the time constant of the filter feeding it. An-
other way of stating that the cathode goes
negative with respect to the grid is, of eourse,
to say that the control grid is driven positive.
Also, at the same time that the control grid
goes positive the same noise pulse drives the
plate of the 6N7 more positive due to the com-
mon resistance between it and the cathode
of the detector, and ground. This of course
means that the current due to the noise pulse
flows almost entirely between the eathode and
plate of the 6N7 instead of taking its normal
course through the audio volume eontrol.



