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Introduction

The heart of a superheterodyne is its
frequency-changer—the first detector-
oscillator system which converts the fre-
quency of any incoming signal to the
fixed frequency of an intermediate fre-
quency or long wave R.F. amplifier;
where subsequent stages of amplifica-
tion build up the signal to the desired
level.

It is the purpose of this article to re-
view the development of the various cir-
cuits which have been used or proposed
for this application, to point out the ad-
vantages and disadvantages of each,
and to give service hints, so that the
service engineer or radio repairman

can proceed with confidence in making

any required adjustment.

Why the Superheterodyne?

Let us begin by briefly explaining the
advantages of the seemingly roundabout
way employed in superheterodynes for
the amplification and selection of radio
signals, as compared with the direct
method of amplifying the signal at its
original frequency (or tuned radio fre-
quency amplification).
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The advantages are:

1. Better adjacent channel selec-
tivity

2. Uniform selectivity

3. Better circuit stability

4. Uniform gain at various fre-
quencies

5. Lower cost for equivalent per-
formance

The advantages listed above arise
directly from the use of a fixed tuned
radio frequency amplifier (L.F.), oper-
ating generally, but not necessarily, at a
lower frequency or alonger wave-length
than the received signal. Precision
adjustment for optimum performance
is made when the receiver is con-
structed, and these adjustments will re-
tain their correct setting for extended
periods of time. The amplifier constants,
such as the inductance of the coils, the
coupling of the coils, and the value of
the tuning capacitors, have been selected
to give the best results at the desired
frequency. Physically such an amplifier
can be built with great compactness
since adjustable compression type mica
condensers or small fixed condensers
are used for tuning; as compared with
the bulky and expensive air dielectric
gang tuning condensers required for a
tuned radio frequency amplifier.

A recent Superheterodyne incorporatirig
modern design practices (RCA 27K)

Even the least expensive superhetero-
dynes usually have a total of five tuned
circuits contributing to the selectivity
of the receiver—a tuned antenna stage
and two tuned circuits in each LF. trans-
former. A comparable T.R.F. receiver
would have to employ a five-gang vari-
able condenser—a form of construction
so expensive as to limit its use to only
the most expensive sets. Furthermore,
gang condensers are bulky, and require
long leads for connections. This, in
turn, causes coupling between circuits
so that elaborate shielding must be used
to provide isolation and to prevent the
amplifier from oscillating. Such shield-
ing is obviously costly.

When amplification occurs at signal
frequency, the amplifier must be tuned
to the signal, and in conventional engi-
neering practice this is accomplished by
connecting a variable air dielectric ca-
pacitor across each inductance. Thus,
the L/C ratio (the ratio of inductance
to capacity) varies as the condenser is
adjusted for various frequencies, and
the selectivity characteristics are not
constant with {requency. The changing
L/C ratio varies the Q of the circuit.
The Q of a circuit is the ratio of induc-
tive reactance to resistance and consti-
tutes a figure of merit for a tuned circuit
since the higher the Q, the sharper the
tuning. The effect of variable capacity
also makes it exceedingly difficult to de-
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sign R.F. transformers having uniform
gain with frequency, since the gain is a
function of the impedance of the tuned
circuit, which varies with the Q. Even
more difficult is the designing of double-
tuned transformers (tuned primary—
tuned secondary type) since coupling
varies with capacily.

The fixed tuned LF. amplifier of a
superheterodyne is not open to any of
these objections.

There is another advantage of the
superheterodyne circuit which is inher-
ent toall such receivers using an inter-
mediate frequency lower than the
frequency of the received signal, name-
ly—arithmetical selectivity. Radio sta-
tions on the broadcast band are located
with 10 ke. channel spacing. It is highly
desirable for a radio receiver to dis-
criminate against interference from an
adjacent channel. The percentage of
difference between the frequency of the
desired signal and the signal on an
adjacent channel varies with the fre-
quency, thus, at 550 kc. the adjacent
channels are off-resonance by 1.8%. At
1,000 kc. the difference is 1%, while
at 1,500 kc. the difference is only
0.66%.

In a superheterodyne the incoming
signal is converted to the frequency of
the LF. amplifier. An adjacent channel
station is still removed by 10 ke. at the
intermediate frequency. Thus, with
a 465 kc. intermediate frequency
the percentage difference between the
adjacent channels becomes over 2.1%.
This percentage difference is constant
at any portion of the broadcast band.

In this connection it is interesting to
note that the percentage difference in-
creases with lower LF. frequencies.
With a 175 kc. LF. the adjacent chan-
nels are separated by almost 6%, while
at 50 ke. (a value used by some manu-
facturers in the very early days of the
industry) the percentage difference is
20%.

However, the problems of images
and spurious responses increases rapid-
ly with decreasing LF. frequency so
that the industry has largely standard-
ized on values near 465 ke. The pos-
sible presence of such interference
constitutes the main objection to
the superheterodyne principle, and con-
sequently the subject will be discussed
in a later paragraph.

How the First Detector-Oscillator
Works

The fundamental operation of the
first detector and oscillator is shown by
the block diagram, Figure 1. The
incoming signal is fed into a vacuum
tube, which may be a diode, triode,
tetrode, pentode, or one of the more
complicated types. The output of a local
oscillator is also fed into this tube,

where the two inputs are combined to

produce the intermediate frequency.
By means of special tubes or special
circuits it is possible to combine the
oscillator and mixer functions in a sin-
gle tube—however, the fundamental
operating principles remain the same.

FIRST

DETECTOR

INTERMEDIATE
FREQUENCY

INCOMING
SIGNAL

LOCAL
OSCILLATOR

Fic. 1

The local oscillator of a superhetero-
dyne receiver serves two functions.
First, it provides a frequency which
will combine with the radio-frequency
signal and produce, through detection,
a new radio frequency wave called the
intermediate frequency. For this pur-
pose the local oscillation need only be
of the same order of amplitude as the
signal.

When the signal and the local oscil-
lator voltages are combined in the same
circuit, at a given instant they may be
either opposing or aiding one another.
If the frequency of the signal and
that of the oscillator differ (as is the
case in a superheterodyne receiver),
then the two voltages will be alternately
aiding and opposing each other at a
repetition rate equal to the frequency of
the new signal voltage. This combining
of the two radio-frequency voltages is
called heterodyning, or beating. The
beat frequency, called the intermediate
frequency, is not produced immediately
as a result of combining the two radio
frequencies. There are still only the
original frequencies present but the
envelope of the combined wave is vary-
ing in amplitude at the beat frequency
rate. To create the new intermediate
frequency, this wave must pass through
a detector,

The second function of the local
oscillator is to raise the efficiency of
detection. If the incoming signal im-
pressed on the detector is of the order of
1 millivolt and the local oscillator volt-
age impressed on the detector is of
about the same value, the rectified out-
put would be practically zero. The
amplitude of the voltage impressed on
the detector must be of such a magni-
tude that the tube characteristic is dif-
ferent for the positive and negative half
cycles of oscillation. Increasing the
local oscillation voltage beyond the
requirements for producing the beat
envelope will result in raising the effi-
ciency of rectification. The amount of
local oscillation required for most effi-
cient conversion of the radio wave into
the intermediate wave is determined by
the detector tube design and usually
runs between 5 and 15 volts in conven-
tional circuits.

It will be seen from the above discus-
sion that the efficiency of conversion of
a heterodyne detector in a superhetero-
dyne receiver does not follow the cus-
tomary square-law response as does the
second detector and that no matter how
weak the incoming signal may be, there
is no threshold below which the detector
fails to operate.

The first detector is operated over a
non-linear part of its characteristic. The
local oscillation may be supplied from
a separate tube and impressed on the
grid circuit of the detector through a
coupling in its cathode lead, or it may
be supplied from other tube elements
within the same detector tube. Some of
the tube elements may serve the double
purpose of both oscillator and detector.
In this latter case the local oscillations
may not appear in the signal input grid
circuit. They will, however, serve their
purpose of changing the operating
characteristic of the detector by alter-
ing the electron flow through the detec-
tor part of the tube as the local oscilla-
tion swings through its cycle. The
detector tube is, in effect, cut off on the
negative cycles. This is the condition
required for detection. In addition to
serving as a detector and sometimes as
an oscillator, the first detector tube also
acts as an intermediate frequency am-
plifier since the detection takes place in
the grid circuit. The amplification thus
obtained is approximately one-half the
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value which would be obtained if the
tube were used as a conventional inter-
mediate frequency amplifier. This is
due to the fact that the local oscillator
swings over the low gain part of the

tube characteristic on its negative half
cycle.

The first detector and the local oscil-
lator of a superheterodyne receiver
each perform two important functions:

MANUAL

The detector creates and amplifies the
intermediate frequency; the oscillator
raises the efficiency of detection and
combines with the signal to produce the
intermediate frequency signal.

The Desired Signal, Images, and Spurious Responses

The Desired Signal

We have stated that the intermediate
frequency signal is produced by com-
bining the incoming signal with R.F.
energy from a local oscillator. The com-
bining of frequencies for the produc-
tion of beats or heterodynes follows
simple arithmetic in that the two fre-
quencies are simply added or sub-
tracted. However, there are a number of
practical considerations which prevent
the dismissal of the subject with this
brief statement. We believe the matter
can be most easily explained by using
specific examples.

Let us assume that we have a desired
signal of 1,000 ke., and an intermediate
frequency of 465 kc. The conventional
way of producing the LF. frequency is
by operating the oscillator at a higher
frequency than the incoming signal—
thus:

Oscillator — Signal = Output
1,465 kec. 1,000 kc. 465 ke.
Although the intermediate frequency
could be obtained by operating the
oscillator at a lower frequency than the
signal:
Signal — Oscillator = Output
1,000 ke. 535 ke. 465 ke.
The reason the oscillator is not used

on the low side for broadcast band re-
ception is that a greater tuning range

would be required for the oscillator

than for the antenna or R.F. tuning—
thus:

Signal Oscillator Output
550 ke. 95 ke. 465 kc.
1,500 ke. 1,035 ke. 465 kc.

A tuning range of 95 ke. to 1,035 ke.
would be impossible to secure without
band switching.

When using the oscillator on the
“high side” the tuning range of the
oscillator is less than tuning range of
the antenna.
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Signal Oscillator Output
550 ke. 1,015 ke. 465 ke.
1,500 ke. 1,965 ke. 465 ke.

It will be noticed that while the
antenna frequency tuning range has a
ratio of roughly 3 to 1 between maxi-
mum and minimum, the oscillator tun-
ing range is approximately 2 to 1.

To provide the single dial control
required of modern receivers, some
method must be used to restrict the tun-
ing range of the oscillator so that a
uniform separation of the value of the
intermediate frequency is maintained
between the signal tuning and the osc’l-
lator tuning. If a 465 kc. intermediate
frequency is used the oscillator tuning
must always be 465 kc. removed from
the signal. This cannot be accomplished
by simply using a smaller coil for the
oscillator, the effective tuning capacity
must also be reduced. This may be ac-
complished by connecting a condenser
in series with the oscillator section of
the tuning condenser to reduce its effec-
tive capacity. The series-connected con-
denser is called the low-frequency pad
and its adjustment is, or should be,
familiar to all servicemen. Another way

of accomplishing the same object is to
use a gang condenser in which the oscil-
lator tuning section has specially
shaped plates of smaller area than the
plates of the variable condenser sec-
tions used to tune the antenna and R.F.
stages.

It is interesting to note that if the
receiver is designed with the oscillator
operating at a lower frequency than the
signal, the low frequency pad or pads
would be placed in the antenna and R.F.
sections of the circuit. This unorthodox
method of using a “low side” oscillator
would prove of advantage in designing
an ultra-high frequency receiver, since
the oscillator would have greater out-
put and stability when operating at a
lower frequency. The difference be-
tween the “low side” or lower frequency
oscillator operation and “high side” or
high frequency oscillator operation
amounts to twice the intermediate fre-
quency, and with a 465 kc. LF. the
difference in efficiency would be negli-
gible. However, with a 5 megacycle LF.
the difference in oscillator frequency of
10 me. between the two methods of op-
eration could result in a considerable
improvement in oscillator performance.

Images and Spurious Responses

We approach the subject of “Images
and Spurious Responses” with some
hesitation, because in this section it is
necessary to point out the essential
defects of the superheterodyne system.
It is difficult to point out how various
forms of interference originate within
the superheterodyne without appearing
to condemn the principle of the receiv-
er. Therefore we wish to state em-
phatically that the superheterodyne is
truly the king of radio receivers, and
that while various improvements will
undoubtedly occur, the fundamental
design will remain. This fact has been
recognized for many years.

The difficulty arises in the inability

to give a quantitative analysis of the
intensity of the various unwanted re-
sponses of the circuit as compared with
normal interference which originates in
the turmoil of our broadcast band.
After all, it must be realized that
there are only 95 channels for broad-
casting stations in the frequencies lying
between 550 kc. and 1,500 kc. and on
these 95 channels are located over 600
broadcasting stations. Satisfactory re-
ception can be obtained only on the few
clear channels; or from local stations
which have sufficient power to over-ride
interference originating from perhaps
a dozen other broadcasting stations
operating on the same wave length. An
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unwanted whistle or squeal does little
harm when it lands on a channel which
at the location of the receiver is unus-
able anyway; so that most of the effects
to be described will never be noticed by
the average listener.

So far, we have been discussing the
desired signal. However, many signals
other than the desired signal reach the
first detector, since the selectivity of the
usual input circuits of the average
receiver is anything but perfect. Signals
from the adjacent channels are rejected
by the selectivity of the intermediate
frequency amplifier. However, there
are numerous signals and combinations
of signals that can produce heterodynes
which will pass through the LF. ampli-
fier. These spurious responses can cause
annoying interference, and a short
resumé of their causes is of interest.

Images

Let us revert to the specific example
used previously. Assume we have a
standard superheterodyne receiving a
1,000 ke. signal, and using a 465 ke.
LF. Then the normal operation of the
receiver is:

Oscillator — Signal = LF.

1,465 kc. 1,000 ke. 465 ke.

However, if a nearby station is oper-
ating at 1,930 kc. with sufficient inten-
sity to produce an appreciable signal on
the first detector grid, the resulting sig-
nal will be passed by the LF. Thus:

gndesued — Qscillator = LF.
ignal
1,930 ke. 1,465 kc. 465 kec.

The image is simply the “low side”
oscillator response, and the image is
always removed from the desired signal
by twice the value of the intermediate
frequency.

A corollary of this is that the higher
the intermediate frequency, the farther
the image is removed from the desired
signal. Naturally, the farther the image
is displaced from the signal, the easier
the problem of preselection. With re-
ceivers using the old standard 175 ke.
I.F., the image response to frequencies
between 550 ke. and 1,250 kc. was in
the broadcast band (900 kc. to 1,600
ke.), so that the possibility of spurious
response and interference is consider-

able. This is the reason why 175 kc. has

been largely dropped by the industry;
and why the better class of receiversthat
employ this LF. frequency will be found
to use two, three, or even four tuned
circuits before the first detector. With
456 and 465 kec. LF. amplifiers the
image (except for a few channels) falls
outside the broadcast band; further-
more the percentage of difference be-
tween the frequency of the desired
signal and the image becomes so large
that the rejection of a single tuned cir-
cuit, such as a tuned antenna stage,

becomes adequate for ordinary house- -

hold reception. The mathematical ratio
of the response of a receiver to a wanted
signal, as compared to the response to
the image, is frequently called the image
ratio, and the greater the ratio, the bet-
ter the receiver.

Spurious Responses from
Harmenics

The strength of the harmonics
emitted by modern transmitters is very
small in comparison with the power of
the fundamental wave, and in most
instances the actual harmonics cause lit-
tle interference. The regulations of the
Federal Communications Commission
take care of this. However, strong har-
monics of a signal may be generated in
the first detector tube; and the effect
will be exactly the same as if the har-
monics originated at the transmitter,
except that the locally generated har-
monics will be present only on the
stronger signals.

The production of harmonics by the
first detector generally occurs by reason
of grid rectification, the incoming sig-
nal having sufficient amplitude to over-
ride the grid bias. This effect and its
cure is described on page 10. It is the
purpose of this section to point out the
spurious responses which may result
from the harmonics. Thus the second
harmonic of a 1,000 ke. signal would
be 2,000 ke.; and if the harmonic pos-
sessed a reasonable intensity it could be
picked up when the receiver was tuned
to that frequency. In this example, little
harm would result to the broadcast lis-
tener since 2,000 kc. is outside of the
broadcast band. However, second har-
monics of stations from 550 to 800 ke.
fall in the broadcast band in fre-

quencies from 1,100 ke. to 1,600 ke. As
an example, the harmonic of a 700 ke.
station could spoil reception from a
1,400 ke. station—the effect would be
the same as two stations on the 1,400 kc.
channel.

Third, and higher harmonics are
occasionally encountered in high fre-
quency reception—their intensity is
usually considerably less than the
intensity of the second harmonic, but
their presence may fool the listener into
believing that he is listening to a distant
short-wave station, when the signal
actually is originating in a local trans-
mitter. .

If the harmonics originate at the
transmitter, the harmonics are actual
radiated waves and they will be picked
up by any receiver of adequate sensi-
tivity, regardless of its design. The
effect of generating the harmonics at
the receiver is more pronounced in the
first detector of a superheterodyne than
in other types of radio circuits. Proper
circuit design, including the use of pre-
selection, provides a satisfactory answer
to the problem. A modern short wave
receiver with one or two stages of tuned
R.F. amplification before the first
detector rarely shows this defect.

Oscillator Harmonics

The oscillator of a superheterodyne
can, and usually does generate an abun-
dance of harmonics. In fact, this effect
was deliberately used in the early
Radiola 2nd Harmonic Superhetero-
dynes, in which the fundamental fre-
quency of the oscillator was one-half
the desired frequency. The purpose was
to prevent interlock because the low
intermediate frequency employed ' would
normally place the resonant points of
the oscillator and the detector input
coils very close together. The second
and higher harmonics of the oscillator
are capable of beating with an incom-
ing signal, and if the difference in fre-
quency between the two equals the
intermediate frequency the resultant
output will pass through the L.F. ampli-
fier. As specific examples:

Desired
Oscillator — Signal = LF.
1,465 kc. 1,000 ke. 465 ke.

2nd Harmonic of 1,465 kc.=2,930
25


































































