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with the grid bias changes. In a later part of this book we shall
have occasion to take up some of the troubles which are peculiar
to systems of this and other types and to indicate the symptoms
associated with defects in various parts of the cireuit.

Delayed A.V.C. and Automatic Delay Amplifier

In contrast to the type of a.v.c system just described, we find
a different type, in which amplification 1s used—but for a dif-
ferent purpose. In the system now under discussion there is no
amplification used for the a.v.c. voltage, but instead, the delay
voltage is obtained through a stage of amplification and is auto-
matically varied in accordance with the signal level. This is
saying a great deal.

In Figure 54 we show that part of the complete circuit of the 1936
model Motorola Golden Voice receiver, which is of interest to us. Upon
examination of the circuit you will find that the signal is applied to the
diode section of the duo-diode triode 6R7 through the small couphng
condenser C2. The load for the two diodes which are connected in par-
allel consists of R3 and R4. Two additional significant details are evident
in the schematic. The first is that the cathode of the 6R7 is grounded
through the bias resistor R6. Seccond, the control grid of the triode por-
tion of the 6R7 tube is connected in such manner that it receives the full
a.wv.c. control voltage.

Why these unusual circuit conncctions? What is the purpose of R6? To
answer these questions we must investigate the relation between the
voltage drop across R6 and the operation of the a.w.c. rectifier. If we
assume that the voltage drop across R6 is zero, then the a.v.c. rectifier
composed of the two diodes and its associate cathode will function as an
ordinary rectifier without any delay voltage. On the other hand, if a
voltage drop exists across R6 then the diode section will function as a
delayed a.v.c. rectifier,—the delay voltage being that developed across R6.

If we assume for the moment a fixed value of voltage drop across R6,
the action of the circuit is substantially similar to that of the basic delayed
a.v.c. system described earlier in this text. However—there is a departure
from conventionality in the present circuit. This departure is that the
delay voltage ts not kept at a fixed value, but the control is varied auto-
matically in accordance with the size of the input signal to the receiver.
Let us see how this is done. When there is no input signal no voltage
can be developed across the a.v.c. rectifier load. This means no voltage
across R3 and R4—hence the control grid of the triode section as the
consequence of its connections to R5, R3 and R4—is at ground potential.
During this condition of zero voltage on the control grid of the triode, it
stands to reason that the plate current of the triode is high and since the
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plate current flows through R, the voltage across the cathode resistor R6
will be correspondingly high.

What is the effect of this condition? We stated that a posi-
tive value of voltage on the cathode means a delay voltage in the
diode circuit because the diode load is returned to ground and
not to the cathode—hence the diode plate is negative with respect
to its cathode. It therefore stands to reason that for conditions
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Fig, 54. A system of delayed a.v.c. used in the Motorola Golden
Voice receiver in which the delay voltage is amplified and auto-
matically controlled.

of no input signal, there is a large value of delay voltage and the
a.v.c. rectifier does not function to supply a control voltage to
the controlled tubes. As a matter of fact this same condition pre-
vails for low values of input signal.

What changes take place as the input signal to the receiver
is increased? In the first place, as the input signal is increased
a value of signal strength will finally be reached when the signal
voltage across the a.v.c. rectifier is sufficient to overcome the
delay voltage due to the drop across the cathode resistor R6.
Rectification will take place and a control voltage will be avail-
able across R3 and R4. As the input signal is increased beyond
this value, we see the effect which the connection of the triode
grid to the a.v.c. line has upon the mode of operation of the cir-
cuit. Since the grid is connected to the a.v.c. bus, it follows that
when the input signal is increased beyond the threshold value,
the control voltage across R3 and R4 is equivalent to a negative
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bias, which is applied to the control grid of the triode and as the
consequence of this negative voltage upon the grid of the triode,
the plate current of the triode section decreases. This decreased
value of plate current flowing through R6 makes the cathode of
the 6R7 less positive with respect to ground and in this way
lowers the delay voltage which is applied to the diode plates.

We see, then, that for increasing values of input signal, the
delay voltage, which was effective in making available the full
sensitivity of the receiver for weak signals, is removed. The
extent to which the delay voltage is decreased becomes greater
—the greater the value of input signal. It remains for us to
explain why this automatic variation of the delay voltage in ac-
cordance with the signal input is desirable. We need hardly com-
ment upon the desirability of a delay voltage for weak values of
signal input. But, why it should be desirable to remove the delay
voltage as the signal input is increased beyond the threshold
voltage is not quite so apparent. There are several reasons why
this action is desirable. In the first place, once the threshold
signal has been passed, the delay voltage has served its function
of preventing a decrease in the weak signal sensitivity of the
receiver. Furthermore, you will recall that we previously dis-
cussed the effect of delayed a.v.c. in producing distortion at high
percentages of modulation and while we stated that the effect was
not pronounced in properly designed delayed a.v.c. systems, at
the same time the system just described, by removing the delay
voltage for increasing values of input signal, minimizes this effect.
In addition to reducing the distortion characteristic of delayed
a.v.c. systems, the system just described is, on the whole, pro-
ductive of a flatter response curve than a simple type of delayed
a.v.c. since, for the larger values of input signal, the full output
of the rectifier is made available as a result of the removal of the
delay voltage.



Chapter V
NOISE SUPPRESSION OR QUIET A.V.C. SYSTEMS

IN TuE first chapter of this book, we described in general
terms, the desirability for a system of a.v.c. which would prevent
excessive noise when tuning between stations, and which would
reduce the receiver output to zero whenever the signal strength of
the received signal was so low as to prohibit satisfactory reception
—with respect to signal-noise ratio. . . . Such is quiet a.v.e.—
also known by several other descriptive titles.

Having previously discussed the general features of quiet
a.v.c. systems, we now want to go into somewhat more detail
concerning the more widely used methods for blocking the re-
ceiver whenever the signal input falls below a predetermined
value—which is generally described as the squelch level. In
general, this blocking of the receiver can be accomplished in
many ways. . . . Any one of the several channels through which
the signal passes before it reaches the speaker can be acted upon
by a control voltage to prevent the receiver from function-
ing. . . . For example, in some quiet a.v.c. systems, the last in-
termediate-frequency amplifying stage is blocked, whereas in
other systems, this blocking voltage is applied to the first audio
stage. In still other systems, blocking can be accomplished by
preventing rectification of the modulated i-f, signal in the second
detector tube.

Second Detector Q.A.V.C. Systems

Perhaps the simplest type of quiet a.v.c. to comprehend is that
type stated in the heading of this paragraph—namely, the type
which depends for its action upon the blocking of the second de-
tector whenever the input signal falls below a pre-established

71



72 AN Hour A Day Wite Riper

value. This system is used in a considerable number of receivers
and, on the whole, finds its greatest application in auto radio
receivers—but it should be understood that it is not necessanly
limited to such receivers. Furthermore, a number of variations
of this circuit arrangement are to be found and some of these
variations will be described in the pages which follow.

The basic circuit, which is characteristic of quiet a.v.c. sys-
tems of the blocked second detector type, is shown in Fig. 55.
The circuit as shown has been stripped of all of its non-essentials
and for this reason appears to contain but few components,

TF 2NPDET.

Fig. 55. The partial sche-

matic at the left is the
£o basic circuit of noise sup-
pression systems, which
function by means of a de-
lay voltage, Ep, in series
with the diode of the
second detector.

However, you will observe that the circuit is similar in character
to that which has been illustrated as being typical of a delayed
a.v.c. circuit. The signal from the last i-f. stage is fed to the
second detector and a voltage, designated as Ep, is inserted in
series with the cathode. The effect of such a voltage in series
with a rectifier circuit, and with the cathode made positive with
respect to ground or its plate, has been previously discussed in
connection with the explanation of delayed a.v.c. action. How-
ever, in this case, the purpose of the delay voltage is contrary to
that intended in a delayed a.v.c. system. Here, the purpose of
the voltage is to prevent rectification of signals until the input
signal voltage exceeds the value of this delay voltage. You will
recall that in connection with delayed a.v.c., the function of delay
voltage was to prevent the development of an a.v.c. control
voltage until the received signal was greater than a certain prede-
termined value. Rectification, on the other hand, was accom-
plished by another tube and an output signal was at all times
available. In this case, however,—there being no rectification
until the input signal is greater than a predetermined value—the
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receiver is quiet, or silent, until a signal of proper value is tuned
in. The magnitude of the required signal is slightly greater than
that of the delay voltage. In arrangements of this type, the tube
is generally utilized solely for the purpose of detection and
a.v.c. control voltage is generated by some other means. The
value of the voltage Ep is, therefore, the factor which permits the
choice of the minimum signal level at which the receiver will
operate.

In view of the usual importance of sensitivity, you will be
tempted to say that such a circuit arrangement will tend to lower
the sensitivity of a receiver since it becomes impossible to obtain
any output until the input signal reaches an appreciably high
value so as to overcome the delay voltage. This is correct, except
for one fact—namely, that the design of the usual receiver is such
that the delay action is not experienced with the normal run of
signals—even weak signals, because the amplification available
between the antenna and the second detector is such as to provide
a reasonably strong input into the second detector and thereby
overcome the delay voltage. However, since it is possible that
extremely weak signals of unsatisfactory value may be tuned in,
the g.a.v.c. system provides freedom from noise during such time.
These items are points of interest in connection with design rather
than service work. Consequently, we do not deem it necessary
to go into a detailed discussion concerning the effect of the second
detector delay voltage upon sensitivity or distortion.

Delayed Second Detector Circuit in Atwater Kent 776

An example of the basic eircuit shown in Fig. 55 is illustrated
in commercial form in Fig. 56, which is a schematic of the second
detector and a.v.c. system used in the Atwater Kent 776 receiver.
You will note that the circuit employs a duplex-diode triode tube
to perform the functions of delayed a.v.c., delayed second
detection and audio amplification. Considering the delayed a.v.c.
circuit first, D1 is used as the a.v.c. diode and the diode load is
the resistor R1. The a.v.c. voltage is distributed to the controlled
tubes through the filter network composed of R2 and C2. As to
the delayed a.v.c. action, the a.v.c. delay voltage is that which is
developed across R3 and R4 in series. Inasmuch as these re-
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spective voltages are 6 volts, the delay bias effective in the a.v.c.
circuit is 12 volts,

Now, as to the delayed rectifier circuit which is related to the
g.a.v.c. action, you will note that the load upon the second de-
tector diode D2 circuit is the resistor R5. Furthermore, you will
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Fig. 56. The circuit used in the Atwater Kent Model 776, where a
delay voltage of 6 volts is obtained by returning RS to the junction
of R3 and R4, instead of to the cathode. The delay voltage in the
a.v.c. circuit is 12 volts (the drop across R3 and R4) and is ob-
tained by returning R1 to ground.

note that this resistor is returned to the cathode circuit at the
junction point between R3 and R4. Consequently, the cathode of
the second detector is positive with respect to its diode D2 by the
value of voltage dropped across R3, namely, 6 volts. In other
words, the voltage drop across R3, in Fig. 56, is the equivalent of
the voltage Ep shown in Fig. 55—so that the second detector does
not begin to operate until the input signal to the D2 diode is in
excess of the 6 volts. From what has been said, you no doubt
appreciate that it is the voltage drop across R3 which determines
the magnitude of the second detector delay voltage and, conse-
quently, determines the minimum signal at which the receiver



Avuromatic VorLuMmME CoONTROL 75

will begin to function. If the signal supplied to the D2 diode is
less than 6 volts, there will be no audio output. This is the con-
trast to the fact that the a.v.c. action does not begin until a signal
input of approximately 12 volts is applied. Thus in between the
squelch signal level and the a.v.c. threshold voltage level, there
is no a.v.c. action.

Optional Quiet A.V.C. in Stromberg Model 33-A

In Fig. 55 we showed the rectifier delay voltage as being
gecured from a battery. In Fig. 56 we showed this rectifier delay
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Fig. 57. The delay voltage of this “Q” circuit is introduced in the
detector circuit when the “Q” switch is closed, by means of the
voltage drop across RS.

voltage as being secured by means of the voltage drop across the
cathode bias resistor. Another arrangement, and one which pro-
vides for optional quiet a.v.c., is shown in Fig. 57. This is a
partial schematic of a Stromberg Carlson 33-A auto receiver.
While the previous systems described did not incorporate a
manual adjustment for permitting a choice of quiet or conven-
tional a.v.c., you will note that the circuit shown in Fig. 57 is
equipped with what is designated as a “Q” switch, which permits
either ordinary a.v.c. or quiet a.v.c., depending upon whether the
“Q” switch is open or closed.
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Let us examine the general circuit arrangement. The pentode section of
the 6B7 functions as the i-f. amplifier, and the i-f. transformer in the plate
circuit of this tube has the conventional primary winding, L11, and two
secondary windings, L9 and L10. The winding L9 feeds the signal into the
upper diode section, which section operates as the second detector. The
load for this diode is resistor R8, bypassed by condenser C12. In this con-
nection you should note carefully that R8 is returned directly to the
cathode, so that when the “Q” switch is open there is no difference in
potential between the cathode and the plate, consequently there is no
delay action. The audio voltage developed across R8 is fed to the audio
volume control, R13, through the series combination of R12 and C17. Rec-
tification takes place irrespective of the value of the input signal.

As to the awv.c. circuit, the signal voltage is fed to the lower diode
through the coil L10, and the load for this a.v.c. diode is resistor R9. Since
R9 is returned directly to ground and the cathode of the 6B7 is above
ground, due to the voltage drop across resistors R6 and R7, it therefore
follows that the a.v.c. action is of the delayed type—and that the delay
voltage is equal to the drop across these two cathode resistors. ... So
much for the second detector and a.v.c. action when the “Q” switch is
open. . . .

What happens when the “Q” switch is closed? ... We now have a
different state of affairs. To start with, closing the “Q” switch places RS
and R11 in series and in shunt with the two cathode resistors, R6 and R7.
We stated that the cathode is above ground by the sum of the voltage drops
across R6 and R7. This voltage is due to the flow of current through
these two resistors. With the “Q” switch closed, the current will naturally
divide between the series combination of R6 and R7 and the series combi-
nation of R8 and R11. Since there is current flow through RS, it stands to
reason that a voltage drop will take place and the polarity of this voltage
will be such as to make the cathode positive with respect to the upper or
second detector diode. Consequently, the second detector will not begin
to function until the signal input across L9 is greater than the voltage drop
across R8. In this way, with the “Q” switch closed, the second detector is
inoperative for weak signals or all signals lower in value than the drop
across RS.

It is important to understand that the voltage drop across RS, utilized
as the delay rectifier voltage, is due to the current in the cathode circuit
and which current, as has already been stated, divides between the two
parallel branches, R6 and R7, and R8 and Rll-—when the “Q” switch
is closed.

Variable Delay Voltage in Second Detector Circuit

In all the circuits of the delayed second detector type, which
we have considered up to this time, the squelch signal cannot be
varied once the magnitude of the bias voltage is set. In other
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words, to vary the squelch voltage, it is necessary to vary the
delay bias voltage. In locations where the noise level is quite
high, which place or places are located in proximity to powerful
broadcasting stations, it would, in general, be desirable that the
squelch signal be adjusted for comparatively high value. This
would make it possible to receive properly the desired stations
and at the same time eliminate the annoying noise between sta-
tions. On the other hand, in locations which are remote from
transmitting stations, and where it is necessary to utilize the
maximum sensitivity of the receiver, a low value of delay bias
voltage is desired. Now, in view of the fact that practically each
and every location is of dual character—that is, has its nearby
stations, and it is still desired to receive distant stations—it
would be advantageous to have some means whereby the magni-
tude of the squelch signal can be definitely controlled at the re-
ceiver. In other words, it would be advantageous to provide
noise suppression which can be adjusted to operate at various
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Fig. 58. This circuit makes possible both a manual and an auto-
matic variation of the second detector delay voltage, as explained in
the text.

An interesting circuit which makes it possible to set the
squelch signal to fit the conditions under which the receiver is to
be operated and which, at the same time, provides a certain
measure of automatic control over the delay voltage, is shown
in Fig. 58. The unique feature of this circuit is the connection
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of the 6H6 sccond detector cathode so that it returns to ground
through the resistance of the sensitivity control R1, which is
placed in the cathode circuit of the first r-f. amplifier tube. As
the consequence of the connection of the 6H6 second detector
cathode to R1, as shown, the voltage drop across R1 serves as
the rectifier delay voltage. Before we can analyze the manner in
which the automatic variation of the second detector cathode
voltage is accomplished, the operation of the sensitivity control
R1 must be understood.

When the resistance of this control is set at zero, there is a
minimum bias voltage on the first r-f. amplifier, and consequently
the maximum sensitivity of the receiver is available. Further-
more, since the cathode of the 6H6 second detector is also re-
turned to ground through R1, it follows that when the resistance
of Rl is zero, the delay voltage in the second detector circuit
will likewise be zero. On the other hand, when the full sensi-
tivity of the receiver is not necessary, the resistance of Rl is set
to some value greater than zero and the voltage drop across Rl,
as a result of the plate current flow through this resistor, increases
the bias applied to the r-f. tube and, likewise, becomes the delay
voltage or squelch voltage in the second detector circuit.

The action, which has just been explained, is in keeping with
the type of performance which is desired—in that no squelch
action is obtained under conditions of maximum sensitivity.
Furthermore, when the full sensitivity of the receiver is not de-
sired, the squelch action automatically comes into play. Last,
but by far not the least, the magnitude of the squelch action
is increased as the required sensitivity is decreased. As you no
doubt have noted, the variation of the sensitivity control R1 is
a manual operation. However, there is also automatic variation
of the squelch voltage in accordance with the magnitude of the
input signal to the receiver. This can be understood by analysis
of the following considerations. If we assume, for a moment, a
given value for the resistance of R1, that is, assuming that the
sensitivity control is set at some value other than zero, then
when the receiver is tuned to a strong signal, the a.v.c. action will
operate to increase the bias of the first r-f. stage and, conse-
quently, the plate current of the first r-f. stage will be still
further reduced. This, in turn, means that the voltage drop
across R1 will be small; consequently, the delay voltage applied
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to the second detector circuit in the form of a squelch voltage
will likewise be small. We see then that regardless of the setting
of the sensitivity control—under conditions of strong input signal,
the a.v.c. action will always operate to keep the delay voltage
in the second detector circuit at a minimum. This is a very
desirable condition, in that the second detector delay voltage does
not function when the signal is being received and, as a result,
there is little possibility of distortion being introduced from this
source during detection.

On the other hand, as the receiver is detuned from a signal,
the a.v.c. action decreases the bias on the first r-f. stage, and the
plate current of this stage rises. As a result, the bias voltage
developed across the sensitivity control increases and this means
that an increased delay voltage is applied to the second detector
and, as a result, will block the receiver. However, as soon as the
receiver is retuned to another carrier, the a.v.c. action takes place
—the voltage across R1 decreases—and this results in a decreased
delay voltage in the second detector circuit, and normal detector
operation is again secured. We can thus see that in the circuit
described, which happens to be that used in the Motorola Golden
Voice, the delay voltage in the second detector circuit functions
only during periods when the applied signal is small.

Blocked Audio Type of Quiet A.V.C.

Another type of quiet a.v.c. is that which depends for its
action upon the blocking of the audio amplifier rather than the
second detector whenever the input signal fails below a certain
value. In general, circuits of this type depend upon the applica-
tion of a control voltage to reduce the voltage amplification in the
first audio stage to a point where no signal reaches the speaker.
The element to which this control voltage is applied may be
either the plate, the screen grid, the suppressor grid, or the control
grid, depending of course upon the circuit design.

The circuit shown in Fig. 59 is representative of the manner
in which blocked audio noise suppression circuits function. This
is the quiet a.v.c. circuit used in the Philco Model 810 PA re-
ceiver. You will note that the diode section of the first 75 tube
is used as the second detector and also as the a.v.c. tube. The
a.v.c. voltage is fed to the controlled tubes through the filter con-
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sisting of R4 and C3, while the negative voltage, which is applied
to the grid of the triode section of the 75, is taken directly from
the high side of the second detector load, R3. The plate of the
triode section, which serves as the “Q” tube, is connected to a
positive point on the voltage divider through a 1.0-megohm re-
sistor, R2. The diode section in the second 75 tube is not used.
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Fig. 59. The q.a.v.c. circuit used in the Philco 810 PA and which is
representative of the blocked audio type. The increased voltage
developed across R2, during intervals of low input signal, blocks the
first a-f. amplifier.

The triode section of this tube is the first audio stage, which is
controlled. From the connection of the cathode of the first audio
tube to the voltage divider at the junction of R7 and RS, it is
clear that an initial bias is placed on the first audio tube equal
to the voltage drop along RS8.

To examine the noise suppression action which is present, it is necessary
to examine the bias on the first a-f. tube under varying conditions of input
signal, When the input signal is high, then the voltage developed across
the detector load will also be high. Furthermore, with this high negative
voltage applied to the grid of the 75 tube, the plate current of the “Q” tube
will be very small. This in turn means that there will be practically no
voltage drop across R2 as the consequence of the “Q” tube plate current,
with the result that the bias on the first a-f. tube is not increased but is
equal to the normal value established by the voltage drop across R8.
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As the input signal falls to weak values, the bias on the “Q” tube is also
decreased so that the plate current of the “Q” tube increases. This in turn
results in an appreciable voltage drop across the l-megohm resistor R2.
The direction of current flow being into the plate of the tube, the bias on
the first a-f. tube will be increased to the extent of the drop along R2.
Since the 75 first audio tube is of the high-mu type, the circuit design is
such that the increased bias is sufficient to cut off the plate current of the
first a-f. tube and to reduce the amplification to zero. This naturally
blocks the receciver and produces an effective noise suppression action.

With the “Q” switch closed so as to short R2, no additional bias is im-
pressed upon the grid of the controlled tube under conditions of low input
signal, so that the “Q” circuit is inoperative, and the receiver then func-
tions at maximum sensitivity with no noise suppression action.

There are many other variations of this basic type of “Q” circuit which
depends for its operation upon cutting off the first a-f, stage for low values
of input signal. However, we feel that the explanation of a typical system
coupled with the similarity in operation of these circuits to others, which
have been explained in great detail, will suffice to enable the comprehen-
sion of other circuits without the necessity for further elaboration.

Blocked I-F. Amplifier Noise Suppression

It remains to discuss a third type of noise suppression, which
depends for its operation upon the blocking of the i-f. amplifier
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Fig. 60. A system of noise suppression which acts by blocking the
signal i-f. amplifier stage. This is done by the voltage drop across
R1, due to the large plate current of the triode section during
periods of low input signal.
during those periods when the input signal falls below a certain
value.

The circuit shown in Fig. 60 is a partial schematic of the
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RCA Model R-78, showing the essential parts of the a.v.c. and
noise suppression circuit. If you examine the schematic you will
note that there are two i-f. amplifier stages, one of which is used
to amplify the signal and which connects to the second detector
and the other which is used to amplify the voltage which feeds the
a.v.c. rectifier.

Each of the two diodes in the type 55 tube are used for separate pur-
poses. The diode designated as D1 is the a.v.c. rectifier and receives
its voltage from the primary winding through the small coupling condenser,
C4. The a.wv.c. voltage is fed to the controlled tubes from the voltage
divider composed of R5, R6, and R7. The second diode, D2, is connected
to the secondary winding of the i-f. transformer and the load for this
diode is the resistor, R4, which is bypassed for i-f. by means of the con-
denser, C3. You should observe that this resistor is returned directly to
the cathode, whereas the a.v.c. load is returned to ground. From the con-
nection of the a.v.c. diode load to ground it follows that the magnitude
of the a.v.c. delay voltage is equal to the voltage at the cathode of the 55.
This is also the voltage at the cathode of the signal i-f. amplifier stage,
since the cathode of the 58 is tied in with the cathode of the 55. The
plate of the triode section of the 55 is connected to B+ through the switch
designated as the “Q” switch. . . . Let us now analyze the operation of the
circuit.

As the figure shows, when no signal voltage is impressed on
the receiver, no voltage is produced across R4, the load of the
noise suppression diode D2. Sinee the triode section receives its
bias from the voltage across R4 it follows that under conditions
of zero or very small input signal, the triode section operates at
zero bias. Under this condition the plate current of the triode
is very large and approximately equal to 10 ma. Since this plate
current flows through the eathode resistor R1, which is common
to both the signal channel i-f. amplifier and the a.v.c. tube, this
10 ma. plate current will develop a positive voltage on the cath-
ode of the i-f. tube. Since the resistance of Rl is 4500 ohms,
the voltage drop across R1 will be 45 volts and this voltage is
sufficient to reduce the amplification of the i-f. stage to a point
where no signal voltage will reach the second detector.

Under conditions of larger signal input, the increased bias,
which is developed across R4 as a result of the increased input
signal, acts to reduce the plate current of the triode section and
hence to reduce the R1 bias on the signal channel i-f. stage. In
this way the sensitivity of the i-f. amplifier is restored under
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conditions of larger input signal and the receiver functions in
the usual manner.

Selectivity Considerations in “Q” Circuits

In a previous chapter we discussed the relation between the
selectivity present in the a.v.c. system and that in the signal
channel and showed that to obtain smooth tuning and to prevent
the accentuation of the upper audio frequencies for small degrees
of detuning from the signal, it is desirable that the selectivity of
the a.v.c. channel be less than that of the signal channel. What
about the “Q” circuit? Is it desirable that the selectivity of
the channel, which supplies the noise suppression rectifier, be
large or small to produce the best overall performance?

The answer to this problem is most easily obtained by con-
sidering the action which is desired when the receiver is detuned
slightly from the carrier. Under this condition the a.v.c. action
will be such as to raise the gain of the receiver so that if the
noise suppression action is to be effective for small degrees of
detuning, then the selectivity of the channel feeding the noise sup-
pression rectifier must be greater than that of the a.v.c. channel.
It is for this reason that in Fig. 60 the voltage supplying the
a.v.c. rectifier is taken from the primary side of the i-f. trans-
former, while the voltage which feeds the noise suppression recti-
fier is taken from the sharply tuned secondary winding. In this
way the noise suppression channel takes control of the amplifica-
tion for small degrees of detuning and acts to reduce the possi-
bility of objectionable noise,

Automatic Tone Control—Noise Suppression

Another method which is related to noise suppression but also
involves some other considerations—yet belongs in this chapter—
is that which employs the dynamic input capacity of a tube as
a means of tone control and noise suppression. Among the
receivers which utilizes this system are the Model 110 Stewart
Warner and the Model 105 Emerson. For extremely low input
signals, the system functions to shunt a capacity across the
second detector load which is sufficiently great so that the output
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of the receiver is substantially zero—hence noise suppression.
As the input signal is increased, the value of this shunt capacity
is reduced proportionately with the result that the receiver func-
tions but with a reduced output at the higher audio frequencies.
For medium and stronger values of input signals the design of
the complete system is generally such that the added shunt ca-
pacity is negligible so that there is no loss in the higher audio
frequencies.

Basically the action of such circuits depends upon the fact
that the input capacity of a tube, which'is the capacity between
the control grid and the ground, is dependent upon the ca-
pacity between the grid and plate of the tube and the amplifica-
tion constant of that tube—when the load impedance is fixed
This input capacity is a reflected capacity. By varying the grid
bias applied to the tube and all other operating potentials held
constant, it is possible to create across the control grid and
ground a varying capacity, the value of which changes in propor-
tion to the change in amplification constant or mutual con-
ductance. For high values of grid bias the amplification constant
is low, while for small values of grid bias the amplification con-
stant is high—consequently the input capacity will be low when
the bias is high and will be high when the bias is low. By con-
necting the control grid of the noise supression tube to the
a.v.c. network it is possible to vary the grid bias in accordance
with the strength of the incoming signal and in this way to obtain
a varying input capacity which is directly dependent upon the
strength of the incoming signal.

If you will refer to Fig. 61 you will note how these principles have been
applied in the Model 110 Stewart Warner receiver. The a-f. and a.v.c.
circuits are quite conventional and do not require comment. However,
turning our attention to the type 35 tube, which is used as a noise sup-
pression tube, we note that the input circuit to this tube is shunted across
the second detector load resistor, R1. This means that the input capacity
of this tube is shunted across the load resistor R1. We further note that
a 0001-mfd. condenser C is connected between the grid and plate of the
noise suppressor tube, the purpose of which is to increase the range of the
variable capacity effect developed across the control grid and ground of
the noise suppressor tube.

Because of the connection of the grid of the 35 to the high side of R1,
a variable bias is applied to the grid and this bias is in accordance with
the strength of the incoming signal. For small values of input signal, the
bias on the 35 is sufficiently small so that the capacity which is reflected
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across the input of the tube and, therefore, across the diode load R, is
sufficiently high so as to bypass noise signals and to minimize the amplifi-
cation of the higher audio frequencies. However, as the input signal is
increased, the negative voltage secured from R1 increases the bias applied
to the control grid of the noise suppressor tube and the input capacity of
the tube is decreased, because the amplification within the tube is de-
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Fig, 61. The type 51 tube acts as a variable capacity across the
second detector load resistor R1. The value of this capacity varies
in accordance with the signal level.

creased, with the result that there is less capacity across R1. For medium
and strong values of input signal this shunt capacity across Rl is quite
negligible and the circuit constants and operating potentials are so chosen
that the greatest efficiency is obtained at signal levels where the greatest
amount of noise is encountered. This, as you can readily appreciate, is
at the low signal levels.



Chapter VI

TROUBLESHOOTING IN VARIOUS TYPES OF
AV.C. SYSTEMS

Tae outstanding characteristic which affects troubleshooting in a.v.c. cir-
cuits is the high resistances involved in the circuit. It is safe to say that
in no other part of receiver circuits is it generally necessary to make re-
sistance measurements which are so high in value. Awv.c. rectifier load
resistances, filter resistances, isolating resistors, voltage dividers, etc—all
these units which are found in a.v.c. circuits have resistance values which
are seldom less than 100,000 ohms and often more than one megohm. This
means that you must be able to measure resistances of this order with
ease and accuracy. Aside from the effect upon the measurements, the fact
that high resistances are used in these circuits makes it important that
leakages in filter condensers and other parts of the circuit be avoided.
These can have disastrous effects upon the operation of the a.v.c. system
even when the leakages are as low as several megohms.

Leakage in A.V.C. Filter Condenser

A more or less common defect which takes place in a.v.c. circuits is a
leak in one of the control voltage supply circuit filter condensers. If this
leak is constant, that is, not intermittent, then it follows that there will be
a reduction of the control voltage which is fed to the controlled tubes.
The effect of this, insofar as the operation of the receiver is concerned,
will be to cause more or less serious overloading and distortion, depending
upon the extent of the condenser leakage. The effect will not be so no-
ticeable for weak and medium strength signals, but there will definitely be
overloading and distortion for strong values of input signal. As for ex-
ample when listening to strong local stations. This is due to the fact that
the leakage in the condenser makes it act as a resistance with the result
that a voltage divider is formed across the a.v.c. rectifier load.

The manner in which leakages in the a.v.c. distribution filter system act
to cut down the available control voltage is indicated in Figs. 62 and 63.
Fig. 62 shows a typical a.v.c. distribution circuit in which the first filter
resistor has a value of 2 megohms and the other resistors are 100,000 ohms
each. What will be the effect if a 500,000-ohm leak develops in the first
filter condenser? To analyze this we can consider the a.v.c. rectifier as

86
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producing a certain control voltage, say 30 volts, and in Fig. 63 this is
represented by the battery Eaivec. The resistors R2 and R3 are indicated
as leading to the two controlled tubes, but no complete path is shown since
these taps go to the grids of the controlled tubes and consequently under
normal operation they do not supply any current. As regards the 500,000-
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ohm leak in Cl, it is indicated in the figure by a 500,000-ohm resistor Re;.
This is permissible since from the point of view of d-c. voltage distribution
the capacity of the condenser is of no importance and it is merely the
leakage resistance which is the determining factor. For a further clarifica-
tion of this important point we refer you to the first volume of this series,
“An Hour A Day With Rider on D-C. Voltage Distribution.”

Returning to the problem at hand we want to determine how the voltage
at A, B, and C is affected by the leakage in condenser C1. First of all we
know that if there are no leaks in the circuit, then the voltage at A, B, and
C will be the same and equal to the voltage developed by the awv.c.
rectifier, which in this case was taken to be 30 volts. This is true because
no current is drawn at any point in the network and there is thus no
voltage drop in the network. On the other hand, with the values of
resistance that have been assumed in this problem, the effect of the leaky
condenser would be to reduce the voltage at the grid of each of the con-
trolled tubes from 30 volts to 6 volts. This follows because of the voltage
divider which Rer forms in conjunction with R1.

‘While for the purpose of illustration we have examined the case in which
the first filter condenser is leaky, it is quite apparent that, referring again
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to Fig. 62, a leak in cither C2 or C3 would have a similar effect in reducing
the available control voltage. Therefore when a.v.c. problems occur—check
the leakage resistance of the a.v.c. arcuit filter condensers. As a general
rule the normal leakage resistance of such condensers approximates 1000
megohms per microfarad.

Effect of Open Circuit in Filter Condenser

We have just examined the effect of a leak in a filter condenser in the
av.c. circuit and have shown how it acts to reduce the control voltage.
What is the effect of an open circuit in one of the filter condensers? Re-
ferring again to Fig. 62 we can see that the effect of an open circuit in C1
will be to reduce the filtering efficiency and will result in the appearance of
a considerable a-f. component in the a.v.c. voltage. Not only this, but an
open circuit in C1 will reduce the decoupling action so as to produce
unstable operation. Since most of the filtering is accomplished by R1 and
C1, an open in C2 or C3 will not affect the a-f. filtering action appreciably.
However, it will act to couple the r-f. and i-f. circuits and as a result may
be productive of miscellaneous squeals, motorboating and oscillation.

Intermittent Opens and Leaks in Filter Condensers

In those cases in which the leakages or open circuits in the a.v.c. filter
condensers are intermittent in nature, the symptoms, which we have de-
scribed, will naturally follow the variation in the extent of the leakages or
open circuits, There are no hard and fast rules which can be given for
detecting defects of this nature. However, where the trouble has been
localized to the extent that only several units are suspected, these can be
checked under abnormally high conditions of d-c. voltage so as to show up
a defect of the intermittent type. A method, which often has proved
successful, is to subject the condenser in question to a very large r-f.
current by placing it in the tuned circuit of an r-f. power oscillator. This
subjects the condenser to an abnormally high temperature and if there is a
weak or intermittent connection in the condenser, the unit will open per-~
manently so that the suspected defect can be definitely established.

Open Circuit in Filter Resistors

A defect which is not uncommon is to find that a filter resistor in the
a.v.c. distribution circuit either increases in resistance appreciably or be-
comes definitely open circuited. Referring again to Fig. 62 we can see the
effect of this upon the operation of the system. First of all it is important
to appreciate that the grids of the several controlled tubes are returned to
ground through the a.v.c. filter resistors and that this provides the only
connection to ground to complete the grid return. The effect of an open
in one of the filter resistors is thus to open up the grid circuit of one or
more of the controlled tubes, depending upon the location of the defective
resistor. Thus in Fig. 62, we can see that if R1 is open, then the grids of
the r-f., first detector, and i-f. tubes will be left free. On the other hand,
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if R2 is open, then the first detector and r-f. grids will be free, while if the
R3 is open, then only the r-f. tube will be affected. Regardless of which
resistor opens up, the result will be improper and unstable operation, which
is always characteristic of a circuit in which the grid of a vacuum tube is
free. Fortunately, such open circuits arc casy to detect, in that it is only
necessary to measure the control voltage developed at each of the grids in
order to establish whether the circuit is complete. Or if a high impedance
vacuum tube voltmeter is not available for making this measurement, then
an ohmmeter can be used for checking the continuity—provided the ohm-
meter is sufficiently sensitive to measure resistances of the order of
megohms.

Leakage between I-F. or R-F. Coils and Ground

You will recall that we described a type of triode a.v.c. in which the
cathodes of the controlled tubes are above ground or chassis potential by
the amount of the plate voltage required for the axv.c. control tube. This
necessarily places the grid coils of the controlled tubes above ground by
some 50 to 100 volts and it sometimes happens that a leakage resistance
develops between the grid coil and the chassis. This leakage may be due
to actual contact, but is sometimes due to excessive humidity. Let us
examine the effect which such a leak would have upon the operation of
the receiver.

A typical voltage distribution ecircuit for this type of a.v.c. is shown in
Fig. 64, in which you will note that only one controlled tube is shown.
Fig. 64. A leak in one of the C °%i8¢'7 N
a.v.c filter condensers or be-
tween the grid coil and ground,
may completely block the re-
ceiver, since the cathodes are
more than 100 volts above
ground in this type of a.v.c. .
circuit. SR A

This may be either the r-f., first detector or i-f. amplifier. You will note
that in accordance with the method of operation of this type of a.wv.c., the
cathode of the controlled tube is 104 volts above ground,—the cathode of
the awv.c. or control tube is 20 volts above ground, and the grid of the
a.v.c. tube is grounded. With no input signal and with no leakages in the
circuit, the voltage at the grid of the controlled tube is, of course, 100 volts,
which leaves a net minimum bias of 4 volts on the grid. With larger
values of input signal the bias is increased by the amount of the rectified
voltage across R2. So much for the normal operation of the circuit.

Under conditions of leakage at some point in the voltage distribution
circuit, which may be due to one of the filter condensers or possibly to
leakage between the grid coil L and ground, there is created effectively a
shunt resistance indicated on the figure by the dotted resistor Rigax. This
leakage resistance, in conjunction with R1 and R2, forms a voltage divider
across the 100-volt tap on the power supply and as a result, the voltage at
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the grids of the controlled tubes will be appreciably less than 100 volts.
In the extreme case where the leakage is a dead short, then the voltage at
the grid will be zero and since the cathode is at 104 volts, the tube will be
completely blocked due to an effcctive bias of 104 volts. It is for this
reason that in an.c. systems of this type a leak in one of the filter con-
densers or in one of the grid coils results in a completely dead receiver,
whereas tn the receivers having conventional diode a.v.c. the effect of a
leak is to raise the sensitivity of the receiver rather than to lower it.

As in the previous cases, the method of troubleshooting is to locate the
leak by suitable resistance and voltage measurements. In general the
progress of the procedure should be indicated by the symptoms which are
interpreted by working from the breakdown diagram.

Defective A.V.C. Tube

One of the essential things to be checked when troubleshooting in a.v.c.
circuits is the a.v.c. or control tube itself, Defective operation of a.v.c.
circuits is often due to a gassy or otherwise defective control tube and in
the long run it will save time if this point is checked at the outset. Unless
an exceptionally good tube checker is available, it is most convenient to
replace the suspected tube with one known to be in good condition. If
this does not correct the operation of the receiver, then it can be assumed,
for the time being, that the tube is not at fault.

No Control of Volume

A condition which sometimes arises in a.v.c. circuits is that the manual
volume control provides insufficient, or no control over the volume. As a
general rule, this does not occur in a.v.c. circuits where the manual volume
control is in the input to the a-f. amplifier. In those cases where it does,
the trouble is quite definitely due to a defect in the volume control unit
itself and not the a.v.c. system. However, this type of trouble, which we
are now discussing, is characteristic of the type of a.wv.c. circuit in which
the manual volume control does not directly control the input to the first
a-f, stage, but rather controls the a.w.c. tube itself. The operation of a
typical system of this type was explained in connection with Fig. 39.

For circuits of this type, lack of proper volume control action is most
often associated with the control tube circuit proper. The reason for this
condition is evident when we consider that the manual volume control
generally changes the bias on the control tube and in this way changes the
amplification of the controlled tubes, as we previously explained. If this
action is not obtained, then the failure may be due to a number of different
causes. The first thing to be checked is the a.v.c. tube itself. If this does
not correct the condition, then the next step is to check the a.v.c. action
directly. For this purpose a vacuum tube voltmeter should be connected
across the a.v.c. plate load resistor (R18 in Fig. 39.) Under conditions of
zero input signal, with the volume control fully advanced, the measured
voltage drop across the plate resistor will be approximately zero. However,
if the signal generator is connected to the receiver, the voltage at the plate
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of the control tube should become more and more negative as the input
signal is increased. Furthermore, still using the circuit in Fig. 39 as a refer-
ence, if the volume control is decreased, then the voltage at the plate
should become still more negative as the volume control is retarded. In
this way it is possible to check both the automatic control action by
varying the signal input and noting the change in control plate voltage,
and also to check the manual control action as well.

Where a vacuum tube voltmeter is not available, the action can be
checked by inserting a low-range milliameter in the plate circuit of the
av.c. tube. Although a more sensitive instrument is indicated, an 0-1
milliameter can be used to obtain a rough idea of the voltage being de-
veloped. With the conventional 1-megohm plate load, a current indication
of .02 milliamperes, generally the first division on the scale, would indi-
cate a voltage drop of 20 volts across the plate resistor (R18 in Fig. 39),
or a control voltage of 20 volts. While this method is not as sensitive or
as quick as the vacuum tube voltmeter method, it will furnish an indication
of the control circuit operation when the latter is not available.

It should be mentioned that the above test of the operation of the
a.v.c. tube should be made with the lead from the plate of the av.c. tube
to the distribution network disconnected. This precaution is taken to
establish definitely the operation of the awv.c. tube itself and to prevent
any possibility of a leak in the distribution or filter eircuit from producing
a false conclusion. Should the operation of the control tube and its imme-
diate circuit prove to be satisfactory, then it follows that the defect is in
the distribution circuit and this should next be checked for leakages and
open circuits.

Checking the A.V.C. Distribution Circuit

In many cases it is desirable to determine definitely whether faulty
a.v.c. operation is due to improper operation in the control circuit proper
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or in the circuit which distributes the a.v.c. voltage to the several controlled
tubes. For this purpose it is convenient to substitute temporarily for the
automatic voltage a variable C-battery bias which is manually controlled.
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The manner in which this substitution is made is indicated in Fig. 65. You
will observe that the a.v.c circuit has been opened at the point X and the
50,000-ohm potentiometer and battery, which is shown in dotted lines, has
been added. It is important that the low positive side of the C battery
be returned to the low side of the resistors across which the a.v.c. voltage
is developed. For simple diode systems this is generally the cathode of
the diode, while for triode type of a.v.c., it generally is the point on the
voltage divider to which the plate resistor is returned. An inspection of
the schematic should be made to indicate the point at which this connec-
tion of the battery circuit should be made. A 45-volt battery is satisfac-
tory since it will supply bias voltages to the controlled tubes up to 45 volts.

By means of the potentiometer, R, the voltage applied to the econtrolled
tubes is varied to suit the strength of the signal which is applied to the
receiver. If the operation of the receiver appears to be satisfactory with
the separate battery bias, then it indicates that the section of the awv.c.
circuit which includes the filter circuit and the controlled tubes is oper-
ating properly, insofar as the leakages or open circuits are concerned. This
procedure naturally does not check the time constant of the av.c. circuit.
The procedure which is mentioned here is sometimes used in connection
with alignment to stop the operation of the awv.c. action. The necessity
for this under certain conditions is discussed in “An Hour a Day with
Rider on Resonance and Alignment.”

An indication of the procedure which is useful in checking the control
circuit proper, is given in one of the preceding sections. In this connection
we should mention that lack of control voltage may sometimes be due to
lack of excitation or signal voltage on the control tube. This may be due
to an open coupling condenser or possibly to improper alignment of the
i-f. trgnsformer which feeds the control tube—if a separate transformer
is used.

Gas or Leakage in Controlled Tube

The effect of gas or leakage in one of the i-f. or r-f. tubes which is
controlled, is just as disastrous as far as the operation of the a.v.c. circuit
is concerned, as is a defect in the control tube proper. This can easily be
appreciated from the fact that a gassy tube shows a low resistance between
its control grid and cathode. This low leakage resistance acts to short
circuit the a.v.c. voltage and produces overloading and lack of control.

Incorrect Time Constant in A.V.C. Circuit

In an early part of this book we discussed the effect of the size of the
filter resistors and condensers upon the speed of the a.v.c. action and upon
the filtering efficiency. Without again going into these relations, we want
to state that sluggish a.v.c. action can sometimes be traced to a partially
open first filter resistor. While this does not greatly affect the final control
voltage which is delivered to the several tubes, it does affect the time
required for the change to take place and hence the speed of the a.v.c.
action.
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In this connection when it becomes necessary to replace an open filter
resistor or a filter condenser, the correct value should always be used be-
cause of the effect upon the time lag in the a.v.c. action. We especially
emphasize this precaution because ordinarily it makes no difference
whether, for example, a 05-mf. cathode bypass is replaced with a .1-mfd.
condenser, However, such a substitution in the case of a condenser in
the awv.c. filter circuit would double the time constant of the circuit and
in some cases would result in a noticeable time lag in the a.v.c. action. For
this reason the replacement condenser or resistor should have the value
indicated by the manufacturer within the usual tolerance limits.

A.V.C. Tube Removal

In a.v.c. systems which use a separate a.v.c. tube, a certain amount of
information can generally be obtained from the effect which the removal
of the a.v.c. tube has upon the operation of the receiver. For example, if
with medium input signal—say 10 millivolts—the receiver is completely
dead, then the a.v.c. tube should be removed to note the effect upon the
operation. In some cases it will be found that the removal of the tube
restores the operation of the receiver. If this is so, then it points to a de-
fective a.v.c. tube, incorrect voltages on the a.v.c. tube, or possibly a leaky
coupling condenser to the grid of the control tube. At any rate it defi-
nitely localizes the trouble as being in the control tube circuit. This test
is chiefly of value when the removal of the control tube restores operation
and it is not especially significant when operation is not restored.

Quiet A V.C, Systems

In Chapter V we described the various types of noise suppression sys-
tems, which are commonly used. Naturally the type of circuit which is
used will influence the line which the servicing procedure will follow.
However, regardless of the system which is used, the function of the noise
suppression circuit is to block some part of the signal channel, whether it be
the i-f. amplifier, the second detector, or the first a-f. stage. Where the
receiver being serviced is very insensitive to weak signals or is completely
dead, the trouble may be due to improper conditions in the noise sup-
pression circuit. Among the possibilities are improper voltages on the
noise suppression tube due to defective resistors in the voltage divider
cireuit, ete., defective “Q” tube, defective circuit elements (condensers and
resistors, etc.) in the “Q” tube circuit, and possibly leaky coupling and
blocking condensers.

A V.C. in All-Wave Receivers

In a number of receivers of the all-wave type, you will find that the
a.v.c. circuit is different in the several bands. You should take this into
account when troubleshooting and be sure that the band-changing switch is
in the proper position.
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General Observations on Troubleshooting

For reasons which must be apparent to you, we have not attempted to
cover all the possible defects and conditions which can arise in a.v.c. cir-
cuits. Such a treatment is well nigh impossible and furthermore, to our
way of thinking, is a very poor way to attack the problem.

What we have tried to do in this book is to describe the fundamental
operation of the types of a.v.c. systems which are in common use, so that
you will be able to draw your own inferences and conclusions from the
symptoms which the receiver shows and the results of the measurements
which you make. Such a method is far superior to one which attempts to
give a great many rules for meeting different conditions, inasmuch as the
manifold conditions which can arise in radio receivers are so complex and
varied that the only successful way in which they can be met is by under-
standing the basic mode of operation. This background we have tried to
give you in this book.



