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Automatic Volume Control
CIRCUIT NOTES
Very little data have been published regarding automatic volume
control circuits. Most of such data seem to try to impress upon the
reader how complicated automatic volume control circuits are. In
reality the fundamental principles upon which an automatic volume
control circuit functions are the same as those upon which the action
of a Type 80 rectifier circuit depends. In the radio field the Type 80
circuits are considered to be among the simplest.
To simplify the discussion of automatic volume control in this
article the a-v-c circuit has been stripped of all of its accessories in
order to study the generator system, since that is the system which
actually develops the bias. After the generator system has been
analyzed, a study will be made of the distribution system, which is
the network of resistors and capacities by means of which the bias
voltage developed in the generator is applied to the grids of the tubes
under control. It is felt that if these two separate functions of an
a-v-c system are separated and studied independently, that the a-v-c
system will lose a great deal of its seeming complexity.
GENERATOR

The Type 80 rectifier tube and the principle upon which it operates
is so well known that it furnishes an admirable basis upon which to
explain the action of the diode detector used to generate a direct
current for automatic volume control purposes. A glance at Figures
1 and 2 will show how nearly identical both circuits are for full-wave
and half-wave operation. The principle is the same in each case.
There are, however, three minor differences between the Type 80
rectifier circuits and the diode detector circuits. These are:
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1— The Type 80 rectifier operates from the power line which
furnishes a definite plate voltage at a frequency of 60 cycles. The
diode detector operates from an i-f transformer at a much higher
frequency (which we will assume to be 175 kc) and the voltage on its
plates varies as the signal being received increases and decreases.
Naturally the rectified direct current from the diode detector varies
in proportion to the i-f voltage impressed on its plates.
2— The filter system employed to smooth out the rectified direct
current is much smaller and simpler in the case of the diode detector
because of the higher frequency involved. Usually only one small
fixed condenser is necessary.
3— The negative side of the load is grounded in the Type 80
rectifier circuit and the positive side in the diode detector circuit,
since in one case we want a positive voltage and in the other case a
negative voltage.
By connecting the control grid return of a variable mu tube to the
negative side of the diode load, it will be apparent that the bias on
this grid will increase when a strong signal impresses a higher i-f
voltage on the diode plates. As the grid bias increases on the control
grid, the gain of the tube decreases. This is the basis of the a-v-c
action.
THE DISTRIBUTION SYSTEM

The distribution system consists of the resistor capacity network
necessary to apply the d-c voltage developed across resistor Ri to the
grids of the various tubes being controlled. There are four points to
consider in checking the a-v-c distribution system of a receiver.
These are: (1) Voltage distribution, (2) Filtering, (3) Time factor
and (4) Cost. We will consider these in the order named.
1—Voltage Distribution. Referring to Figure 3, we will assume
that the second detector is a Type 75 tube in which the diode plates
are paralleled in the conventional half-wave circuit and used for
developing both a-f and a-v-c voltages. The triode section of the
Type 75 is used as a first audio stage, and to provide grid bias the
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cathode is raised above ground potential by 1.5 volts with resistor
Rg. This makes the cathode 1.5 volts positive with respect to ground
and, when no signal is being received, the control grids of the first
three tubes are biased 1.5 volts positive also. To give the first three
tubes a negative grid bias, a cathode resistor is placed in each cathode
circuit—resistor, Rs, Re and R7. The value of this resistor will, of
course, depend upon the plate and screen grid currents of these tubes.
We can figure the voltages required, however, by allowing 1.5 volts to
make up for the 1.5 volts positive potential applied initially, then
allow 1 volt for minimum grid bias and 2.0 volts to take care of any
gas and/or grid emission present which would buck out an equal
amount of grid bias. This gives us a required 4.5 volts that each
cathode shoud be raised above ground potential. For maximum
sensitivity, a lower bias is sometimes used and in some cases to
eliminate excess gain, a higher bias is applied.
2—Filtering. In addition to the d-c a-v-c voltage appearing across
R1 (which is ordinarily about
megohm), an a-f voltage is also
present. This a-f voltage is coupled to the grid of the Type 75 tube
through condenser C9 and is applied across resistor R9, (which is also
ordinarily about
megohm). To prevent this a-f voltage from feed
ing back to the preceding grids and causing distortion, particularly
at low volume levels, resistor R2 is made larger with respect to R9.
If resistor R2 is made at least 1 megohm, little or no trouble will
result from a-f or i-f coupling between the second detector and the
preceding tubes.

Resistors R3 and R4 may be on the order of 100,000 ohms and in
conjunction with condensers C2, C3 and C4 will prevent r-f and i-f
voltages from feeding back to the preceding stage. Since condensers
Cj, C3 and C4 complete the tuned circuits to ground, they must not
be too small or some of the tuning range will be sacrificed. These
condensers may be from .01 to .05 mfd. Condensers Cs, C& and C7
by-pass r-f and i-f voltages across the cathode resistors and are
ordinarily about .1 mfd. Condenser Cg is by-passing a-f voltages and
so must be about 2 to 5 mfd.
9

3— Time Factor. When a radio program stops for an instant after
a burst of static, we say the a-v-c action has “time-lag.” This is
caused by resistor R2 and/or condensers Cj, C3 and C4 being so large
that it takes an appreciable time for the a-v-c voltage to charge
condensers C2, C3 and C4 through resistor R2. For this reason, this
resistor and the associated condensers must be considered together.
When I<2 is 1 megohm C3, C3 and C4 may be as high as .05 mfd., but
when R2 is 2 megohms or more, Ca, C3 and C4 should not exceed
.01 mfd.
4— Cost. In low-priced sets where the number of parts must be
kept to a minimum, condenser C2 and resistor R3 may be eliminated
if a 1000 ohm cathode resistor is used, by returning the grid circuit
of the i-f tube to ground and thus leaving this tube out of the a-v-c
system. If an attempt is made to eliminate more parts by connecting
the cathodes of the r-f and i-f tubes together and omitting R7 and C7,
it will be found that a strong signal will so reduce the plate current
in the r-f tube that insufficient bias will be developed for the i-f tube
and over-loading will result.
When the a-v-c system of a receiver is broken down into its two
parts as has been done in this article, it is possible to understand the
functions of each part and to see exactly the relation each part bears
to the other. It is also easy to see why certain precautions must be
taken in order to prevent certain difficulties which will otherwise
occur in service. It is hoped that this article will assist in clarifying
the functioning of an automatic volume control system in an average
radio receiver

10

Oscillator Performance in
Superheterodynes
Practically all receivers built today employ, superheterodyne
circuits. The problems arising from the oscillator performance in
such receivers are numerous, and in many cases difficult to under
stand. It is felt that an understanding of the workings of the
oscillator circuits employed will greatly help to combat the troubles
encountered. The article will be divided into four parts: Part 1 —
Theory; Part 2—Coupling Between Oscillator and First Detector;
Part 8—Autodyne First Detector Combinations; Part 4—The
Pentagrid Converters.
PART I
THEORY
The optimum performance of a superheterodyne receiver depends
to a large extent upon the correct adjustment and alignment of the
local oscillator used to heterodyne the incoming signal to the fre
quency of the intermediate amplifier. The frequency range, tracking,
stability and amplitude of the oscillations must meet rather exacting
requirements if maximum performance in the receiver is to be
realized.
During the past ten years of superheterodyne design and develop
ment more than one hundred different oscillator-detector combina
tions have been employed. A review of the circuits more widely
used and a consideration of the service problems common to them
should be of much help to servicemeq. These circuits appear to
differ greatly from each other whereas actually they have* many
electrical characteristics in common and can all be traced back to the
four basic oscillator circuits shown in Figure 1.
11
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FOUR BASIC CIRCUITS USED
The Hartley oscillator circuit shown in Figure 1A is not in common
use in superheterodyne receivers, but is very popular in commercial
and amateur transmitters. Two much used variations of this circuit
are the tickler “feedback” oscillator of Figure IB and the “reversed
feedback” oscillator of Figure 1C. Radio amateurs will recognize
in Figure 1C the circuit of the T.N.T. oscillator (if plate and grid
coils are not inductively coupled and if the grid coil is broadly
resonant to part of the plate circuit tuning range.) The Meissner
circuit of Figure ID is really a combination of the “feedback” and
“reversed feedback” circuits of Figures IB and 1C or may be con
sidered a tuned circuit with two tickler coils.
12

TUNED CIRCUITS AND OSCILLATIONS

In each of these circuits, a tuned circuit consisting of an inductance
and variable capacitor, determines the frequency at which the circuit
will oscillate. This tuned circuit may be in the grid circuit, the plate
circuit or in a separate circuit coupled to the grid and plate circuits.
It is essential that some method be used that will couple part of the
developed a-c voltage on the plate back to the grid circuit. In each
of the four circuits shown in Figure 1 this is done inductively. It is
only necessary that the tickler coil be connected in the right way and
sufficient coupling be supplied to make the tube oscillate. Whether
or not the circuit will oscillate during a complete rotation of the
tuning condenser, however, is another matter and one that is con
trolled almost entirely by the coupling between plate and grid coils.
In almost every oscillator circuit, the developed voltage will be
greatest near the high frequency end and decreases as the frequency
is decreased. If sufficient feedback is not provided, the tube will stop
oscillating before it reaches the low frequency end of the tuning range.
It is very necessary, therefore, to have enough feedback, especially in
the new all-wave receivers, in which, for economic reasons, it is
necessary to cover the greatest frequency range with the fewest coils.
There are two ways in which greater coupling can be secured between
two coils. One method is to increase the number of turns in the
tickler coil and the other method is to place the two coils closer to
each other.
If the first method is used, it will be found that after the number of
turns reaches a certain value, the resonance frequency of the tickler
will fall within the tuning range of the tuned circuit. This will result
in the tickler controlling the frequency of oscillation instead of the
tuned < ircuit, and the tuning condenser may be turned through many
degrees without affecting the frequency. This is, of course, very
undesirable. On the other hand, if the two coils are coupled tighter
by placing them closer together, the tuning range will be sacrificed
because the tickler coil adds capacity to the tuned circuit and this
limits the frequency range. This indicates that a compromise must
13

be effected to secure:—(1) The maximum number of turns on the
tickler that will not cause it to resonate within the desired frequency
range. (2) Close coupling between tickler and tuned circuit with the
minimum capacity effect, (3) The greatest frequency range that
can be covered. This compromise is easy to effect on the broadcast
band but becomes increasingly difficult with an increase in frequency.
On the broadcast band, if only the range 550 kc to 1500 kc is to be
covered we cannot increase the coupling too much or another
undesirable trouble is encountered—that of parasitic oscillation,
When an oscillator is forced to generate a high a-c voltage, it produces
simultaneously a number of harmonics and it also has a tendency to
oscillate at a second frequency usually higher than the original. This
is called parasitic oscillation and in a superheterodyne oscillator
causes squeals and whistles at the high frequency end of the band.
Too great a coupling between plate and grid coils in an oscillator
causes parasitic oscillation on the high frequency end and too loose a
coupling may result in the oscillator stopping at the low frequency
end of the band. Somewhere between these two conditions will be
found the proper degree of coupling. In service work, many sets
will be found where the coupling is at a critical point so that a
matched oscillator tube will work, but one that is on the low side of
the mutual conductance limit will stop oscillating somewhere near the
low frequency end of the band.
THE GRID LEAK AND CONDENSER

The function of the grid condenser and leak common to all four
circuits shown in Figure 1 may not be apparent at first glance. These
two necessary items are used to secure an automatic grid bias for the
oscillator tube.
With the grid connected to the cathode by the grid leak, the bias
on the grid is, of course, zero when the tube is not oscillating. A tube
so operated is very sensitive to any circuit change and is very un
stable. With a positive voltage applied to the plate and the heater
current turned on, the first surge of electrons from the cathode to the

14

plate will cause the tube to start regenerating and within a few’ cycles
this will build up sufficient feedback voltage to cause the tube to
oscillate. With the tube oscillating, the voltage feedback from the
plate circuit will alternately make the grid positive, then negative.
When the grid goes positive, it w’ill act as a diode plate and attract
some of the electrons that would otherwise go to the plate and these
electrons flowing through the grid leak will develop a voltage that
will bias the grid negative. If the grid condenser and leak are of the
proper value to prevent all of these electrons from leaving the grid
during the negative cycle, the grid will maintain this bias as long as
the tube is oscillating. This effect can be shown in two ways—first
by connecting a 0-1 milliammeter in series with the grid leak and,
second by connecting a milliammeter in series with the plate return
circuit. When the tube is not oscillating, the plate current will be
higher than when it is oscillating. The use of a meter in series with
the grid leak gives a very good indication of the actual voltage
developed by the oscillator. It is only necessary to multiply the grid
leak resistance in ohms by the grid current to determine this voltage.
Since the voltage developed by an oscillator is proportional to the
coupling, this grid current measurement gives a good test for de
termining the condition of coupling which, we have seen, is very
important. This current is larger than would be supposed because
when the grid is positive, the plate voltage is at minimum and the
grid attracts a relatively large percentage of the electrons. Since the
translation gain of the first detector oscillator combination is a
function of the oscillator voltage, it is very important that this
developed voltage be of satisfactory amplitude.
It is apparent from the foregoing discussion that an oscillator
circuit that will cover the desired fi equency band with a satisfactory
developed oscillator voltage so as to give good translation gain and
yet not cause parasitic oscillation trouble at the high frequency end
of the band, is one that has been very well engineered and one that
must be intelligently adjusted in the field, if satisfactory receiver
operation is to be maintained.
15

The next point to consider is the proper method cf coupling the
oscillator to the first detector so that the full benefit of the oscillator
voltage may be realized in securing optimum gain in heterodyning
the incoming signal to the frequency of the intermediate amplifier.

PART II

COUPLING BETWEEN OSCILLATOR AND
FIRST DETECTOR
The first commercial superheterodyne receivers employed triode
tubes throughout and were of course battery operated. These early
sets are now between seven and thirteen years old, and if they have
not already been, should be retired in favor of newer and much
better sets. We will therefore ignore these early receivers and
consider only the a-c operated, screen grid type receivers employing
type 24 and 24A tubes as the first detector, of which there are
thousands still being used.
To secure an intermediate frequency in the plate circuit of the first
detector, the voltage from the local oscillator is beat against the
incoming signal in the control grid, cathode or screen grid circuit of
the first detector. Four general methods of coupling the first
detector with a separate oscillator tube have been used. These are:
1. Inductive coupling of the oscillator coil to the first detector grid
coil, as illustrated in figure 2A.
2. Inductive coupling of the oscillator coil to a separate coil
connected in the grid return circuit of the first detector as illustrated
in figure 2B.
3. Inductive coupling of the oscillator coil to a coil in series with
the first detector cathode circuit, or by capacity coupling between
oscillator cathode and first detector cathode, as illustrated in figures
2C and 2D.
4. Electron coupling by introducing the oscillator voltage in the
first detector screen-grid circuit by conduction, induction or capacity
coupling as illustrated in figures 2E, 2F and 2G.
16
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The first two systems (1 and 2) introduce the oscillator voltage
into the control grid circuit of the first detector and require either
a relatively weak oscillator voltage or very loose coupling between
the oscillator and first detector control-grid coils. The second
method is the more satisfactory of the two because too close a
coupling between these two coils may cause the tuning of one circuit
to affect the tuning of the other circuit. This type of interaction is
very undesirable, and in extreme cases causes the two circuits to
“lock” together, making proper trimming and tracking very difficult.
Assuming that the oscillator and first detector coupling is satis
factory from a non-interaction standpoint, tlftre is still one other
source of trouble to consider. This is the possibility that the oscilla
tor voltage may be so high (or the first detector grid bias so low) that
it will drive the control grid of the first detector positive. This
usually occurs at the high frequency end of the band, where in most
cases the oscillator develops its maximum voltage. When the second
17

detector control grid is driven positive, grid current flows in the grid
circuit and the sensitivity of the r-f stage as well as that of the first
detector is seriously reduced. If this condition is suspected it can be
easily checked by connecting a 0-1 milliammeter in series with the
first detector grid coil (between the low potential end of the coil and
ground) and rotating the tuning condenser through its entire tuning
range. If at any time the meter needle moves, the first detector bias
should be increased or the oscillator voltage reduced. The oscillator
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voltage may be reduced by reducing the coupling between first
detector and oscillator coils, or by reducing the coupling between the
two oscillator coils, or by reducing the plate voltage of the oscillator,
or by reducing the grid leak or condenser—or both—of the oscillator.
To maintain the oscillator developed voltage at a more constant
level in many sets a fixed resistor is connected in series with the
oscillator grid as shown in figure 2H.
A vacuum tube volt-meter may be used to measure the value of
the oscillator voltage induced in the control-grid circuit of the first
detector. If the vacuum tube voltmeter is calibrated in R.M.S.
volts, the oscillator voltage measured must be multiplied by 1.4 to
find the peak voltage. This peak voltage should never exceed the
bias voltage of the first detector.

The third system of inductive coupling in which the oscillator
voltage is induced into a cathode coil of the first detector (illustrated
in figures 2C and 2D) gives less trouble due to interaction between
the first detector tuned circuit and the oscillator tuned circuit, but
the balance between first detector bias and maximum oscillator
voltage must be given the same consideration as the previous systems.
In 2D the small by-pass condenser across the cathode resistor of the
first detector provides a convenient method of reducing the oscillator
voltage at the high frequency end of the band since its reactance
will be lower at high frequencies where the oscillator voltage is usually
greatest. If the oscillation voltage is too high, increasing the capacity
of this condenser will cure the trouble.
The coupling methods illustrated in figures 2E, 2F and 2G intro
duce the oscillator voltage into the screen grid of the first detector
where it is electronically mixed with the signal voltage appearing on
the control grid of the tube. The electron stream and the small
capacity existing between control-grid and screen-grid are the only
links between the tw’o circuits. There is, therefore no chance for the
oscillator to override the bias of the first detector and very much less
trouble due to interaction between the two tuned circuits. Because
20

the screen-grid has less control over the electron stream than the
control grid, the oscillator voltage applied to it must be greater to
give the same translation gain in the first detector. For this reason,
assuming the same oscillator coils in each case, circuit 2E may not
give as good results as circuits 2F and 2G in which the oscillator
plate voltage can be higher than the first detector screen grid voltage,
and as a consequence developed a higher oscillator voltage. Circuit
2F is not as economical to produce as types 2E and 2G because of
the three coil feature, and for the same reason will give more trouble
in the field due to difficulty of maintaining proper coupling between
the three coils.

PART III

AUTODYNE FIRST DETECTOR COMBINATIONS

The autodyne reached its greatest popularity and development
during the beginning of the depression when a great deal of research
work was done on small and inexpensive superheterodynes in which
it was necessary to reduce the number of tubes and other parts to a
minimum. The greatest impetus to low cost receiver development
was, of course, the series heater principle made possible by the 6.3
volt 0.3 ampere tubes perfected and introduced by Sylvania. Prior
to the introduction of the Type 6A7 tube and multi-band receivers,
the autodyne detector was used very extensively and a complete
knowledge of its mode of operation and adjustment is very necessary
to the serviceman
An r-f type of pentode tube, such as Type 6C6 in which three grids
are brought out to independent base terminals, can be used in three
basic ways as an oscillator. Feedback from the plate circuit to the
control grid, screen-grid or suppressor grid will cause the tube to
oscillate at a frequency determined by the constants of the circuit
elements. In practice the screen grid is not used because of in
stability caused by operating the screen grid above r-f ground
potential, and because of the load imposed on the tuned circuit by
21

the relatively low internal screen to ground impedance within the
tube. Therefore for purposes of analysis, we can divide all autodyne
detectors into two major groups—the control grid types, in which
feedback is between plate and control grid, and the suppressor grid
types in which feedback is between plate and suppressor grid. Both
of these types for ease of description will be further sub-divided. The
tetrode tube cannot, of course, be used as a suppressor grid type
autodyne detector.

CONTROL GRID TYPES OF AUTODYNE DETECTORS
The control-grid type of autodyne detector has been the most
popular because of the ease with which proper oscillator amplitude
can be secured. (This follows because the mutual conductance
between control grid and plate is much higher than that between
suppressor grid and plate, and because it can be used with either the
tetrode or pentode type of tube construction.)
In figures SA, SB, 3C, 3D and 3E are shown the three fundamental
systems of control grid type of autodyne detector. There are of
course many other variations, but these will be found upon analysis
to be simple modifications of one of the circuits illustrated. In
looking over the five circuits mentioned it will be noted that in each
case a coil is shown in the cathode circuit of the tube. This is a
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reliable method of determining that the autodyne under considera
tion is a control grid type since the suppressor grid type of autodyne
detector does not have a coil in the cathode circuit.
The function of the coil in the cathode circuit may not be apparent
at first glance. Upon a moment’s consideration, however, it will be
evident that since all circuits in a vacuum tube must return to the
cathode, a coil in the cathode circuit is common to the control grid,
screen grid, suppressor grid and plate circuit and because a given
voltage impressed on the control grid will have a much greater effect
on the plate current than the same voltage impressed on either of the
other grids or the plate, we can ignore the other effects and, for the
purpose of this explanation, consider the voltage impressed on the
cathode coil as acting exactly as though we had impressed this
voltage on the control grid alone. The a-c voltage feedback from the
plate circuit at a frequency determined by the L.C. of the circuit,
causes the cathode to vary in potential with respect to the control
grid which*is of course the same effect as varying the control grid
voltage with respect to the cathode. Assuming that the coil system
has not been damaged and that no other fault exists in the autodyne
detector circuit, trouble may be experienced with an improper value
24

of cathode bias resistor. This will show up usually when it is neces
sary to replace the original tube. It may be found that several tubes
must be tried before one can be found that will operate properly.
This undesirable condition can usually be corrected by changing the
value of the cathode resistor to 10,000 ohms. In general it will be
found that this value of resistance will give the most uniform oscilla
tor performance. This bias value is very important to secure the
optimum detector sensitivity and uniform oscillator amplitude. In
special cases experimenting with various values of cathode resistors
may improve the autodyne detector action and make it unnecessary
to pick tubes. It must be kept in mind, however, that the value
suggested (10,000 ohms) is the best average compromise between
uniform oscillator performance, most sensitive detector action and
the ability of the detector to handle large local station signals.

In figures 3a, a single coil is used and a cathode tap is provided
which has the same effect as the separate tickler coil shown in figures
3b and 3c. You will note in all five diagrams that "no grid leak and
condenser is used such as was shown in each oscillator circuit of
Parts I and II. These units are not required in the control grid
autodyne circuit because the oscillator grid—which is also the signal
control grid—must not be driven positive by the peak positive cycle
of the oscillator wave (should this occur, the signal input circuit will
be seriously loaded and poor sensitivity, selectivity and distorted
tone quality will result.) We can consider that the oscillator section
of the autodyne detector is functioning like a class “A” amplifier, that
is the peak signal applied to the control grid (composed of the
incoming signal voltage and the oscillator voltage feedback from the
plate circuit) must be less at any signal frequency or signal amplitude
than the bias appearing across the 10,000 ohm cathode resistor.
From this it can be seen that the grid cannot rectify a portion of the
oscillator voltage or, in other words, draw grid current such as is
necessary for bias purposes in the single tube oscillator or the 6A7
oscillator section and so a grid leak and condenser are unnecessary.
Figures 3a and 3b are examples of the tuned plate, grid tickler types
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of control grid autodyne. Figure 3c is a tuned grid, plate tickler
type and figures 3d and 3e represent the three coil Meissner circuit
in which two tickler windings are coupled to a tank circuit.
SUPPRESSOR GRID TYPE OF AUTODYNE DETECTOR
In figures 3f, 3g and 3h are shown three typical examples of the
suppressor grid type of autodyne detector. Figure 3f is one of the
earliest systems used and has a serious disadvantage in that if a
proper bias is secured with the cathode resistor to give good detector
action, the mutual conductance of the suppressor grid to plate is so
low that it is difficult to secure sufficient oscillator amplitude. On
the other hand, if the bias is high enough to give a good suppressor
mutual conductance so that the tube will develop a good oscillator
voltage, the control grid bias would be so high as to reduce the plate
current to such a low value that the system would give very poor
gain. There is no satisfactory compromise to eliminate this trouble
short of using two resistors in the cathode circuit, such as shown in
figures 3g and 3h, so that the control grid and the suppressor grid
may each be biased separately. When this is done, we can bias the
control grid 3 or 4 volts negative (measured with a high resistance
voltmeter from the midpoint of the two resistors to cathode) and the
suppressor grid from 30 to 34 volts negative (measured with a high
resistance voltmeter between cathode and ground) and secure both
good detector and good oscillator performance. Figure 3j indicates
how three good tubes may vary in suppressor grid to plate mutual
conductance. Notice that with -15 volts bias on the suppressor grid
only one of the tubes would have a high enough mutual conductance
to give good oscillator performance whereas at 30 volts all three tubes
would work equally well. In adjusting a suppressor grid autodyne
it must be remembered that the developed oscillator voltage will vary
through the band and since this in turn varies the plate current
(which must of course flow through the cathode circuit resistors) the
control grid bias will likewise vary through out the band. It is
important that the control grid bias be maintained at a minimum of
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£ volts throughout the entire band. If the control grid bias falls
below this value, a strong local signal may drive the control grid
positive and cause greatly reduced sensitivity, selectivity and poor
tone quality. All of the autodyne detector circuits discussed have
three limitations. These are: 1. low translation gain, £. limited
frequency range (usually the broadcast and police bands only) and
8. the gain of the autodyne detector cannot be controlled by the
A.V.C. voltage. For these reasons, almost all present day receiver
designers have abandoned the autodyne detector oscillator combina
tion in favor of the later and superior pentagrid converter type of
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tube—such as Types £A7, 6A7, 6A8 and 6A8G. In repairing some of
the older receivers having critical autodyne circuits, there is much to
be said in favor of replacing the tube socket and rewiring the receiver
for a pentagrid converter.

PENTAGRID CONVERTERS

The operation of a well designed pentagrid converter stage is so
dependable, and the number of circuit components required so few.
£8

that it is easy to gain the mistaken impression that if the performance
of this stage is unsatisfactory the trouble must be due to the tube.
This remark is not intended as absolving the tube of all responsibility,
since it is realized that the pentagrid converter is harder worked than
any other tube in the receiver with the possible exception of the
power tube, but rather to point out at the beginning that making a
set work by replacing the pentagrid converter tube—only to have
the set agan quit operating one to four months later—cannot be
considered a reliable method of service procedure. To guarantee
service work the serviceman must be satisfied that the method he has
employed to correct the trouble really effects a permanent cure, and
does not just supply a crutch that permits the circuit to limp along
under a heavy handicap of power loss or unfavorable circuit adjust
ment.
We found in the previous types of oscillator circuits discussed that
the set engineer designed the oscillator circuit to give the best
compromise between several conflicting considerations—the same
thing is true of the pentagrid converter circuits. An intelligent
appreciation of these factors, their theory, cause and cure will make
service work much easier and certainly, by eliminating some of the
return calls, more profitable.
PART IV

PENTAGRID CONVERTER THEORY

SYLVANIA tube types 1A6, 1C6, 1D7G, 1C7G, 2A7, 6A7, 6A8,
6A8G, and 6D8G are all pentagrid converters designed to function
as a combined first detector and oscillator to “convert” the incoming
signal frequency to an intermediate frequency for the purpose of
securing selectivity and sensitivity without fear of interlocking and
tetrode section grid current. The word “pentagrid” is a compound
word made up of the Greek prefix “Pente” (or “penta” in the English
translation) meaning five, and grid—literally, 5-grid. These five
grids, numbering from the cathode, are: 1. the oscillator control
29

grid, 2. the oscillator anode, 3. the inner screen grid, 4. the signal
control grid, and 5. the outer screen grid. There are of course beside
these grids a heater or filament, plate and, in the indirectly heated
tubes, a cathode. Grids 3 and 5 are connected together inside the
tube. Grid #2, the oscillator anode, is made in current practice
without horizontal wires and consists only of the two side rods.
These two side rods arc called the oscillator anode (meaning plate)
but in circuit diagrams are shown schematically as a grid for sim
plicity.
The pentagrid converter may be considered as operating very
much like a conventional variable mu tetrode first detector with an
associated triode oscillator, except that the oscillator triode grid is
located next to the cathode and is common to both the first detector
variable-mu tetrode and the oscillator triode. The tetrode section
of the tube is modulated by the control grid voltage on the oscillator
triode in such a manner that there is no danger of driving the control
grid of the tetrode positive. Electrons emitted from the cathode
surface are influenced by the various grid and plate voltages and
divide up so that grid \ receives 7 per cent of the electrons, the
oscillator anode receives 37 per cent of electrons, grids 3 and 5 (screen
grid) receive 28 per cent of the electrons, and the plate receives the
remaining 28 per cent.
Because of the oscillator grid’s strategic position next to the
cathode, any oscillator voltage on this grid will modulate the entire
electron stream regardless of the ultimate destination of the electrons.
Referrng to dagram 4A, it is interesting to observe the action that
takes place within the tube when it and the associated circuit
components are operating normally. When the set is first turned on,
the #1 grid is at zero potential because it is tied to the cathode by
the 50,000 ohm grid leak. As the cathode heats up and starts to emit
electrons, the feedback between oscillator anode and grid causes
regeneration which immediately starts the triode circuit to oscillating.
When the oscillator circuit is oscillating, the #1 grid is driven alternatingly positive and negative. While the grid is positive; grid
30

current flows through the grid leak in such a direction as to make
the #1 grid negative with respect to the cathode. This grid swing
may make the grid negative by as much as 30 to 40 volts, and this
becomes the grid bias point about which the grid varies in amplitude
alternately in a positive and then a negative direction under the
influence of plate circuit feedback. From this it can be seen that the
maximum instantaneous negative voltage on the #1 grid may be
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90 to 80 volts. This voltage would ordinarily be more than sufficient
to reduce the tetrode plate current to zero were it not for a secondary
source of electrons available to the #4 grid. This second electron
source is referred to as a virtual cathode because it is employed
exactly as though it were another electron emitting cathode. The
reason for its existence is that most of the cathode’s supply of
electrons go through the #1 grid while it has a positive or slight
negative charge, and are accelerated out of the #1 grid’s field of
influence by the relatively high positive potential on the #3 grid.
The next grid—tetrode section control grid—has at all times a
negative bias on it so that a great many of these electrons are slowed
down and form a cloud of electrons between the #3 and #4 grid. It
is from this cloud of electrons (virtual cathode) that most of the
plate current is secured during that portion of a cycle that the
SI

grid is at its maximum negative potential. It is easy to see from this
action that the tetrode section works independent of the triode
section, except that the tetrode plate current is modulated by the
triode grid voltage. The #3 grid shields the triode section from the
tetrode section and prevents interaction. The tetrode grid #4 is
shielded from the plate by the other screen grid #5. Grids 3 and 5
are connected together inside the tube. Automatic volume control
bias may be applied to the tetrode section without affecting the
performance of the oscillator section, since the oscillator triode
secures its plate current first direct from the cathode.
OSCILLATOR COIL COUPLING

The value of heterodyning voltage developed by the triode section
of the tube is largely determined by the degree of coupling between
the tank or grid circuit, and the tickler or plate circuit. On the long
wave band 150 to 350 kc. and to a lesser extent on the broadcast band
little trouble is encountered in securing sufficient coupling. In fact,
care must be taken to prevent too much feedback in order to avoid
causing the tube to oscillate so strong that parasitic oscillation will
result. By “parasitic” oscillation is meant the generation of extra
neous frequencies besides the fundamental desired, that are usually
higher in frequency than the fundamental. These usually occur at
the high frequency end of the band and may make the receiver
sound as though some other part of the receiver system were oscillat
ing. This condition may be difficult to trace to its source if the true
reason for its existence is not suspected, because any change in
circuit constants that affects the voltages on the various elements of
the pentagrid converter will change the frequency or amplitude or
both of its characteristics. The proper cure for this trouble is to
either space the two coils farther apart or reduce the number of turns
on the tickler winding—the latter method is preferable because it has
the least effect on the tracking of the oscillator since very little change
is made in the capacity to ground of the tank circuit. This change
may be necessary on the long wave and broadcast band of sets that
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were manufactured shortly after Types 2A7 and 6A7 were introduced,
because it was found necessary to increase the triode section mutual
conductance of these tubes in order to provide satisfactory operation
on the short wave receivers that were just becoming popular at that
time The first sign of this condition will occur when a new tube is
used to replace the one originally supplied with the receiver. If the
receiver is designed for broadcast only, any trace of parasitic oscilla
tion may be eliminated by connecting a 500 to 1000 ohm resistor
from the oscillator grid terminal of the socket to the common point
of the grid leak and condenser as shown in figure 4-A This suppres
sor resistor will tend to equalize the developed oscillator voltage
over the broadcast band. It should not be used on receivers having
short wave bands. The reason for this is that it is almost impossible
to secure too much coupling between oscillator coils on the higher
frequencies. This problem is just the reverse of that encountered on
broadcast and long wave bands. Here every effort is made to secure
the greatest mutual inductance between the two coils so that the
developed oscillator voltage will be as great as possible. The problem
is even more acute on those receivers that use a large capacity tuning
condenser to secure the greatest frequency coverage on each band,
since it is usually true that the greater the band width covered the
lower the oscillator voltage will be and hence the lower the converter
stage gained. For the high frequency bands the tickler and tank coils
are placed very close together and often the two windings are inter
wound to secure the maximum possible coupling. When the maxi
mum band width is to be covered, stray capacities must be kept at a
minimum, and in order to reduce the coil distributed capacity to
minimum only a few turns of the tickler can be interwound with the
low potential end of the tank coil. This necessitates a compromise
between developed oscillator voltage and the band width that can be
covered. A practical compromise is to adjust the oscillator voltage
(by means of the coupling between tickler and tank coils) to give
about .1 ma. grid current through the oscillator grid leak and at the
low frequency end of the short wave band and then reduce wiring
S3

and circuit capacities to give the greatest spread between the mini
mum and maximum frequencies that can be secured with the variable
condenser being used. In the absence of a vacuum tube voltmeter,
this method is the most reliable method of determining the developed
oscillator voltage. Connect a 0-1 ma. meter in series between
cathode and 50,000 ohm grid leak so that d-c current flowing through
the resistor will indicate on the meter. The oscillator a-c voltage is
then equal to the current multiplied by the resistance of the grid leak.
For A.C.-D.C. receivers this current may vary between .05 ma. and
.25 ma. depending upon the frequency at which the oscillator is set.
The minimum current will flow at the low frequency end of the
highest frequency band and the maximum current will be around
1200 to 1600 kc in the broadcast band. For a-c receivers this grid
current will vary from .1 to .75 ma. If the oscillator stops oscillating
at the low frequency end of the short wave band and the suggestions
mentioned under “Grid Blocking Condenser” and “Grid Leak
Resistor” do not eliminate this trouble, the coupling between tank
and tickler coils should be increased. Usually it will not be possible
to add more than one or two turns to the tickler coil to effect this
increase in coupling or the tickler coil will resonate within the band
and cause trouble. If this increase is insufficient to correct the
difficulty make sure the coil is dry and that the “B” supply voltage
is normal, then push the two coils as close together as possible and
accept the slight loss in band coverage that will result. Such drastic
action is seldom necessary unless new replacement coils are unobtain
able for the set. Varying the size of the grid blocking condenser will
often prove effective in increasing the developed oscillator voltage.

GRID BLOCKING CONDENSER
The oscillator grid blocking condenser has three major functions.
These are:
1—it separates the a-c and d-c circuits so that the d-c path (from
grid to ground) may have a resistance of 25,000 to 50,000 ohms to
develop grid bias and the a-c circuit may be a non-conductor for d-c
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which is desirable when we wish to use a padder condenser for
alignment as is usually the case;
2— it stores up electrons during that portion of a cycle that the
grid is driven positive and releases them during the time the grid is
negative to maintain an almost constant negative grid bias, and
3— it reduces the reflected capacity within the tube to a smaller
value in order that the tuning range of the band may be increased.
This reduction in capacity is simply a matter of placing a condenser
in series with the effective grid-cathode capacity of the tube (two
capacities in series are of course equal to less than the smaller of
the two.)
The usual value of .00025 mfd. or 250 mmf. for this capacitor has
been found too large for some all wave sets where it is necessary to
secure the greatest tuning range on each band in order to reduce the
number of bands required. Its value varies in different sets between
50 mmf. and 250 inmf. depending on the design of the oscillator coil.
Unfortunately when we reduce the value of this condenser we also
reduce the percentage of total oscillator voltage (appearing across
the tank circuit) that is applied to the control grid of the oscillator.
Here again we must compromise between the tuning range and the
developed oscillator voltage. When the oscillator refuses to oscillate
on the low frequency end of the short wave band, increasing the
capacity of this condenser will often correct the trouble at the cost of
a slight sacrifice in tuning range on that band. Care must be taken
to see that this added capacity does not cause parasitic oscillation
on the high frequency end of the broadcast or long wave band.
GRID LEAK RESISTOR
The grid leak resistor is fairly well fixed by oscillator grid bias
requirements and should be of such value that:
1. The electrons stored in the condenser do not all leak off before
the oscillator grid is again driven positive.
2. It does not provide too low a shunt resistance across the tank
circuit so that ample a-c voltage cannot be developed.
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3. It will not cause motor boating or “super regeneration” due to
the time constant of the resistor and condenser combination.
A value of 50,000 ohms is a very satisfactory compromise between
these three considerations, and if trouble is encountered in a receiver
having a lower value than this it is well to change this resistor to
50,000 ohms.
In pentagrid converter circuits having a-v-c voltage applied to the
tetrode control grid the oscillator grid leak resistor should be returned
to the cathode rather than ground. If it is connected to the ground
the osciUator grid bias will vary with the a-v-c voltage because of
the varying current through the cathode resistor.

OSCILLATOR ANODE RESISTOR
A 20,000 ohm resistor is recommended in series with the anode
“B” voltage supply on a-c receivers having 250 volt B supplies to
prevent excess anode current should the oscillator stop oscillating or
should the receiver be operated for any length of time at a frequency
where the developed oscillator voltage is low. When the oscillator
voltage is low the oscillator grid- bias is low and the oscillator anode
current is higher than normal—this may have an injurious effect on
the tube if continued for any length of time. The 20,000 ohm
resistor eliminates this trouble by dropping the anode voltage to a
safe value during periods of excess anode current. Often the value
of this resistance is increased and a condenser added to provide a
hum filter to permit the oscillator anode voltage to be secured ahead
of the regular power supply choke. The advantage of this is to make
the oscillator anode voltage less dependent on the d-c voltage drop
through the choke which of course varies with the plate current of the
power tubes. This method of securing a more constant anode voltage
is especially useful on the short wave band. The effect of a varying
oscillator anode voltage on high frequencies is to tune out the signal
until the plate current on the power tube drops to normal—which
returns the anode voltage to normal which then tunes in the signal.
This sequence of events makes the receiver “motorboat.” Any hum
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appearing on the oscillator anode will modulate the oscillator which
in turn will modulate the signal causing “tunable hum’’ which can of
course be cured by proper filtering.

VOLTAGE ON ELEMENTS
As may be expected in such a complicated tube structure, the use
of oilier than recommended voltages on the various elements will
result in improper electron distribution patterns within the tube and
will cause unsatisfactory circuit performance. For example reducing
the screen voltage will adversely affect oscillator performance and
will make the plate current cut-off point lower which will result in a
loss of sensitivity and cause more “hiss” for a given input signal. A
heater voltage 0.5 volt or more below normal may, in critical sets,
cause the oscillator to stop oscillating on the low frequency end of the
short wave band. Too low a tetrode control grid bias may cause poor
performance on strong local signals.
The total cathode current should not exceed 14 ma. maximum and
will usually average about 11 ma
TYPICAL CIRCUITS
Figure 4-B indicates the average Pentagrid converter circuit with
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AVC voltage applied to the tetrode section control grid. Figure 4-A
is the same circuit with suppressor resistor and an anode hum filter
added. The capacity of the electrolytic condenser will depend upon
the amount of filtering required and is usually shunted with a paper
condenser, and on short wave sets also with a mica condenser for
more effective high frequency by-pass action.
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To make wave band switching problems easier the shunt fed
circuit of figure 4-C is often used. One end of the tickler is grounded
and the other end is connected to the oscilator anode through a
blocking condenser.
A method of maintaining more constant oscillator voltage over
the band is shown in figure 4-D. In this circuit, the tickler coil is
shunt fed and the low potential end is connected to ground through
the padder condenser to increase the coupling on the low frequency
end of the band.
In figure 4-E is shown a method sometimes used to increase the
oscillator voltage—a separate tube is used as an oscillator and the
oscillator grid is used as an injector grid. This provides a worthwhile
gain in sensitivity especially on the high frequency bands where the
oscillator, because of increased grid circuit losses and insufficient
39

coupling between oscillator grid and plate coils develops a much
smaller voltage. The usual oscillator anode is not used and is
connected to the cathode screen grid or ground.

CONCLUSION
In this article on super-heterodyne oscillator considerations we
have tried to bring together the engineering and service view-points
so the service man may better appreciate the reasons behind some of
the compromises made in receiver design, and in understanding
these reasons will repair the receiver so its performance is according
to customer’s needs rather than follow blindly in all cases the
service manual which of necessity is written to cover average con
ditions.

40

I
r

Did It Ever Happen to You?
Sam Serviceman recently received a call from a customer who
complained that his AC-DC “Cigar Box’’ receiver refused to operate.
Accordingly, Sam went to the customer’s home and brought the
receiver back to his shop. Upon making his tests, he found that there
was no plate voltage or speaker excitation. Examination of the
Type 25Z5 tube showed that neither cathode supplied current. Sam
immediately replaced the Type 25Z5 tube with a new one from his
stock. The result was a flash of light, after which this rectifier was as
dead as the first one. Two more rectifiers went the way of this one,
until finally Sam realized that perhaps something else, other than
rectifiers, was wrong in the receiver. Investigation showed that the
filter appeared to be shorted and later Sam discovered that the
electrolytic condenser was defective. Replacement of the condenser
and a new rectifier tube eliminated the difficulty, but obviously Sam
lost money on the job.
Undoubtedly, you have experienced this same difficulty and
perhaps have been perplexed as to just what happened. The rectifier
tube and the filter condenser in a power supply system are so inti
mately tied up that usually failure of one will cause failure of the
other. Consequently, before replacing a defective rectifier tube, it is
wise to make certain that the first filter condenser is in satisfactoryworking condition. If this is not done then the rectifier tube may
blow immediately, or a short time after the receiver goes into serviceThe electrolytic condenser, “remembering” that it was subjected to
some unusual operating conditions and becoming “sore” at the
memory will again act up and another rectifier tube will “pop.” It
is very important, therefore, whenever a rectifier tube failure appears
in any receiver, to make certain that the filter condensers are satis
factory and that no short exists elsewhere in the filter circuit.
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This difficulty, which usually appears in the case of Type 25Z5 or
Type 25Z6G tubes, shows up in the form of burned out or fused
cathode tabs. These tabs are the small metal connection strips
between the cathode sleeves and the cathode return wires in the glass
press. They will fuse when a current much in excess of
ampere
flows for any length of time. These tabs cannot readily be made
heavier since if they are, they will conduct so much heat away from
the cathode sleeve that proper operating temperature will not be
obtained, thus greatly reducing the output of the rectifier.
A precaution against the fusing of these tabs is the installation of a
50 ohm resistor in series with each plate or a 25 ohm resistor in series
with both plates. This will limit the current to a safe value so that
ordinarily, the tabs w’ill not blow. This protection is beifig used by
the manufacturers in some AC-DC receivers.
SIMILAR TROUBLES IN OTHER RECEIVERS

New receivers that have been in warehouse storage, or receivers
that have not been in use for several months may give similar trouble
and should be put into operation cautiously. The initial surge of
current which will flow through the first filter condenser when the
receiver is first turned on may exceed the safe rating of the rectifies
by several times. This is due to the fact that the electrolytic con
denser may become “deformed” as a result of not being in use. The
result is that the rectifier tube may be destroyed because of this
abuse.
In the case of Type 80 rectifiers or similar types, the difficulty
usually shows up in a blown filament about % of the way down on
each leg of the filament so that a “V” shaped piece of filament wire
is loose in the tube, although the welds at the bottom of each leg are
intact.
It may be possible to avoid this by substituting a larger rectifier
tube such as a Type 5ZS in place of the Type 80 during the first few
minutes of operation, until the electrolytic condenser is completely
42
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formed. The regular rectifier may then be replaced. Another ex
pedient, if a variable auto transformer is available, consists of
applying about 60 volts to the power terminals and gradually
increasing this voltage to normal over a period of perhaps 15 minutes.
This will permit the electrolytic condenser to form properly without
drawing more current from the rectifier tube than is safe.
If a serviceman will make it a point to check the condition of the
first electrolytic filter section whenever defective rectifier tubes
show up, he will be ahead of the game in several ways. In the first
place, he will sell an electrolytic condenser and he will save the cost
of several rectifier tubes which might have been destroyed before the
defect was located. He will also save the cost of an extra service call
which might have been necessary if the burn-outs had occurred
after the receiver had been delivered to the customer’s home.
The above suggestions are offered to help servicemen avoid losses
due to a common difficulty which has not been completely under
stood.
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1
Whose Face Is Red?
One evening Mr. John Q. Public discovered that his radio wasn’t
working as well as it had when he bought it several years earlier, lie
thereupon decided that the trouble might be defective tubes, as he
couldn’t remember buying any new ones for a long time.
The next morning he removed all the tubes from his receiver (and
marked it so he could get them back correctly, we hope), and took
them to a shop where he remembered seeing a “Tubes Tested Free”
sign. The serviceman, whom we will call “A”, gave a verdict of
1 bad, 6 OK.
Mr. Public felt that one bad tube couldn’t have had that much
effect on his radio, so he gathered up all his tubes and marched on to
another “Free Test” shop. Here the verdict, delivered by serviceman
“B”, was 8 OK and 4 bad. That made our hero smell a rat. The
radio wasn’t that bad!
Again he gathered up his property and departed to find another
shop. Here serviceman “C” told him that 5 were bad and only 2
were good. By this time our hero, hot under the collar, determined
to carry on to the bitter end. In the next shop serviceman “D” said,
“4 OK, 3 bad.” Our hero had time for one more call, and here
serviceman “E” said, “5 OK, 2 bad.”
It is now almost nine o’clock and John Q. goes to work. All day
he broods over the tricky tactics of servicemen. He is convinced that
at least three out of the five were trying to “pull a fast one.” Service
man “A”, he decides, was probably honest, and certainly dumb,
because he made no attempt to sell more than one tube. Only
serviceman “E” hit the mark that our hero now decides must be
about right—namely two bad tubes out of seven. At the end of the
day he returns to “E”, ready to buy two new tubes.
By this time, however, he is so suspicious of all servicemen that he
44

insists on-seeing the tests by which “E” determined that two tubes
were defective. “E”, being an obliging cuss, carefully shows him
that the old tubes test 48, and explains that a new tube of the same
type should test 72. Everything is pleasant, and “E” is about to
wrap up the new tubes, when our hero cries “Whoa, there! I want to
see those new tubes tested too. How do I know they are in good
condition?”

Imagine the embarrassment of “E” and the utter disgust of John
Q. Public when those new tubes tested 38—exactly ten points lower
than the old tubes which he has been told test defective.
These two situations—lack of correlation between tube tests made
by different servicemen, and lack of absolute correlation between
different makes of tubes of the same type, happen every day. Per
haps you have wondered why some customers never came back
after you made a careful test of his tubes. Perhaps you have been
embarrassed when new tubes of the brand you carry showed up on
your tester as “worse” than defective tubes of another brand This
is bad for your business. Careful consideration of the factors
involved may help wide-awake servicemen to guard against such
situations, to their own personal benefit and the benefit of the whole
service profession.
In 1929 and 1930 the use of Type 27 as a bias detector was quite
common. It was discovered that some Type 27 tubes worked better
than others in certain applications. Investigations showed that there
were over fifty different sets of operating conditions that the Type 27
had to meet in biased detector service. Tubes which were satisfactory
in one circuit were not as good in others. Yet all of these tubes met
normal specifications for Type 27. In later years a similar situation
has arisen in the use of Type 36 as an autodyne. It is frequently
necessary to try out several tubes before finding one that will give
satisfactory performance in a certain receiver, yet the “unsatis
factory” tubes will work well in some other circuit with different
requirements. It is obvious, from these examples, that although
tubes test normal there are occasions when a selection must be made.
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In a modern tube factory a score or more of different characteristics
are measured with extreme accuracy. Test equipment frequently
costs $1000 or more. ‘It is to be expected that some compromise
must be made in building a tube tester costing around $40.00.
These testers can make only relatively few and simple tests. Yet, if
the serviceman is willing to spend considerable time in learning the
limitations of the tester he owns, his results can be surprisingly
accurate.
Returning now to our hero’s experience, the difficulty was probably
due to the fact that each of these servicemen were equipped with a
different make of tester. Each was sincere in his belief that he was
giving the correct answer to the tube test. In spite of this, the
variant results made the customer suspect that at least some of these
servicemen were tricky or dishonest.
Further, the embarrassing results when “E” tested the new tubes
was probably due to the fact that different makes of tubes, although
of the same type, and in good operating condition, may give widely
variant indications on the older emission type testers.
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The Operation of High Mu Triodes
The use of high mu triodes such as Types 75, 6Q7G, 6F5G, etc., as
audio amplifier tubes following a diode detector often results in very
bad grid circuit overloading which gives rise to poor quality and high
distortion. This is frequently caused by improper filtering of the
audio input to the grid, resulting in i.f. being also applied to the grid,
A high mu triode usually operates with very little bias on its grid.
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For this reason, only a very small signal can be applied to the grid
before overloading takes place. A filter designed to remove the i.f.
from the signal applied to the grid is very necessary. This filter is
shown as Cj, Rj, Cj, in Figures 1, 2, 3. Where such a filter has not
been already included in a receiver, the addition of these parts will
probably improve quality considerably.
There are three types of circuits in which high mu tubes are
generally used. They are fixed bias as indicated in Figure 1; self
bias as indicated in Figure 2, and zero bias operation as indicated in
Figure 3. The first two types of operation have been used for some
time. Within the past year the use of zero bias operation for high mu
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triodes has become quite popular. There are two things which must
be kept in mind in attempting to use this latter system. (1) A
resistor must be used in the plate circuit to limit the plate current to
a safe value. (2) The grid resistor must be high in value—on the
order of 10 megohms. The filter in the input should still be includecf.
A plate by-pass condenser of 100 mmfd. should always be used with
any high mu triode to by-pass any i.f. which might get through to
the plate.
The tone quality of receivers employing high mu triodes can be
improved by adding a filter in the input circuit. In some instances
zero bias operation may still further improve performance.
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Degeneration in Audio Amplifiers
A great deal of interest has been shown lately in the use of de
generation in audio amplifiers. As a result of this, an article covering
some of the simple forms of this system follows.
In a degenerative or feed-back amplifier the amplifier is designed
to have more voltage gain than is finally required, and a portion of
the output voltage is then fed back to the input through a suitable
feed-back circuit so that the phase and magnitude reduces the excess
gain to the required value. The amplifier so treated acquires many
improved operating characteristics. Some cf these characteristics
are:
1. Improved uniform gain independent of supply voltage varia
tions.
2. Gain less dependent on tube variations.
3. Gain vs. frequency more constant or can be adjusted to desired
characteristic by varying type and magnitude of feed-back.
4. Reduced distortion.
5. Reduced hum and noise
It is the purpose of this article to show only the simplest form of
degeneration for a single stage amplifier. Excellent results are
obtained by applying feed-back over more than one stage.
Fig. 1 shows a typical single stage output tube with cathode bias.
The input circuit consists of the grid of the tube, the transformer
secondary, and the cathode resistor R shunted with condenser C.
The total signal voltage is applied between cathode and grid.
The output circuit consists of the cathode, cathode resistor, load
and plate. Here again, if C is large, the voltage in the output circuit
is divided between the tube and the load.
If w’e remove the condenser C from across the resistor R, then
conditions in the output circuit arc changed. An audio voltage
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will appear across this resistance. Since the plate voltage at the
instant the grid receives a positive signal is at its most negative
point, the voltage drop across R is such that the cathode is plus On
the grid side the cathode will be minus so that actually the signal
applied between grid and cathode will be the signal less the audio drop
across R. Thus, a smaller signal will actually be applied between
grid and cathode. This voltage drop across R is known as a de
generative drop since it is subtracting from the original applied
voltage. This represents degeneration in its simplest form.
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Fig. 2 shows the form in which “feed-back” or degeneration is
commonly applied to a single stage. Fig. 8 shows the same system
applied to a push-pull stage.
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The Mystery of the Burned-out Tube
Our friend, Sam Serviceman, has been in business for years and has
run up against almost all kinds of radio headaches. He thought he
knew every grief that goes with the service business, but this past
winter something new popped up that had him stumped, as it had
thousands of other servicemen like Sam.

Sam lives in the South, and it all started when the tourists began
to arrive for the winter with the new 1.4 volt portables which could
be plugged into the power line or operated on self-contained batteries.
One day a lady brought in onfe of these sets with the old story that
“It does not work.’’ Sam checked the receiver thinking, “This will
RECTIFIER TUBE

OUTPUT TUBE

L,... lyuvM
6 VOLTS

c>

—r—
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FIC

be easy.’’ The batteries were worn out so he plugged it into the line
before replacing them. To his surprise it did not operate, so Sam
pulled but the plug, removed the tubes and checked them. He
found one tube with an open filament.
Again, “This is easy,” thought Sam. Without plugging in, he
replaced the original good tubes, took a new tube from the shelf,
tested it and put it in the remaining socket. FLASH!!!!
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“What the heck?” muttered Sam, “I didn’t even have it plugged in
and no batteries. How could that happen?’’
He plugged it in and again the set would not operate. Once more
checked the tubes, and found one with an open filament.
He didn’t really begin to worry until the same thing happened
with several portables. Some times, after the mysterious flash,
several or all of the tubes were burned out.
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Let’s leave Sam scratching his head, and try to explain what
causes this peculiar condition.
Some receivers are built like the typical circuit shown in Figure 1.
With this type of receiver, if a tube burns out, it will cause the
electrolytic condenser “C” to fail, since the condenser has a 15 volt
rating. When a tube filament opens up, approximately 150 volts is
applied across “C”, since there is no voltage drop across “Rl”.
Other receivers are built around circuits like that in Figure 2. Here
the electrolytic condenser has a 150 volt rating Therefore, if the
filament of one of the tubes opens, the condenser does not fail, but
has about 150 volts across it and accumulates a large charge because
of its high capacity. It is important to remember that there is now
150 volts across the condenser. This condenser will hold its charge
for a long time. If, now, a good tube is placed in the socket to replace
the defective tube, even if the line cord is pulled, there will be 150
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volts across the tube filaments and the inevitable will happen—at
least one, and possibly all the tubes will burn out. This condenser
must be discharged before inserting a new tube.
Neither of these two circuits is very satisfactory as regards tube
safety, since the output tube must always be located at the positive
end of the filament string to obtain bias, which means that the plate
and screen current for that tube must flow through all the other
filaments. As a result, the other filaments are overloaded.
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Figure 3, shows how this defect has been overcome by providing a
bleeder resistor “R2” to shunt the plate and screen current of the
power output tube. As long as the output tube filament is intact,
then “R2” also acts as a bleeder resistor across the condenser “Cl”
and will drop the voltage across “Cl” to a low value. Thus, if any
filament except the output tube filament opens, there will be no
burnout when a tube is replaced. If, however, the output tube opens
up, or is removed from the socket, then the condenser will be charged
at maximum voltage and the new output tube may be promptly
ruined.
It is very necessary to determine whether any of the typical
circuits shown, are employed, and if so, that proper precautions be
taken to prevent failure of additional tubes. Even if a tube does not
burn out, its emission may be badly impaired and the tube will test
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unsatisfactory. In some receivers it is always the same tube which
burns out. In others, any tube may burn out, and often more than
one. Figure 4, shows a fool-proof circuit since the condenser always
has a bleeder across it.
Most receivers being built today have had the condition which is
responsible for this trouble corrected.
Before servicing any portable AC operated receiver, study the
circuit diagram. If none is available, trace it out before damage is
done to good tubes.
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The Mystery of the
Type 35Z5 Open Filament
Sam Service Man has been going around for some time now with
mighty short finger nails and it really bothers him to no end, because
those nails came in pretty handy to strip the insulation from wires
when he left his wire strippers at home, but poor Sam has been
scratching his head so often over those “doggone” open filaments
that his nails just have no chance at all. Not that Sam’s head is
extra hard, mind you, but those open filament problems have been
so varied that as soon as Sam thought he had one licked, up “popped”
another.
Sam says Mrs. So-and-So is having trouble with the pilot light
popping out in her radio, and if he didn’t get there pronto to replace
it the Type 35Z5 “popped” too; and in Mr. Whatsits AC-DC set
there was trouble with the various tubes in the string which turned
out to be an open filament; and he had to replace a lot of Type lN5’s
in AC-DC battery portables.
Let’s see if we can’t throw a little light on Sam’s filament difficulties, one at a time.
Figure 1 shows the circuit employed in using Types 35Z5 and 45Z5
in typical receivers. Types 35Z5 and 45Z5 are similar to other half
wave, close-spaced, rectifier tubes with the exception that the heater
has a tap brought out for a pilot lamp at a point which is 7.5 volts
from one end of the heater when rated heater voltage is applied and
only heater current flows. Therefore, a pilot lamp can be placed
across this tapped section which eliminates the necessity of a ballast
resistor as is required to secure the pilot lamp voltage when using
other type rectifiers.
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However, in order to increase the brilliancy of the pilot lamp it is
current design practice to connect the rectifier plate also to the heater
tap so that the total plate current of the receiver will pass through
the pilot lamp. This is why panel lamps flicker on strong signals—
because the plate current varies with the signal strength and
naturally the amount of plate current passing through the pilot lamp
will also vary.
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TAP
pilot lamp
SHUNT

Fig. I
Sam has often noticed that the pilot lamp in these receivers lit like
a lighthouse when first turned on. This was due to the fact that
when the tube filaments were cold, as they would be when first
turned on, the current drawn by the series string filaments would be
very high as the resistance of the filaments was low; but when the
filaments become hot their resistance increases and the current is
reduced, and as the pilot lamp is shunted across a section of the
filament there is a large voltage drop across the pilot lamp, caused by
the high current of the cold tubes, and it is this high voltage drop that
can damage the pilot lamp and cause it to open. As soon as the
tubes are warm this voltage decreases and the pilot lamp hardly
lights until plate current starts to flow then the light comes up to
normal brilliancy.
Now look at Figure 2 and sec what would happen if that damaged
pilot lamp was not replaced.
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Remember that the pilot lamp acts as a shunt across a section of
the rectifier filament and keep in mind that the total plate current of
the rectiver also passes through this shunted section.
Therefore it can be seen from Figure 2 that with a missing or
burned-out pilot lamp the tapped section of the rectifier filament
must complete the circuit for the plate current, carrying, in this way
both the rectifier and filament currents.
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The filament is designed to carry 150 ma. but the plate current is
now added to this and as it is normally around 50 ma. we have a
total of £00 ma. passing through the tapped section, thus subjecting
the tube to a considerable power overload which will shorten its life.
In other words, there is approximately 15 volts across a section that
is designed to have only 7.5 volts. Now should the receiver be
turned off and on without allowing the tubes to cool, another problem
presents itself which generally causes the filament of the tapped
section to burn out. This problem is called “On and Off Cycling’’
and depends a great deal upon the capacity of the input filter con
denser.
“On and Off Cycling’’ can be illustrated by the following example.
Mrs. Smith had not replaced the pilot lamp in her receiver and one
evening she thought she heard the telephone ringing, so she turned
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off her radio for an instant to make sure. The telephone was quiet
so she turned on the set again—the set failed to work.
The set did not work because when Mrs. Smith switched off the
current the cathodes of the tubes were hot and had consumed all the
voltage that was stored in the filter condensers. Then the next
instant the current was turned on again and the rectifier cathode
still being hot allowed current to flow to the filter condensers to
become charged again. The current consumed in charging the input
filter condenser is very high and the larger the capacity the higher it
is. This current is plate current and must pass through the tapped
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section of the rectifier filament, thereby adding to the filament
current and causing it to be high enough to burn out the filament.
It often happens that this same charging current is high enough to
exceed the peak plate current limit of the rectifier, thereby causing
the cathode tab to melt. The melted cathode in turn may short to
the filament or plate causing A-C voltage to be applied across the
filter condenser which will certainly cause it to break down.
To help prevent this difficulty, look at Figure 3,
All that is needed is the resistor “R” shunted across the pilot
lamp. This resistor not only prevents the high voltage surge from
damaging the pilot lamp when the receiver is first turned on but will
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protect the tapped section should the lamp be removed. Further
more, it will help protect the tube from the high charging current
drawn by the input filter condenser.
The value of resistor “R” is 300 ohms when a #40 or #47 pilot lamp
is used. Should the receiver not use any pilot lamp then a resistor of
800 ohms must be shunted across the tapped section.
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The Cause and Cure of
Filament Failures
“It’s only an open filament! All you need is a new tube!”
How many times have you said that to a customer? Perhaps a
great many, for it is true that a large number of service calls are due
to open filament tubes.
It was easy for you to slip in a new tube and let it go at that; but,
when you heard the tone of your customer’s voice a short time later
informing you that the very same thing had happened all over again,
were you embarrassed?—We suppose that depended on how much
you charged the customer!
Had you realized that in the majority of cases, open filaments do
not “JUST HAPPEN” but are “CAUSED” you would not have
merely been satisfied with replacing a tube, but you would have
found the cause and cured it—for certainly you value your reputation
as a serviceman and the good will of your customers!
It is therefore the purpose of this article to present a few of the
filament problems encountered in radio servicing, hoping to make
them recognizable and to suggest simple cures which will enable
you, the serviceman, to have a better understanding of what have
appeared to be complications in the past.
Modern radio tubes are indeed very rugged when one considers
the exacting requirements under which they must function in their
various applications. However, there are a few problems which must
be given careful consideration if long life and best results are to
be assured.
One of these problems is the importance of OPERATING AND
MAINTAINING the filament voltage within the published ratings
of the tubes!
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This problem sounds very simple—so simple in fact that we ignore
it. We take it for granted that is a series of 1.4 volt tube filaments
total six volts and we place six volts across it everything is perfect;
or if a 150 ma. series adds up to the line voltage, why not put it
directly across the line? Well, why not? We will take this problem
first.
We will say that one of your customers has an ac-dc receiver, with
a filament circuit like that in Figure 1, in which he continues to find
open filament tubes—sometimes it is the Type 12SQ7, sometimes it is
the Type 12SK7. Your customer is vexed over the whole situation.
You have tested the voltage across the various filaments and they are
35Z5GT 50L6GT 12SA7GT 12SK7GT 12SQ7GT

AAAAA
115
VOLTS
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Fig. 1

within the published limits. The total filaments in series add to 121
volts and your line voltage is only 115 volts. Everything looks good
to you. Why in “Sam Hill” do they “pop” out? Well, suppose we
start taking measurements on this set again and place a voltmeter
across the filament of one of the 12 volt tubes and turn the set on—
Wow! For a few seconds the filament voltage goes up to 26 volts and
then gradually goes down to 12 volts. It is this initial surge voltage
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that causes the filaments to open! But why do we have this condition?
The filament circuit of a typical ac-dc receiver is shown in Figure 1.
There are five tubes having their filaments in series so that the total
voltage will equal the line voltage across which the series string
is connected.
If we visualize each filament as being a resistor, we can better
understand the functions of this circuit. In other words, the fila
ments of the first, second, third, and fourth tubes act as a resistor
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to cut the voltage down to its proper value for the fifth tube, while
the first, second, third and fifth filament is the dropping resistor for
the fourth tube, and so on. We always have four filaments acting as
the ballast resistor for the fifth as shown in Figure 2.
According to Ohm’s Law everything should work fine with this
circuit, and it would if it were not for one condition. The resistance
of the filaments which we are using as dropping resistors is variable—
it varies with temperature.
When the filaments are first turned on the resistance is low because
the tubes are cold and as they become hot, the resistances increase
to a steady value.
*
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This would not be a bad condition at al), providing all the filaments
reached their steady value at the same time; but we have tubes of
various voltages in the series string, and the higher voltage filaments
have a greater mass to heat, thus causing them to have a slower
heating time than the low voltage filaments.
The result is that we do not have sufficient ballast for the low
voltage tubes which have already reached their operating tempera
ture. This causes a higher voltage to appear across their filaments
until the resistance of the high voltage filaments have reached their
steady or high value. The heating time of the high voltage filaments
is further reduced because the high resistance of the now too hot lowvoltage filaments reduces the voltage applied to the higher voltage
tubes.
It can be seen, therefore, that something is necessary to keep the
line voltage reduced until the tubes are warmed up. This can be
easily done by inserting a small resistor in series with the line voltage
and the filament string.
This protective resistor tends to function automatically. As the
resistance of the series filament string is very low when the receiver is
first turned on, there will be a high current drain through the resistor
which will cause a large voltage drop, thereby reducing the voltage
applied across the filaments. When the tubes are hot the resistance
of the filaments increases, thus reducing the current through the
resistor and allowing more voltage for the series filaments.
The application of this protective resistor will naturally drop the
filament a few volts, but this should in no way affect the functioning
of the receiver, as the loss of voltage will be distributed among the
five filaments.
The increasing popularity of the battery-operated receiver has no
doubt caused you numerous headache .
We often find open filament tubes and continue to wonder why,
especially when some of these tubes have been replaced two or
three times.
In sets designed for both battery and ac-dc operation, it is usually
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necessary that the filaments of the tubes be operated in series during
operation from the power line. Series operation is also frequently
employed for battery operation to simplify switching.
There appears to be nothing wrong with this type of circuit. We
sec no reason why we cannot series operate tube filaments providing,
of course, their currents are the same. Mere again, however, there
exists a condition which was not always taken into consideration in
early receiver designs of this kind. The fact that the tubes have
plate and screen voltages applied to them was often ignored. The
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total “B” current consumed by the tubes must return to “B—” and
the only way that it can take place is by passing through the filament
string, thus adding additional current, which at times is sufficient to
cause the tube filaments to open.
In series connected filaments, therefore, the difference between the
filament current at each end of the string must be the total “B”
current, most of which is contributed by the power output tube
which is placed at the positive end of the string so that its bias may
be obtained by returning the grid to the negative end of the filament
string.
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The way the “B” current divides between the “A + ” and the
“A-” circuits depends upon the resistance of these circuits.
For the circuit in Figure 3, this division of the “B” current can
be expressed as:
Percent lb in A4- circuit = lb
Percent lb in A— circuit

lb

Ri

Rl + Ra
(Ra)

Rl + Ra
It is apparent that in a-c operation where “A-H” is connected
through a large dropping resistor, practically all of the current flows
out of the negative end of the filament string.
OUTPUT TUBE

oA+

R

Fig. 4
Therefore, during a-c operation it is desirable to shunt the “B
current of the power tube around the other tube filaments, especially
if a tube of high “B” current is used.
This may be done by a suitable resistor “R” as shown in Figure 4.
This shunting resistor will equalize the current in the tube filaments
for both line and battery operation.
To provide complete protection, the last “A” filter condenser
should be placed directly across the shunting resistor. Thus the
resistor also serves as a “bleeder” upon the last filter condenser in the
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“A” filter circuit and prevents this condenser from being subjected
to excessive voltage when a tube is removed from the set while
operating on a-c for, if the condenser is not damaged, the charge
accumulated is sometinfes sufficient to burn out several tubes when
the filament circuit is again established upon the insertion of a tube.
Although this connection allows some a-c ripple to flow through the
output tube filament, the amplification is not high enough to render
it objectionable.
The filter condenser serves two purposes when used in this position,
one as the “A” filter and the other to prevent modulation currents
of the output tube from passing through the filament string into
the r-f tubes. This condenser must be of high capacity, from 100 to
200 mfd. in order to effectively by-pass the audio component of the
total plate, screen and filament current of the output tube.
In receiver designs where the output tube is of the double filament
type, extreme care should be taken to see that each 1.4 volt section
carries an equal share of the total cathode current. Generally the
negative section receives the greatest amount. This will necessitate
the use of a resistor of approximately 250 ohms in parallel with the
negative section or a suitable resistor may be used between the
filament center tap and -A to secure equalization.
In order to provide more power output when a-c operated, a
separate output tube is sometimes used whose cathode current is
returned through the remaining 1.4 volt tubes and thus provides
their filament current. Some of these sets subject the 1.4 volt tubes
to a severe surge of filament current if the set is switched suddenly
from a-c to battery operation. This results from the fact that the
cathode of the a-c power output tube remains hot long enough to
provide additional current from the “B” battery to flow through the
1.4 volt filaments which are now being supplied from the “A”
battery.
Although the 1.4 volt tubes will operate over a wide range of
filament voltages, care should be exercised to see that the filament
circuits are equalized in order to prevent excessive surges.
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Precautions in Substituting
Rectifier Tubes
The acute shortage of radio tubes is causing the serviceman no end
of problems in devising ways and means of using types which are
available as substitutes for types which can not be procured There
is perhaps more danger in substituting rectifiers without carefully
considering the problems than is the case in substituting most other
types of tubes. The best rule which should be followed wherever
possible, when rectifier tubes must be changed, is to replace a
cathode type tube with a cathode type tube and a filament type
tube with a filament type tube. After a substitution has been made
it is very important to make certain that the voltage drop in the
tube being substituted is approximately the same as in the tube type
that was replacedj otherwise the voltage supplied to the filter
condensers may be so high as to exceed the safe rating of the filter
condensers. With electrolytic condensers as difficult to obtain as
they are at present, it may become a serious matter if they fail
because of excessive voltage.
The substitution of a cathode type rectifier tube for a filament
type rectifier tube invariably results in from 30 to 50 volts additional
being available across the filter and means that the filter condensers
will have to take this extra voltage. If they are already operating
close to their maximum rating, this will probably result in premature
filter condenser failure.
The substitution of a filament type tube for a cathode type tube
will usually result in less voltage finally being applied across the
filter condenser. Another situation, however, will arise in connection
with this type of substitution which may be very serious. This
comes about because the filament type tube heats up within two
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seconds, whereas the cathode type rectifier tube requires about nine
seconds before the operating temperature reaches a value sufficient
to permit normal operation of the tube. Most present day receivers
employ cathode type output tubes which also require about nine
seconds before they are ready to operate satisfactorily. When a
combination of cathode type output tubes and cathode type rectifier
tubes are employed, voltage is available across the filter when the
output tube is ready to draw current so that the voltage across the
filter condenser rises slowly. If, however, a fast heating filament
type tube is substituted in place of the cathode type rectifier, then
the rectifier tube will supply voltage to the filter after two seconds
but the drain on the receiver will be practically nothing until nine
seconds has elapsed. This means, therefore, that the voltage
available across the filter system will be very high due to the fact
that low current is being drawn. This voltage in extreme cases may
become so high that every by-pass and coupling condenser in the
receiver may be blown. It is important to make certain that the
voltage which is delivered to the filter before the output tubes are
heated is low enough so that the filter condensers and other conden
sers in the equipment will not be destroyed. This has been taken
care of in many receiver designs by supplying a self-regulating wet
electrolytic condenser at the input to the filter. This type of con
denser has a property of having extremely high leakage when the
voltage exceeds its rating and this leakage returns to a normal value
when this voltage returns to its rated value.
This is a good place to point out also that when the first section of
a filter system is replaced that the condenser should be replaced with
one of the same type since otherwise the leakage characteristics may
result in unexpected surges which may cause permanent damage to
condensers in other parts of the circuit.
It is hoped that the points brought out in this article will serve to
save the embarrassing situations which might otherwise arise in
connection with less-careful methods of substitution of rectifier tubes
in existing equipment.
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SERVICE TO SERVICEMEN
The Service Helps shown on the following pages are only a few
of the generous assortment of Sylvania Sales and Service Helps made
available by Sylvania Electric Products Inc., most of which are
free upon request. Semi-technical literature for the serviceman such
as Characteristic Sheets, and the Technical Manual at 85c, are in
constant demand Window displays, streamers and transparencies,
price literature, circulars, book matches, electric signs, mailing
cards, newspaper mats, and plain or imprinted tube stickers are
provided generously as an assistance to dealers and servicemen.
All items shown are typical—styles and prices are subject to change
without notice.
Sylvania News, a regular monthly publication featuring a separate
Technical Section, items of trade interest, personal interviews,
and service helps, is available to everyone. Further information
about Sylvania News, Sylvania Radio Tubes, and any of the sales or
service helps, may be obtained from your local Sylvania Distributor,
or by addressing your inquiries to Sylvania Electric Products Inc.,
Emporium, Pa.

* *

In addition to its acknowledged position as a leader in the field
of receiving tubes. Sylvania Electric Products Inc. is also prominent
as a manufacturer of Incandescent Lamp Bulbs and Fluorescent
Lamps and Fixtures.
»
For more than thirty-five years, ’Sylvania Lamp Bulbs, manu
factured at Salem, Mass., have been recognized as a standard.
There is a *Sylvania Lamp Bulb for every lighting requirement,
domestic, commercial, or industrial. Correspondence should be
addressed to Sylvania Electric Products Inc., Salem, Mass.
We invite inquires regarding the products of our Receiving
Tube, Incandescent Lamp Bulb and Fluorescent Lamp Divisions.
•Formerly Hy grade.
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'lU1

COU"”

.efel
215
ENVELOPES
100... .> .50
250. . . .>1.00
500. . . >1.50
Imprinted 4

'uac .
nuviww
UW1

116
BUSINESS CARDS
Two Colon—Imprinted
250....>.75
500....>1.00

r

_s

201
STATIONERY
Radio Dealer style (200)
Serviceman style (201)
8>fj x 11, two-color, with envelopes, both
imprinted.
1000. .>5.00
250..>1.75
500..>3.00

200
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TECHNICAL

n

208—SERVICE
HINTS BOOKLET
Practical advice on un
usual service problems.
FREE
HINTS BOOKLETS
(not illustrated) 226—
Radio Tube Hints. 227
—Radio Circuit Hints.
228—Radio Equipment
Hints. These booklets
contain helpful infor
mation on circuits, tubes
and test equipment.
FREE

MANI

B O O K S

^*7^
SYLVANIA

aiciK rains m
208

Complete Data on Sylvania
tubes.................................85c

SYLVANIA NEWS
Technical Section

213

TRANSMITTING
TUBES
CHARACTERISTIC
FOLDER
sntuu n —d
Characteristic of Syl
vania tubes used in
amateur and commer
cial transmitters with TECHNICAL SECTION B1NDEI
tube and base diagrams.
Containing all back issues of
Technical Section.
FREE
Vol. 1 May 1935 to Jan. 1941 J 1.0
Vol. II Jan. 1941 to Jan. 1946 IjJ
Vol. Ill Jan. 1946 to Date . . 1.0

74

AND

I

LITE R A T U R E

SYLVANIA
RADIO
SYMBOL GUIDE

JL

<<

o

<3

EL

CHARACTERISTICS SHEET
Characteristics of Sylvania
tubes and panel lamps with
tube base views.
EREE

-i

353
RADIO SYMBOL GUIDE
Made of durable plastic. Adds neat
ness to your schematics. 25c each

z l& !l!=-j=r •••
216

TELEVISION TUBES
CHARACTERISTICS
FOLDER
Characteristics of television
picture tubes and general pur
pose cathode ray tubes with
base diagrams. FREE.

239
COLOR CODE CHART
Resistor Values
and Ohms Law

75

SALES PROMOTION
o*u »oi»_
xtr
one ittno.

8
110
TUBE STICKERS
Imprinted (110), Roll of 2000. .$2.35
Plain (114), Roll of 1000
75c.
PROMPT RADIO SERVICE
w— GAt-L —

350
MICA KIT
Generous supply of high-grade mica
with low dielectric loss, just right
for use in service work
10c

,r

■
117
SERVICE STICKERS
$1.50

Roll of 1000
Roll of 2000

$2.50

I COMPLETE RADIO SERVICE

YOUR IMPRINT

HERE
your

SYLVANIA-

128
ANTENNA SPOOL
Imprinted
100. .$1.25 250. .$2.50 500. $4 .00

WINDOW
TRANSPARENCY
FREE

76

SPECIALTIES

301, 303

302

SERVICE JACKET

SHOP COAT (302)

Durable, rugged fabric, foT home
service calls, counicr salesmen, shop
wear. Sizes: 36. 38, 40. 42, 44.
S3.10 each.

Same material as 301. Full length,
special protective features. Sizes: 36
to 44.
J4.00 each.

SERVICE CAP (303)
Matches 301 and 302. Small, 6j$; medium,
large, 7Ji; 25c each.
304—SHOP APRON (not illustrated)
Heavy green duck With two large, one small pocket. Similar to Carpenters aprons.
Very popular with servicemen
50c each.
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