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The Variable Mu Tube

By J. E. Anderson

as a defect for many years. When it first came to be

recognized it was referred to as “riding through” because
of its peculiarity that the signals from one station rode through
the tuner on the carrier wave of another station to which the
receiver was tuned. It was not a case of lack of selectivity,
because when the receiver was detuned just a little both signals
disappeared.

The cause of ihe trouble was that the radio frequency ampli-
fiers in the receiver acted as detectors, or modulators, instead
oi amplifiers only. The guilty tube in most instances was the
first, although other tubes may have contributed to the trouble,
The remedy for this condition was principally tuning the re-
ceiver very sharply before the first tube so that only one signal
was impressed on the grid of that tube. However, when there
is a strong local station and a weak station is desired, it is
usually not possible to tune the receiver so sharply as to com-
pletely suppress the strong station and, therefore, cross modu-
lation occurs.

CROSS modulation in radio receivers has been recognized

Too High Grid Bias

Since the detecting efficiency of a tube depends on the grid
bias the degree of cross modulation depends on the grid bias
also and in such a way that the higher the bias the greater the
trouble up to the point where the plate current is cut off. That
is, greatest cross modulation occurs where the tube detects
most efficiently.

Cross modulation was not a serious trouble until screen grid
tubes came to be used in receivers, These tubes are not only
efficient amplifiers but also excellent grid bias detectors, and
the grid bias difference between the two types of operation is
very small, due to the high amplification factor of the tube.
Hence a slight maladjustment of the grid bias will convert the
tube from an amplifier to a detector, or to a cross modulator.

The degree of cross modulation also depends on the signal
level in the radio frequency amplifiers. If the signal level is
kept down to the lowest possible value in all the tubes, con-
sistent with a given output, the cross modulation will also be
kept down to the lowest possible level, other factors remaining
constant. For this reason, the volume control should be put
ahead of the first tube so that only enough signal voltage to
produce the desired output will be impressed on the first tube.
It is an error of design to put it after the first tube, or after
any other tube, because then the damage will have occurred
before the signal gets to the volume control.

Volume Control in Screen Grid Circuit

When screen grid tubes are used in amplifiers it is customary
1o control the volume by either varying the screen voltage or
the grid bias voltage. Sometimes it is also controlled by varying
the plate voltage. Any one of these methods of controlling the
volume is wrong from the point of view of cross modulation
because all increase the detecting efficiency when the control
is adjusted so as to decrease the amplification.

When an automatic volume control is incorporated in a
receiver, and there is cne in nearly everv modern receiver, the
amplification is decreased on strong signals by increasing the
bias, and strong cross modulation should be expected whenever
the signal is strong at the antenna because in order to cut down
the amplification sufficiently it is necessary to increase the bias
to the point where the tubes automatically controlled become
detectors. It is for this reason that cross modulation is a
serious defect in most up-to-date receivers. This, of course, 1s
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Curves of a 324 screen grid tube and a variable mu screen
grid tube for one plate voltage and two different screen
voltages. The curves for the variable mu tube G51 do not
approach zero current as rapidly as those for the 324 tube.

not dimited to screen grid tubes, but the trouble is more serious
in them.

Curves lllustrated

Th@ production of cross modulation in screen grid tubes is
well illustrated by grid voltage, plate current curves taken on
such tubes. Two such curves taken on -24 type tubes are given

(Continued on next page)
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Curves showing the comparative performances of the -Z4
and the G51 iubes.

(Continued from preceding page)
in Fig. 1. The scrcen aud plate voltages at which these curves
were taken are specified on tiie graphs. The proper cperating
point for amplification is when the Dbias is 1.5 volts negative.
At this point the distortion for moderately strong signals is
negligible. i ]

In order to reduce the a:nplification by means of an 1ucrease
of the grid bias it is necessary to make the bias 3 volts or more,
depending on the value of the plate and screen voltages, qnd
as soon as the bias is high enough to cut down the ampl}ﬂcatgon
the tube is operating in the detecting range and the distortion
is great. Distortion is equivalent to cross modulation as soon
as the tubes are exposed to more than one signal carrier. On
the curve for Ed equals 43 volts the bias would have to be
made ahout 4 volts before there would be a great decrease in
the amplification, and this is the point where the detecting
cfficiency is greatest. On the curve for Ed equals 67.5 volts
the bias would have to be made about 6 volts negative before
there would be much decrease in the amplification, and this
point, too, coincides with that of greatest detecting efficiency.
Cross modulation is inevitable unless the interfering signal is
kept away irom the grid of the first tube, and the grids of the
succeeding tubes. It is doubtiul, even if a dual tuner 1s put
ahcad of the frst tube, that cross modulation counld be avoided

in many instances.
The Dilemma

1i we are to have automatic volume controls, and they seem
necessary in modern sets, we canuot put the control ahead of
the first tube since it imust operate on a fube. Hence we are
faced with the cross modulation problem as soon as we decide
on lhe use of an automatic volume control. This difficulty has
long been recognized and it is one of the reasons why a local-
distant switch hAds been put in most receivers. This switch is an
attempt to relieve the automatic volume control of much of the
work and so to decrease cross modulation. Dy means of it the
great signal variations from station to station can be taken up
by a manual control placed in the antenna circuit, the proper
place. The automatic feature is then left to coatrol the signal
variations from any one station due to fading and similar
phenomena which cannot be handled by a manual device. But
when_ fading is severe, as it often is, the demands on the auto-
matic volume contro! are enough to bring out cross modulation,
so the local-distant switch is only a partial remedy.

When an automatic volume control is used it should be made
1o control those radio frequency amplifier tubes which follew
as many tuners as possible so that the interfering signals are
as completely suppressed as possible before the automatic con-
trol. It is seldom that the first tube is automatically controlled
for this reason, and quite often it is only the tube ahead of the
detector that is so controlled. That is as it should be. When
there are three or four tuners ahead of the automatically con-

trolled tube, or tubes, and when there is a local-distant switch,
the trouble from cross modulation is greatly diminished. Still
it is not completely eliminated as is evidenced by the fact that
there are many complaints from users of up-to-date sets.

Variable Mu Tube

What is needed when automatic volume control is used is a
tube with a variable amplification factor, variable with the grid
bias. For example, if the tube is such that the amplification
factor of the tube decreases as the grid bias increases, the curva-
ture which causes cross modulation is reduced and so is the cross
modulation itself. The tube, in effect, would then change its
character from one of very high mu when the signal is weak to
one of very low mu when the signal is strong. Such a tube
would obviate the necessity of using a local-distant switch and
to a large extent the necessity of insuring that a large number
of sharp tuners precede the tubes automatically controlled.

But is such a tube possible? It is not only possible but it
i1s an actuality. It is on the market.

The amplification factor of a tube depends on the geometrical
structure of the tube, especially that of the grid in respect to
the plate. [t has been found possible to arrange the structure
of the grid so that the effective portion of it varies with the
operating bias. Stuart Ballantine, of thke Radio Irequency
Laboratories, Boonton, N. J., has developed the theory and the
structure of such a tube aund it has been manufactured by the
makers of Majestic receivers and tubes. The code name for
the tube is G51. It looks like an AC screen grid tube and it
acts like one as long as the grid bias is low but when the bias
is high it acts like a different tube.

Curves for G5! Tube

In Fig. 1 are two curves taken on the G531 tube under the
same screen and plate veltage conditions as the two curves for
the 324 tube reproduced in that Agure. It will be noticed that
for grid bhias voltages less than about 3.5 volts the G51 and the
224 are practically alike as far as the amplification constants
are concerned, for the corresponding curves are parallel and
the slopes are the same. For higher grid bias voltages the
characteristics of the two tubes diverge greatly. The curves
for the 324 drop to zero quickly whereas those for the G51
flatten out and approach zero much more slowly, indicating
that the.amplification factor has changed to a lower value. The

Right

(1) —Power detection by the grid leak and condenser method
is not possible because the detector tube chokes up so that on
strong signals no output is obtained.

(2)—By using a tube as a diode it is possible to employ the
;ame tube for both automatic volume control tube and detector.

(3)—I1f tlie automatic volume control tube and its associated
cireuit are such as to follow the carrier frequency accurately the
feedback s not DC but AC and results in reducing the sensitivity
of the receiver.

(4)—The higher the plate current that is drawn by a receiver
¢he poorer is the filtration of the current from the B supply.

(5)—An electro-static shield is one that prevents transfer of
mergy from one circuit to another by capacity coupling.

(6)—A higher selectivity can be obtained with variable con-
fensers thau with fixed condensers.

(7)—If the audio frequency amplifier is designed so that there
s no frequency distortion between the detector and the output
of the last tube, high class quality is assured.

(8)—I[f. the output of a receiver as delivered into a pure
resistance equal to twice the internal resistance of the power
tube is measured and it is found that the amplification is prac-
tically uniform over the entire audible scale, the quality of the
music heard will be truly represented by the data.

Questions

Answers

(1)>-Wrong. To obtain power detection, that is, high signal
detection, it is ouly necessary to reduce the grid leak resistance.
It is true. however, that as much output voltage cannot be ob-
tained with grid leak detection as with grid bias detection. This
is offset by the fact that grid leak detection is more sensitive.

(2)—Right. When the tube is used as a diode the cathode
may be grounded and then the plate, or grid, is negative with
respect to the cathode by an amount depending on the carrier
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change, of course, is gradual.

It is clear that if the tubes in the radio frequency amplifier
are like the G51 there will not be nearly as much cross modula-
tion as the grid bias increases as if the tubes are of the -24
type. Consider the two curves for Ed equals 45 volts, for ex-
ample. Suppose the signal is such that the automatic volume
control forces the grid bias on the controlled tubes to 4.5 volts.
The ordinary screen grid tube then operates as a detector while
the variable mu tube still operates as an amplifier, although
not as effectively as if the bias were lower.

If the signal forces the bias still more negative, say to five
volts, the distortion in the —24 type tube is great, due to de-
tection, but the other tube still remains an amplifier of some-
what less efficiency.

The GS51 tube will continue to operate as an amplifier without
much distortion long after the —24 type tube has ceased to
function either as an amplifier or as a detector.

Decrease of Mutual Conductance

From the data contained in Fig. 1 we cannot determine the
amplification of either tube but we can determine the mutual
conductance, since this is the slope of a curve at any selected
place. At zero bias the upper curve for the GSI tube the plate
current is 3.91 milliamperes and at 1 volt it is 3.3 milliamperes.
Thus a change of one volt in the bias changes the plate current
by .61 millianipere, and therefore the mutual conductance at
0.5 volt bias is 610 micromhos. At 4.5 volts we get a slope of
380 micromhos, and at 9 volts a slope of 100 micromhos.

The corresponding slopes of the lower GS51 curve are 550,
160, and 50 micromhos. The mutual conductance at 0.5 for the
—24 tube, taken on the upper curve, is 620 micromhos and at
45 volts 360 micromhos. For 9 volts the mutual conductance
is zero since there is no change in the plate current with
changes in the grid bias, for the current is zero in this region.
On the lower curve for the —24 tube the slope is 480 micromhos
at 0.5 volt and at 4.5 volts it is about 90 micromhos. Beyond
this value the current is zero. For the variable mu tube the
mutual conductance does not drop to zero as rapidly as it does
for the regular screen grid tube and this is largely due to the
fact that the amplification factor for the G51 decreases as the
bias increases.

The curves for the G5l tube are higher than the curves for
the —24 tube. This indicates that the internal plate resistance
for the G51 tube is lower than that for the —24. At zero bias

Wrong?

voltage that is impressed. The rectified voltage drop across a
resistance can be used as input voltage to the audio amplifier
and at the same time it can be used as bias on the radio fre-
quency tubes. Indeed, it is possible to do away with the grid
bias resistor on the first audio amplifier, for the bias for this
tube may be taken from the detector also. )

(3)—Right. The automatic volume control circuit is such as
to feed back a voltage which is directly proportional to the signal
and reverse in phase. If the carrier is not removed from this
feedback the effect is the same as if a tickler were reversed.

(4)—Right. There are two reasons for this. In the first place
the heavier the current the lower the inductance of the choke
and hence the poorer the filtration. In the second place, a con-
denser of given capacity discharges more rapidly when the plate
current is heavy, for during part of the cycle the current for
the plates comes from the condensers rather than from the
rectifier tube. )

(5)—Wrong. There is no electro-static shield and none is ever
needed. Static electricity cannot induce any troublesome voltage
in another circuit. The term electro-static shield is nothing but
a misnomer for an electric shield.

(6)—Wrong. The fixity or variability of a condenser has
nothing to do with the selectivity of the circuit of which it forms
a part. This does not mean that a fixed condenser with poor
dielectric makes as selective circuit as a variable air condenser
connected in the same position. When there are many tuned
circuits in tandem the combined selectivity may be less with
fixed condensers than with variable but this would be due to
lack of tuning the circuits to the same frequency. )

(7)—Wrong. The quality may be spoiled before the signal
gets to the detector, for example, when it passes thrpugh an
excessively selective tuner. It may also be spoiled after it passes
the power tube, and even after it has left the loudspeaker.

(8)—Wrong. The loudspeaker will change the quality so that
the characteristic of the receiver as a whole will not be the same
as when the load is a pure resistance.

Reduces Cross Modulation

fies Even at Very High Negative Bias

the ratio of the applied plate voltage to the plate current is
34,500 for the G51 and 50,400 ohms for the —24, in each case
taking the curve for the higher screen voltage. At the same
bias for the 45 volt screen voltage the two ratios are 56,750
ohms and 83,800 ohms.

Suggested Use of New Tubes

_ Receivers have already been designed for the new tubes and
in these receivers they are used in all the radio frequency stages.
They are employed in superheterodynes as well as in radio
frequency amplifier sets.

Just because these tubes will amplify without much cross
mgdulat_mn, there is no reason why other precautions against
this nuisdnce should be abandoned. For example, if one of
these tubes is put in the first stige of a radio frequency ampli-
fier, and that is the proper place for it if only one of the type
is to be used in a receiver, this tube should be operated as an
amplifier with a fixed bias, say in the neighborhood of 1.5 volts.
The modulation will be smali there and the amplification will be
high. Preceding this tube there should be one or more sharp
tuners, and shielding should be employed to prevent signal
pickup by the coils after the first tube.

The automatic volume control might operate on the. grids of
the two tubes immediately preceding the detector, and these
tubes should be of the GS51 type in order to put a check on the
amplification without undue distortion of the waveform on high
signal voltages.

Number of Controlled Tubes

In many reccivers incorporating an automatic volume control
this is made to operate on only one tube, which is usually
sufficient because the change is so rapid near the cut-off of the
—24 type tube characteristic. 'When the new tubes are used,
the automatic control feature should operate on two or more
tubes to produce the same quantitative effect, since the change
in each tube is not so rapid. If the automatic control operates
on two or more tubes, the change per tube need not be so
great and therefore the distortion will be considerably less,
since the amount of distortion depends on the swing,

As seen from the curves, the amplification obtainable with
the GS51 is about the same as that with —24, provided that the
grid bias is in the neighborhood of 1.5 volts. Thus, if a G51
is substituted for a —24 in an amplifier circuit there should be
practically no change in volume, and if there should be a change
it indicates that the bias is greater than it should be. If the
same grid bias resistor is used for both tubes, the bias on the
G51 will be greater than that for the —24, due to the difference
in the plate current.

The curve shows a plate current of 1.8 milliamperes at 1.5
volts for the —24, Ed equals 67.5 volts, and if a grid bias resistor
is to be used to establish this voltage it will have to be 833
ohms. For the GS51 tube the corresponding current is 3.02
milliamperes, so that if the same bias resistor is used the Dbias
will be less than 3.02x833 volts. It is less than this because
as the grid voltage increases the plate current decreases. Equili-
brium will be established at about 2.2 volts. At this point the
amplification is somewhat less than at 1.5 volts.

Requires No Circuit Changes

No circuit changes are necessary when changing over from
—24 type screen grid tubes to G31 tubes for hoth have the same
base, the same arrangement of the terminals, the same heater
voltage and current, and the same plate, screen and plate volt-
ages. While the curves in Fig. 1 are for a plate voltage of 135
volts, the normal rated plate voltage is 180 volts and the cor-
responding screen voltage is 75 voits. just as for the —24 tyne
tube. Curves for the higher voltages are of the same relative
shape as those given except that the current for a given grid
bias is higher.

It is claimed that cross tallk due to modulation is reduced in
the ratio of 500 to one by the new tube. If this be true in
practice there should be no more trouble from cross modulation
no matter how severe are the conditions. Even if the reduction
were only in the ratio of 25 to one there would be a great im-
provement well worth the installation of a new set of tubes in
the receiver subject to annoying cross talk.

Those who are interested in a complete discussion of the
variable mu tube and the theoretical benefits derived from its
use, will find a paper by the inventor of the tube, Stuart Ballan-
tine, in the December, 1930, issue of the Proceedings of the
Institute of Radio Engineers. Many comparative curves be-
tween the new tube and the —24 tvne tube are given in this
paper. There are also illustrations of various geometric struc-
tures which will yield the variable mu type of tube.
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An excellent receiver, one that brings in far-distant stations with plenty of volume, is diagrammed herewith. This circuit
is used as the basis of explaining the functioning of a receiver.

ET us examine what happens in a receiver.
Antenna, ground and speaker are connected, tubes inserted
in sockets, and the set turned “on.”

A voltage develops across the antenna-ground coil. This is
due to the fact that the aerial-ground system is like a condenser,
where the aerial is one plate, the ground the other. But be-
sides being a condenser, or a discharging-storage tank for han-
dling radio waves, it is also an instrumentality for picking them
up. Indeed, the pickup qualities are those most persons have in
mind first. As the wave alternates between antenna and ground,
at the frequency determined by the carrier, the aerial is enabled
to impart that frequency to whatever load is placed between it
and ground. It imparts all radio frequencies, some more pro-
nouncedly than others, nevertheless with fair uniformity.

Tuning the Input

The load on the antenna-ground circuit is a coil across which
are two resistors which for the discussion may be considered as
one. So it is easy to comprehend that all radio frequencies that
are in the ether at this point with any magnitude to deserve
consideration are present in the antenna winding, which is the
smaller of two closely coupled windings of a coil system. The
small winding is called the primary, the large winding the
secondary.

We see that a tuning condenser is across the secondary, so
the input to the first tube is tuned. Moreover, the adjustable
feature of the resistor across the antenna winding permits the
utilization of various degrees of the voltage drop in the re-
sistor, for transfer on to the rest of the chain, so volume is
controlled or selected, as well as radio frequency, prior to any
amplification.

A volume control in this position, where gradations start from
zero resistance and increase to a specified maximum, which
maximum may be anything from 10,000 ohms up, makes the
signal disappear, on average volume stations, at about the mid-
way setting of the volume control. The purpose of inserting a
series resistor is to establish a substantial minimum volume set-
ting and increase the useful range of the volume control,

How Bias Results

The condenser with the arrow at bottom, used for tuning the
secondary, is a variable condenser, and the arrow designates
the movable or rotor plates. The stator plates, that do not move,
go to grid. E represents a small adjustable condenser, set
once and left at a certain capacity. When the receiver is built,
these small condensers E are adjusted. Their function is to
compensate for capacity inequalities, and make the capacity in
each circuit equal for any given setting. They are called
compensators or trimmers, and their presence is due to the use
of several capacities on one shaft, in gang formation, or other

mechanical method of making one motion adjust the frequency
of response of several circuits.

By mutual induction the energy is imparted by primary to
secondary through the air between the windings, so that input
is made to the grid circuit of the first tube. This input circuit
is from grid to cathode, really, but the tuning condenser is
returned to ground because in that way body capacity is
avoided in tuning, while the secondary coil is returned to ground
to afford a negative bias on the first tube equal to the voltage
drop in the biasing resistor.

The first tube is a 227, and has three essential elements. One
is the grid, made of mesh wire, and interposed between the
solid metal plate and the small metal internal cap called the
cathode. The plate receives a positive potential in respect to
the cathode, which should be regarded as zero potential, the so-
called datum or starting point, while the grid in virtually all
circuits nowdays is maintained negative.

In Fig. 1 the application of a positive potential to the plate
causes plate current to flow when the heater has sufficiently
heated the cathode to make the cathode emit electrons, small
particles of electricity. The direction of plate current flow is
from plate to B minus, in this instance also ground. Therefore,
as the grid is between the plate and the cathode, the plate cur-
rent in general flows through the grid. How much plate cur-
rent shall low may be determined by the negative bias voltage
applied to the grid, since the more negative this bias voltage,
assuming a constant and steady plate voltage, the less plate
current will flow.

Voltage Measured or Computed

It will be realized, therefore, that as the plate voltage is con-
stant, indeed, as the voltage from B plus to ground is a constant
total, but is simply differently apportioned, that the vacuum
tube has the characteristic of a variable resistance, the variation
depending on the voltages applied. Since less current will flow
when the grid is more negative, there has been an increase in
resistance somewhere. The plate resistance has gone up.

The plate current, whatever its value, flowing through the
tube to cathode, then goes through the biasing resistor to
grounded B minus. Since ground is the extreme negative point,
and there is a voltage difference between cathode and ground,
due to the voltage drop in the biasing resistor, the cathode
must be positive, and the grid, due to return to ground, negative.
This negative bias may be measured in volts with a precision
voltmeter, or may be computed in volts by Ohm’s law, if one
knows the resistance and the current. The voltage is current in
amperes multiplied by the resistance. If the current is 10 mil-
liamperes (.01 ampere), since the resistor is 600 ohms, the volt-
age drop across the resistor, or bias voltage, is .01 x 600 or
6 volts.

So far we have completed the circuit “looking into” the first
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tube, except for some bypass capacities. The only capacity that
need be considered right now is the one from cathode to ground,
or across the biasing resistor. Since the plate current flows
through this resistor, and this current is changing at a fre-
quency equal to the frequency of the carrier, it is of the same
effect as a radio frequency current for all the practical pur-
poses of passing it through a resistor. It is known as pulsating
direct current. The opposition offered by 600 ohms to radio
frequency is high, and the biasing resistor alone would con-
stitute a serious damper on the intensity of the signal, were
not the radio frequency, in which we are not interested for
biasing purposes, bypassed around the resistor, or, substantially,
removed from the bias circuit. The bypass condenser does that,
detouring the radio frequency by the condenser path, while
the direct current must flow through the resistor, because a
condenser does not pass direct current.

The condenser used happened to be a capacity of 0.1 mifd.,
one section of a block of three condensers of equal capacity,
two of which are joined together for another purpose. When
such a three-in-one block is used, there will be four leads: one,
usually black, which represents the common side of the three
capacities; then the three others, usually red, representing the
individual other sides of these capacities. To constitute 0.2
mfd., for instance, two reds would be connected together, for
this is a parallel connection, and parallel capacities add up.
It makes no difference whatever which two reds are selected.
The remaining capacity would be a single 0.1 mfd. condenser,
and that is what is used across the 600 ohm biasing resistor.

Distributed Capacity

The output of the first radio frequency tube is taken from
the plate circuit. Here again a radio frequency transformer is
used, as in the antenna circuit, but the primary is in the plate
circuit, and it has about the same number of turns than the
antenna winding. If a screen grid tube were used the number
of primary turns in the plate circuit would be about doubled,
because the plate of a screen grid tube is better served by a
high impedance load.

The coil marked 800-T interrupts the primary on its way to
B plus. This represents an 800-turn duolateral-wound radio
frequency choke coil (honeycomb coil). The placing of turns
of wire next to each other on the winding form causes the
capacity existing between turns to add, the result being this
total distributed capacity between the two extreme terminals
of the coils is rather large, but if the duolateral method of wind-
ing is used, where the coil is built “outward” instead of “up-
ward,” these capacities between respective turns are in series,
and the greater the number of turns, the less the distributed
capacity. As 800 turns constitute a considerable number, and
as needed high inductance is obtained, the result is achieved
without developing more than a trivial distributed capacity.

In some positions the total capacity should be very small, in
others it is not nearly large enough, so a condenser is used
for providing such added large capacity. However, the same
coil is suitable in any instance, as the condenser would be used
anyway, if needed. The point here is that low distributed
capacity is present, but high capacity is needed, and the coil
is chosen for its high inductance and compactness, and the extra
capacity supplied.

Use of Choke Coil

The purpose of the coil in this position is to choke the radio
frequency currents, that is, prevent them from straying to the
B supply and to other courses where there would result un-
desirable coupling between tubes and wires. The bypass capa-
city from the choke coil to ground directs the radio frequency
currents to ground that might even escape through the choke
coil, as the choking effect is not complete without the condenser.
The choking is called filtering, and the object of filtration, in
the final sense, is to establish stability, so the set will not squeal
at radio frequencies, even though the amplification is built up
to large proportions. The squealing tendency of a set is pro-
portional to the amplification.

On the point of stray coupling and squealing it is well to
mention that shields are put over the radio frequency trans-
formers or tuning coils, so that these vices will not be present.
Tin should not be used for shielding radio frequency circuits,
as the loss introduced is tremendous. Aluminum is the most
popular metal for such shielding, although copper is superior.
However, copper costs more, due principally to extra labor and
machinery charges involved, otherwise copper would be used.
Moreover, the shield should not hug the coil closely, but there
should be some distance between the coil and the shield wall,
and preferably the tuned winding should be centered in the
available space. A shield is not truly a shield unless and until

it is grounded, so the ground symbols on the shields remind
you to attend to this necessity.

Prevents Cross-Modulation

The biasing of the second radio frequency stage is along the
same lines as that of the first. The biasing resistor is only 300
ohms, as about 5 milliamperes of plate-screen current will flow,
so the bias will be 1.5 volts, which is the recommended value
for the screen grid tube when the plate voltage is 180 volts
and the screen voltage is 75 volts.

The first radio frequency amplifier was a 227 tube, so only the
plate current had to be considered. However, the plate current
of the 227 tube is about twice as great as the plate-screen cur-
rent of the 224. The reason for using a 227 in the first stage,
rather than a screen grid tube, was to prevent cross-modulation,
that is, the signals of a strong local being heard when some
other station, local or distant, is tuned in, though the frequency
separating them may be considerable.

The filtration of the screen lead of the second radio frequency
tube is along the same lines as that for the plate circuit of that
tube, with the extra advantage that the condenser tends to main-
tain the screen at a steady (ground) potential. This refers to
the radio frequency voltage.

The next tube is the detector. A radio frequency choke coil
is the plate load of the preceding tube. A condenser is used for
isolating the divergent voltages on preceding plate and succeed-
ing grid. The tuned winding in the detector grid circuit is sub-
stantially in parallel with the plate load of the preceding tube.

Detection Takes Place

The .0015 mfd. condenser may be considered in series with
the tuned ciycuit, so the plate load would be in parallel with
that series circuit. To view it somewhat differently, but to the
same ultimate effect, the condenser may be considered in series
with the plate load coil, and the tuned winding in parallel with
that series circuit.

. The radio frequency voltage developed across the plate load
is therefore the input to the detector tube, since the tuned cir-
cuit, by its parallel connection to the other, receives this voltage.

‘Up to the grid leak only radio frequencies are involved, but
thereafter there is what is variously termed rectification, detec-
tion and demodulation, which consists simply of removing the
carrier and leaviug only the audio frequencies. This the detector
tube does by suppression, but the radio frequencies are not
fully filtered out, even up to the plate of the detector tube,
th?refore radio frequency may be fed back from plate to the
grid of that tube by some intentional method, such as the one
shown, called capacity feedback. The .0002 mfd. variable con-
denser controls this feedback, and you have regeneration, which
improves sensitivity and selectivity.

Detector Filtration

It will be noted that the plate is connected to the feedback
coil which is in inductive relationship to the grid winding, but
that from the plate, in the direction of the audio channel, a
50 millihenry radio frequency choke coil is connected, with a
.00035 mfd. condenser from its “far” end to ground. This con-
denser completes the filtration of radio frequencies, leaving only
audio frequencies for the audio channel. Were this filtration
other than good, radio frequencies would be amplified as well
as audio frequencies, in the intended audio channel, at least
up to and including the second audio tube, because resistance
coupling is effective on radio frequency amplification, too.

The detector tube is a screen grid tube, with a plate load of
250,000 ohms (0.25 meg.), a grid leak of 500,000 ohms (0.5 meg.)
being used in the next circuit. The screen of the detector may
be returned through a high resistance to the 180-volt line, be-
cause 300 volts are applied to the plate, or may be returned
through a lower value resistance, eg., 0.1 meg., to a lower
voltage, in this instance the screen voltage for the radio fre-
quency tubes.

Leak-Condenser Power Detection

The detector is of the power type, even though grid leak and
condenser are used, with return to grounded cathode. The
small values of grid leak and grid condenser account for the
high input voltage which this type of detector will stand with-
out overload, so that greater sensitivity may be enjoyed and
yet quality reception be present. The condenser used as grid
condenser is a 100 mmfd. equalizer, E, set at maximum capacity.

In the audio channel the plate and grid loads for the first
and second tubes are resistors, with isolating condensers of

(Continued on next page)
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(Continued from preceding page)
.01 mfd. capacity. These condensers sometimes are called coup-
ling condensers, although, as explained, their true purpose is
not to couple but rather to isolate, that is, keep the diverse
direct current voltages apart, the highly positive plate and the
negative grid.

Coming to the last audio stage, this is arranged in push-pull.
The output of the second audio tube is through a capacity-
inductance series circuit in parallel with a resistor. The in-
ductance, here the primary of a push-pull input transformer.
may be placed directly in the plate circuit of the tube, omitting
the 0.1 meg. resistor and 2 mfd. condenser, but under such cir-
cumstances about 10 milliamperes would flow in the primary,
and immediately the primary inductance would be very low,
while with little direct current flowing through it, say, 1 milli-
ampere, the inductance is high. In the diagrammed circuit no
direct current flows through the primary.

It has been explained that this use of a condenser is for
isolating direct current voltages. The condenser offers no ob-
struction to the signal voltage, which is audio frequency, that
is, actually alternating.

Amertran Connections

The secondary of the push-pull transformer consists of two
separate windings, if an Amertran 151 is used. The two 50,000-
ohm resistors and 2 mfd. condensers serve stability purposes.
If the push-pull transformer has no such provision for con-
necting in these three parts, then the center tap would be con-
nected simply to ground.

The output is not defined. There are two leads going from
the respective plates, while the high voltage from the B supply is
between them. Here one may connect a center-tapped choke coil,
of the audio frequency type, that is, with silicon steel, alloy or
similar core, in which case any speaker may be connected to
the plates alone, and no direct current will flow in the speaker
windings. Or, an output transformer with center-tapped prim-
ary, such as is present in some special dynamic speakers, may
be used. Another option is to select the Farrand 10-G speaker,
an inductor dynamic, which has a center-tapped magnet coil,
so that no output device is needed, the center tap going to
B plus, and the two tipped cords to the plates.

Below we see the rectifier. The alternating current is re-
ceived by the primary of the power transformer. A high-voltage
secondary feeds the plates of the 280 rectifier. The center tap
of this winding goes to ground, which thus becomes B minus.
The rectification is of the full-wave type, that is, both alterna-
tions of a cycle are utilized.

Rectifier Filament Always Positive

The rectifier filament is positive in respect to the plates and
the center-tap of the high voltage winding. Rectification takes
place because of the vacuum tube’s property of passing current
in only one direction. Therefore the maximum B voltage is
taken from the filament, here the center tap C, while a B
supply choke coil of 30 henries, with suitable filter capacities
(electrolytic condensers), smoothes out the remaining ripple,
to enable hum-free reproduction. Across the output is a re-

sistor, with taps on it to afford a variety of voltages. This
resistor, because of this function of distributing the voltage
available, is called a voltage divider.

We have thus traced the action in the radio frequency am-
plifier, detector and B supply, competing a brief discussion of
how the receiver and its adjuncts work.

Some may be interested in what kind of a performance such
a receiver yields. It is highly satisfactory. The only serious
trouble from a similar circuit was cross-modulation, and so the
227 tube was substitut