Some Principles of Radiotelephony
Part IIT1 — The ‘“How’' of Modulator Power

BY BYRON GOODMAN,* WIDX

any practical 'phone transmitter, the next
step is to examine some of the methods
that can be used to generate this power. Part 1
of this series indicated that a microphone de-
velops an alternating current corresponding to
the variations in air pressure that make up
“sounds” -~ the problem is to build up the ex-
tremely low power represented by these currents
to a power level that can be measured in tens or
hundreds of watts. Sinee vacuwm-tube amplifiers
will be used for this purpose (although transistors
might be substituted at the low-power levels),
let’s review briefly how a vacuum tube works.
Anyone with a license or studying for a license
undoubtedly knows the basic principle of
vacuum tube. A heated “cathode,” in &4 vacuum,
emits electrons. “Flectrons” can get to be rather
complicated —- ask any physicist — but for our
‘purpose it is sufficient to know that they are the
smallest particles whose mass and charge have
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vharged condenser, only serve to compress the
space charge still more. But put a positive charge
near the space-charge region, and some of the
electrons of the space charge are attracted by
thig positive charge. (Remember, unlike charges
attract.) Moving some of the electrons from the
space charge permits other electrons to be emitted
from the cathode, to make up the deficit. The
higher the magnitude of the positive charge, or
potential (it is measured in volts), the greater
the number of electrons that are attracted.

The Diode

It’s easy to prove this to yourself. Take a diode
~—— which is a cathode and a “plate,” or “anode,”
mounted in a vacuum — and connect it as shown
in Fig. 10A. The battery, E,, puts a positive
charge on the plate, and the meter M 4 measures
the current (electron flow) through the circuit.
For a given temperature of the cathode, the
higher the value of the plate voltage source, Ep,

Fig. 10 — When a diode
{two-element vacuum tube)
is connected in series with a
voltage source and meter
{A), the current through the
tube depends upon the
value of the voltage, up to
the saturation point (B).
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been determined. The charge is negative and, if
any of the electrostatic theory in the introductory
paragraphs of many radio textbooks rubbed off
on you, you know that like charges repel and
unlike charges aitraci. Knowing this, the first
thing we run into when our vacuum-tube cathode
gets up to temperature and starts to emit elec-
trons is ‘‘space charge.” This formidable term
simply means that the first electrons emitted
from the cathode hang around the vicinity of the
cathode, for want of a better place to go. Being
negative charges, they repel other electrons that
might have a hankering to be emitted from the
cathode. The result is that, with no other charges
(or electrostatic fields) near the cathode, we have
a cloud of electrons surrounding the cathode, and
thig cloud prevents further emission from the
cathode. The cloud can be pushed out farther
hy inereasing the temperature of the eathode.
Further negative charges near the cathode,
from some external source like a battery or
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Tnereasing the cathode emis-
sion will raise the saturation
point to a higher plate
voltage.

(8)

the greater will be the flow of current.You can
tabulate the various values of current that are
obtained for different voltages and then plot
them on g simple graph, as at Fig. 10B. The plot
of these values is practically a straight line from
the “0” point up to a point marked “saturation.”
{Down near the “0” point there will be some
slight curvature.) The saturation peint indicates
that, for the given cathode temperature (and
cathode material), we can pass no more current
through the diode, regardless of the plate voltage.
Why? Because all of the electrons emitted by the
eathode are finding their way to the plate. With
no more electrons available, we can’t inerease the
current, since the flow of electrons #s the current.
How can the current be increased? By making
more eleetrons available, which means running
the cathode at a higher temperature {or using a
different cathode material), If we increased the
temperature of the cathode and made another
series of measurements, we would obfain a curve
similar to that of Fig. 10B except that the satura-
tion point would come at a higher plate voltage.
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Fig. 11 — A grid introduced between the cathode and plate (A) gives a triode (three-element vacuum tube). For
a given plate voltage, the plate current is determined by the grid voltage (B) and (C).

In practice, cathodes are always run hot enough
g0 that “temperature saturation” such as this
does not take place. “Saturation” is introduced
here so that it will not be a stranger later on.

You may wonder why all of the electrons are
not attracted at low voltages, so that tempera~
ture saturation would be reached just as soon as
any positive charge existed in the tube. The
reason ties back to your laws of electrostatics: the
lower values of positive charge (voltage) are not
sufficient to overcome completely the high value
of negative charge represented by the space
charge. In other words, if the positive charge
represents 5 units and the spuce charge s 25
units, only 5 units will be moving from the space-
charge region, Boost the positive charge up to 10
units and you will be moving L0 units away from
the vicinity of the cathode, and so on. When you
get up to 25 positive units, you're dragging all
you can from the cathode at this temperature.

From your practical knowledge of such cir-
cuits, you know that if you run a diode as in Fig,
10A, the temperature of the plate will increase
with the How of current through the eircuit.
Since this is a series circuit (all parts connected
in series, as opposed to parallel) the current, in one
part of the circuit must be the sume as in any
other part of the civeuit. Why, then, does the tube
plate heat up, and not the battery or meter?
You might say that the “plate has resistance,”
but you know that it is made of & good conductor
like the wires connecting the other parts of the
vireuit. So, to explain the plate heating, you have
to. appreciate first that the electrons acyuire g
velocity in moving from the cathode to plate.
This velocity bhecomes greater as the voltage
difference (for any given distance between
cathode and plate) is made greater. The electrons
have mass, and now velocity, and a moving mass
has something culled “kinetic energy,” as anyone
who has stopped a baseball barechanded can
testify. In the vacuum tube, the fast-moving
clectrons are brought to a screeching halt at the
plate, and the kinetic energy is converted into
heat when the electrons strike the plate.

1 Actually, the action is not instuntaneous — it does take
2 finite time for electricity to act. The speed in a straight
wire is close to the speed of light, however. - Ep.
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The electrons don’t hit the plate and then fall
to the bottom of the vacuum tube, the way a lot
of baseballs would. Minus their kinetic energy,
they replace the electrons that were removed
from the plate when it wag charged positively by
the battery. The electrons that are removed
from the plate “nudge” each other back down
the wire the instant the battery is connected, and
others are doing the same thing in the wire from
the battery to the cathode. There has to be
“equilibrium” (balance) around the circuit at
any instant, so any tendency for unbalance of
charges in any part of the circuit is immediately !
counteracted through the circuit. The electrons
in the tube actually travel the distance from
space-charge ares 1o plate to maintain the bal-
ance of charges, but the “current” through the
wires is only a balancing of charges maintained
by movement of electrons from atom to atom, a
relatively short hop.

The heat developed at the plate can be cal-
culated from the power in watts (volts X am-
peres) represented by the plate eurrent and the
voltage from cathode to plate. This heat is dis-
sipated by radiation (and some conduction
through the plate connection), and obviously a
larger plate will dissipate more power because
its area is larger and it can radiate more heat.

A diode has no ability to *‘amplifv” signals,
of course, and it was only brought in to furnish
background for the vacuum tubes that are used
as amplifiers. The diode finds use as a rectifier,
in power supplies and in receivers.

The Triode Vacuum Tube

If we take the diode of Fig. 10A and introduce
between its cauthode and plate a mesh of wires
(called a “grid”}, we have a threc-element
vacuum tube, or ‘“‘triode.” 1t is shown in Fig.
11A, with the grid drawu “end on” to remind
you that it is not a solid sheet like the plate.
Let’s make the plate voltage some fixed value
like 250 volts, and see what the effect of different
voltages between cathode and grid will be. If we
make this grid voltage, E;, some high value and
connect it so that the negative terminal goes to
the grid (and the + to the cathode), we will find
that no plate current flows and the meter will
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indicate “0” current. The reason is the basis for
all vacuum-tube amplifier action. You will recall
that it was the positive electric field of the plate
extending over into the space-charge region that
made the current flow through the diode. A small
negative charge on the grid can neutralize the
effect of a higher positive charge on the plate,
since the field from a charged body drops off
with distance, and the plate is farther from the
space-charge region than the grid is. If we reduce
the value of the grid voltage (make it lower but
still with the negative terminal to the grid),
we will reach a point where plate current starts
to flow. This point, of course, is where the nega-
tive charge of the grid is not sufficient to over-
come the positive charge of the plate that can be
felt at the space-charge region. As we make the
grid voltage still lower, still more plate current
will flow.

A plot of the values we have obtained so far
might look like Fig. 11B. This is a plot of “grid
voltage vs. plate current” for a plate voltage of
250. The grid can also be connected to the -}
terminal of the grid-voltage source, but so far we
have no data on what happens and so we can’t
add it to the graph. You will see that the values
do not plot as a straight line — at low values of
plate current there is some curvature, but as the
plate current increases the graph tfends to
straighten out. The value of grid voltage that
“cuts off” (reduces to 0) the plate current is
called the “cut~off”” grid voltage for this particu-
lar value of plate voltage. It would be lower for
fower values of plate voltage and higher for
higher plate voltages.

As we continue to make the grid voltage less
negative, we will eventually reach a grid-voltage
value of 0, and to continue, we must make the
grid voltage -+ with respect to the cathode. As
we do this, and plot the results, we will obtain the
graph (or “characteristic”) of Fig. 11C. The
plate current continues to increase as the grid
voltage increases, until finally the plate current
reaches saturation. This “plate saturation” is a
different type than the “temperature saturation”
mentioned earlier. It takes place when the attrac-
tion of the grid voltage is equal to or greater than
that of the plate voltage. In other words, if the
+4- field of the grid is stronger at the space-charge
region than that of the plate, the electrons will
tend to ignore the plate and be attracted to the
grid. The plate current first flattens out and then
decreases, as indicated. We can get more plate
current at this “saturation” value of grid voltage
by increasing the plate voltage — that would be
“operating on another characteristic” (one drawn
for this new and higher value of plate voltage).

Something else happened to the tube when we
made the grid positive with respect to the cath-
ode. When the grid was negative with respect to
the cathode, no electrons could go to the grid
and consequently no current could flow in the
grid circuit. But when the grid is positive with
respect to the cathode (even by only & fraction of
a volt), electrons can find their way to the grid.
This represents a current, and thus current flows
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in the grid cireuit. With carrent flowing, power
is taken from the grid-voltage source, just as
power is taken from the plate-voltage source
whenever plate current fiows. Clonsequently, a
vacuum tube requires no grid power when the
grid voltage is negative, but it does require grid
power when the grid is positive.

Before we leave this discussion of simple
vacuum-tube operation, let's take s last look
at this business of grid power. We will use the
eireuit of Fig. 11A, except that we will add a large
resistor, K, in series with the grid. This revised
cirenit i shown in Fig. 12. The two batteries in
the grid ecircuit have the same voltage — the

Fig. 12 — 1f there is resistance in series with the grid
of a vacuum tube, an applied voltage will appear at full
value on the grid if the voltage is negative with respect
to cathode, but it will be reduced by the voltage drop
through the resistance R if the applied voltage is
positive.

switch S merely changes the polarity at the grid.
If the batteries are each 10 volts, for example, we
know that switching S to the left puts — 10 volts
on the grid of the tube. What happens when we
switch to the right? Your first guess might be
that it places 4 10 volts on the grid, but you
would be wrong. With the grid positive, some
current will flow through R, and consequently
there will be a voltage drop across £. Thus, the
actual voltage on the grid will be the -+ volts
minus the voltage drop across E, Obviously, we
want & minimum of resistance in series with the
grid when the grid is drawing current, or we
won’t be applying to the grid the voltage we
think we are. This isn’t just an academie point —
it's something to watch out for all the time,

There are, of course, tetrode (four-element)
and pentode (five-clement) type tubes that are
used for audio amplifier and mocdulator work,
but we can save a discussion of their operation
and merits for some other time, They use a con-
trol grid that behaves much the same way the
grid works in a triode, and they use a cathode and
a plate. Extra grids make up the additional
elements.

Tube Ratings

Barlier, it was mentioned that practically all
vacuum tubes are run at a cathode temperature
sufficient to deliver more electrons than will
normally be required, and consequently we never
run into “temperature saturation’ with a prop-
erly-operated vacuum tube. Now let’s look at
gome of the limiting factors of vacuum-tube
operation and how they are determined.

Handbooks and tube manuals furnish informa-
tion on the proper operation of vacuum tubes.
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‘The correct filament (or heater) voltage is listed.
1f the filament (or heater) voltage is maintained
at this value (or within ==5 per cent, usually) the
cathode will be at a temperature sufficient for all
normal uses of the tube. The manufacturer has
determined this value by experiment and design,
and one has a right to expect good tube life when
this value is maintained — and other ratings are
not exceeded.

Another important factor in determining what
a tube can or cannot do in the way of power
output is the “plate dissipation.” You will recall
that this depends upon the area (and construc-
tion) of the plate — the book rating is one that
the manufacturer believes can be maintained
without injury to the tube. Vacuum tubes are
built with plate dissipations ranging from a watt
or so — small receiving tubes — to large trans-
mitting tubes capable of dissipating hundreds or
thousands of watts. As we will see later, the plate-
dissipation figure is not the maximum input that
can be run to a tube — it is the power that can be
sufely dissipated by the plate. We can run more
power than this to the tube if we use up the
additional power in some other way, such as
converting it into audio or r.f. power and deliver-
ing it to & load.

Tubes also have grid-dissipation ratings, for
control and screen grids, and these must also be
respected if the tube is to give reasonable service.

The factor that determines how much of the
d.c. input power supplied to the plate circuit
of a tube is recovered as useful audio or r.f.
power, and not wasted as plate dissipation, is the
efficiency of the tube. The efficiency depends
upon how the tube is operated, as will be ex-
plained later. Suffice to say, a tube operated at 70
per cent efficiency delivers .7 of the plate circuit
d.c. input as power out of the tube and dissipates
the remainder (30 per cent) at the plate.

How a Vacuum Tube Amplifies

8o far we have merely looked at how the grid
voltage of a vacuum tube controls the plate
current. If the tube is to be used as an amplifier,
how do we go about it? To illustrate, take the
circuit of Fig. 13A. It is somewhat similar to Fig.
11A, except that we have added a resistor & in
geries in the plate circuit, and a transformer is
used in the grid circuit. The alternating-voltage

Fig. 13— (A) A
vacuum tube will
“amplify” a signal if
the gignal is applied to
the grid and a suitable €3
“load” (R in this
case) is provided in the
plate circuit. (B) The
action can be traced
through by applying
the signal to the
“characteristic” of the
tube.
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signal, By to be amplified is introduced through
this transformer and, to simplify any arithmetic,
we will make the turns ratio of the transformer
1:1, so that there will be no *“step up” or “step
down” through the transformer. The voltage of
the “bias” battery, E;, will be selected as that
value equal to about one-half the cut-off voltage,
as indicated in Fig. 13B. At this grid voltage,
the value of plate current will be [, found by
moving vertically from this grid voltage up to the
characteristic and then horizontally across to the
plate-current scale. This value of plate current is
called the “static plate current’” -— “static” in
this sense means “with no signal’” — and the
value of K, the “grid bias,” determines it.

When a signal is applied through the trans-
former — e.g., 3 cycles of a sine wave — this
varying voltage adds to or subtracts from the bias
voltage. When the instantaneous grid voltage
becomes more negative, the plate current is
decreased, and when the grid voltage becomes
less negative, the plate current is increased. The
plate current, therefore, follows the changes in the
grid voltage, as shown by the portion marked
“output current” in Fig. 13B. The voltage drop
across I, which is being measured by V" (a fast-
moving voltmeter like an oscilloscope), changes in
the same manner, If B is large, a small change in
the plate current develops a large voltage across
R. Thus 2 small signal voltage at the input be-
comes a large signal voltage at the output, and
the tube “amplifies” the signal.

There are several things to remember about
this type of amplifier. The grid circuit took no
power, except what little might be dissipated in
the resistance of the primary of the transformer.
The plate current, I, if read with a d.c. meter,
would show no change from the static value, with
or without signal, because the d.c. meter can't
follow the rapid changes in current, and the
average change is 0. If we were to increase the
value of Ky, we might swing the grid far enough
to get on the curved portion of the characteristie,
or into the grid-current region, or both. In such &
case, the plate current indicated by a d.c. meter
would not be the same with or without signal.
Swinging on to the curved portion of the charac-
teristic would result in distortion of the negative
half-cycles of plate current. Swinging into the
positive grid region might distort on the positive
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half-cycles of plate current because the grid
would take power. The grid voltage might not be
maintained, through the inability of the signal
source to furnish the necessary power.

An amplifier of this type, when working within
the distortion limits, is called a “Class A am-
plifier.”” A Class A amphﬁer is one in which the
output voltage waveform is a faithful reproduc-
tion of the input voltage waveform and there is
no change in plate current as measured by a d.c.
meter. Commonly, there is no grid power re-
quired, although this is not a qualification.

Class B Amplifiers

A Class A amplifier can, of course, be designed
to furnish considerable audio power, but it is not
a very efficient way to obtain large amounts of
audio power. Class A amplifiers usuvally run
about 20 or 25 per cent efficient with tolerable
distortion, and so we must cast around for & more
efficient means for generating audio power, unless
we want to spend all of our money for modulator
tubes and power supplies. An amplifier running
Class A and using a tube with a plate dissipation
of 40 watts would deliver only 10 to 13 watts,
with a power supply furnishing 50 to 53 watts.
Most of the power goes to heat the tube plate.

Of course, we can operate more tubes in a
Class A amplifier by connecting two or more in
parallel (grids tied together, plates tied together,
and cathodes tied together). Connected this way,
two tubes would give twice as much output as
one tube, but with twice as much d.c. power input
supplied to them. In other words, the efficiency
would remain the same.

Or we can operate the two tubes in push-pull,
a8 shown in Fig. 14. Here you will see that a
transformer has been substituted for the plate

D
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Fig, 14 — For greater output, two tubes can be con-
nected in “push-pull.”

load resistance, R, of Fig. 13A, but aside from
this change, the connections to V3 are the same
in Fig. 14 as they are in Fig. 13A. But in Fig. 14,
V' is connected to other parts of the grid- and
plate-circuit transformers. The net result is that
when the plate current in Vi is increasing, be-
cause the grid voltage is going less negative at
that instant, the plate current in V2 is decreasing
because the grid voltage to that tube is going
more negative. At another part of the signal
cyele, the conditions would be reversed, and
the plate current would be decreasing in 1%
and increasing in Ve, The term “push-pull” is
quite descriptive of the action.

In the plate circuit, the net effect of the varying
currents through the halves of the transformer
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primary is to induce in the secondary a signal
that corresponds to the grid-circuit signal.

Now suppose that we increase the value of
Eg to the point where very little plate current is
drawn by the tubes when there is no signal.
Then when signal is applied, first one tube con-
ducts, because its grid is driven less negative
with respect to cathode, and then the other tube
vonduets. The tube whose grid is driven more
negative of course draws no plate current during
this time. Under these conditions, we have an
amplifier where first one tube contributes to the
output and then the other tube contributes while
the first one idles. You can visualize this by
placing two tube characteristics ““back-to-back,”
ag in Fig. 15. Here you can see that Vy con-
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Fig. 15— The characteristics of two tubes connected
in push-pull and biased near cut-off, The tubes “take
turns” supplying the output current, and consequently
have time to cool off between half-cycles.

tributes half of the time and Vi contributes
during the remainder of the time. Since there is
some curvature to any practical tube charac-
teristie, the two characteristics are aligned so
that at low signal levels both tubes are drawing
a little plate current all of the time.

Tubes operated like this work at a higher ef-
ficiency than they do in & Class A amplifier, be-
cause the tube is not conducting during all of the
signal cycle, and the tube plate can *“cool off”
between half-cycles. Furthermore, the static
plate current is lower than in Class A operation,
s0 the tube heating under no-signal conditions
may be less. Amplifiers of this type are called
“Class B,” and their theoretical efficiency can
run up to 78 per cent. In practice, it may run as
high as 60 per cent, since there are no tubes
built with an “ideal” characteristic, and the
necessary output transformer will dissipate some
of the power output from the tube. In all in-
stances where maximum power is sought from
the tubes, it is necessary to drive the grids into
grid current over part or all of a half-cycle, and
this can be done provided one remembers that it
is lmportant to maintain the grid-voltage wave-
form while the grid is taking power.

By definition, a Class B amplifier is one in
which the tube conduets (has plate current flow-
ing) over only half of the blg'na.l cycle and in
which the output power varies as the square of
the grid voltage. Obviously, the tubes in Fig. 15
are not quite adhering to this definition, because
the curvature of the characteristics required that

{(Continued on page 186)
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inch. Spacing between all coil terminals is 314
inch. C; and Cjs are grounded to a Jug fastened to
the case midway between L; and L. Cs and Cy
are similarly grounded to a lug between L4 and
Ls. Lj is grounded to a lug near the base of its
form. The filter looks very much like the 300-ohm
model, except for the ground connections, the
coaxial terminals and the four less capacitors.
Adjustment is carried out in the same way.

Adjustment Procedure and
Installation

It will be noted that the filter diagrams give
tune-up frequencies for each section. The dotted
lines indicate short heavy busses to be installed
after the assembling of the filter is completed.
The turn spacings of the coils are adjusted to give
resonant frequencies as shown, with all four
busses in place. Next, cement the windings in
place, allow to dry, and then remove the busses.
The filter is now ready for use.

The frequencies indicated for the two coils
either side of the center one must be held within
very close limits if the desired characteristics are
to be attained. Check the accuracy of your grid-
dip meter in a well-calibrated 50-Me. receiver
hefore making these adjustments. The frequen-
cies indicated for the other sections will be close
enough if the average grid-dip meter calibration
accuracy is used.

If the capacitors are within the tolerances
gpecified, and the filter is adjusted carefully as
deseribed above, it should show no noticeable loss
on any TV channel. For best results, the filter
should be grounded to the TV receiver chassis and
mounted close to the tuner. Where the receiver
has an appreciable lead length between the input
to the tuner and the antenna connections at the
back of the receiver cabinet, installing the filter
at the latter point will reduce its effectiveness
congiderably. A small sheet-metal bracket can be
used to ground the filter case to the receiver
chasgis, often using existing holes in the chassis.

These filters are capable of ending a lot of TVI
woes. Installed on your own TV set, one should
permit you to receive all channels, including 2,
without TVI due to fundamental overload while
you operate your bam rig on any amateur fre-
quency up to at least 51 Me. The 300-ohm filter
has enabled me to operate as high as 52.6 Mec,,
with an effective radiated power of 480 watts,
without a trace of TVI on Channel 2. I live in a
semifringe area. Need I say more?

Radiotelephony
{Continued from page 38)

some static plate current be drawn. As a result,
the tubes will conduct during slightly more
than balf of a signal eycle.

Although the preceding definition is the
strictly~accurate one, a Class B amplifier is
more likely to be thought of as one with accepta-
ble distortion in which the plate current (as read

by a d.c. meter) varies with the signal. In other
{Continued on page 148)



LOOK WHAT
HAPPENED!

Further recent improvements in our new type magnet pro-
vides thrust pressure of over 200 grams and 300% increase in
relay contact pressure — Dow relays have now definitely set a
new standard for the industry.

Type DKC
1000 Watts
Length 4447
Width 37

Type DKM
500 Watts =~ 4
Length 3%”
Width 24"

MOBILE

FIXED

FEATURES:

AC types entirely free of hum, guaranteed equally as
silent as DC. Transmit contact pressure now in-
creased to over 100 grams; receiver contacts 45-50
grams.

2. Causes negligible change in s.w.r. up to 199 me.

3. Special type receiver connector automatically
grounds receiver contact inside of connector during
ir it and p 8 recel from RF — (Qptional
— g0t available for DKM).

4. External SPDT switch available (Optional). o
5. Relays supplied with UHF connectors — type on
requixt. gd $1.00 for SPDT external switch. Add
$1.00 for special receiver connector.
AC types (All voltages), Amateur net. ............. $10.50
DC types (All voltages). Amateur net
See your distributor — if he hag not yet stocked Dow Co-axial
relays, order from factory. Send cheque or money order, or will ship
COD. Prices net FOB Warren, Minn, Shipping weight 9 oz. Dealers’
inquiries invited — literature on request — Watch our ads for line
of open type relays, using our new magnet.

THE DOW-KEY CO., INC.

WARREN, MINNESOTA

1
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Be a Radio Ham or Commercial Operator. Pass
FCC, code test in few weeks, Fascinating hobby.
Good pay, interesting work in Commercial field.
Same system used hy radiotelegraph specialists.
FREE book explains how Amateurs and Operators

D

learn code and develop amazing akill and speed.

Candler System Co., Dept. 4-H, Box 928, Denver 1,Colo., U.S.A,
and 52b, Abingdon Rd., Kensington High ét., London W. 8, England

NEW!
ELECTRIC SOLDERING PLIERS

AT LAST! The easy to use resistance
soldering tool for intricate work.

% Slender Special Alloy Tips—Beadily intexchange-
able % Amazing Power—Practically instantaneous
heating, No warmup required % No Cold Joints—
Heat generated in work, not merely applied externally
% Tool Remains Cool— Applying power only for the
seco)r(td or so necessary concentrates all heating in the
work.

UNIT CONSISTS OF Pliers — Approximtely size and
shape of familiar long-mosed pliers. Transformer—
110 V. ac primary, 50-60 cycles. Foot Switch —Heavy

duty nonlocking.

~ |
| ST.JOHN ENGINEERING CO. i
I 4131 Lankershim Boulevard « North Hollywoed, Calif, l
| [ Send me Birdbills C.0.D. @ $28.50 |
I plus postage

[ Send descriptive literature |
= Name. {
| Address. I
| city State. |
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words, the meter indicates more current on
louder passages than on weak ones. And there are
intermediate designations between A and B. An
AB; umplifier is one that operates Class A at low
signal levels, but the d.c. plate current varies at
high levels. No grid current Hows at any time. An
ARy amplifier is much the sume: it operates Class
A at low signal levels, the d.c. plate current varies
at high signal levels, but grid current flows on
signal peaks. The so-called Class B amplifiers
you will run into are actually ABs amplifiers,
although Class B operation is approached fairly
closely with a few speciul tubes designed for the
purpose.

It is impossible to make use of {wo triodes’ full
capability in Class ABy operation, and they are
always run Class ABy when full output is re-
quired. (They van’t be made to draw enough
plate current unless the grid is driven positive.)
On the other hand, one tetrode type (the 6146)
will deliver almost as much in Class AB; as it
will in ABg, because the sereen voltage belps to
malke the tube draw high plate current even when
the control grid is negative. However, most
tetrodes will give from 20 to 100 per cent more
output in ABs than they will in ABy. The Class
AB; amplifier, which requires no grid driving
power, is easier to drive, and this may be & con-
gideration in some instances.

The Driver Stage

The stage that supplies the signal to the audio
power amplifier is called the *‘driver stage.” As
mentioned above, it usually poses no problem in
(llass AB;p operation, and it may be a resistance-
or transformer-coupled stage of low power capa-
bility. It is not always possible to use resistance
coupling, however, because some tubes are
restricted in the permissible resistance in the grid
cireuit, and it will be found difficult to get suffi-
cient grid swing. However, transformer coupling
can be used in such cases. When resistance
coupling is used, it is necessary to use a ‘‘phase
inverter” stage somewhere in the audio amplifier,
to get the necessary push-pull excitation for the
power stage.

In Class AB; operation it is important to main-
tain the grid-voltage waveform when the grid is
drawing current. This is usually done by selecting
for the driver stage a tube, or tubes, with low
plate resistance, since s low plate-resistance tube
can maintain » signal into a variable load — the
grid cireuit of the modulator stage — better than
a high plate-resistance tube. The variable load
is presented as the grid voltage swings from
negative (no grid current) to positive (grid
current).For best economy it is desirable to uti-
lize as much as possible of the available power
of the driver stage, and for this reason some care
must be exercised in selecting the proper trans-
former for coupling the driver stage to the
modulator. The selection of transformers for
modulator stages will be the subject of a future
article in this series.

[Part 1V of this article will appear in a subsequent
issue. — Ep.}





