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A

Industrial Applications

of

Electronic Devices

SEVERAL tubes distinctly different
from conventional vacuum tubes

have been designed specifically to
meet the rigorous demands of industry.
In general, these special types may be
considered to take up where the bet-
ter-known high -vacuum tubes leave

off. Their design and characteristics,
as well as the manner in which they
operate, differ so markedly from com-
parable features of the high -vacuum
tube that an understanding of indus-
trial tube operation G prerequisite to
a study of the machinery and devices
in which they are employed.

Essentially, most industrial tubes
are controlled, high -current rectifiers.
This is as might be expected since a
large number of industrial denonds
are for electronic equipment that will
switch high levels of electric power.
These tubes have been provided with
great sensitivity to meet another in-
dustrial demand-a minimum clay -

PART II

Although some large vacuum tubes
are used in industry, their capabilities
per unit of cost do not begin to equal
those of other special tubes. Indus-
trial tubes differ constitutionally from
the familiar high -canons tube mainly
in the introduction into the former of
certain inert gases or merry, valor
This is in order that the useful phe-
nomena of ionization may be made
available. Electrically, they provide
higher efficiency than do vacuum
tubes, increased power - handling
ability, reduced power loss, and lower
voltage drop. In tunny cases, tremen-
dous power amplification is indicated
by the ratio of controlling power to
controlled power.

In industrial tubes, ionization of gas
or mercury vapor is enlisted to obtain
the high anode (plate) currents com-
monly associated with these tubes.
Their peculiar features of operation
are due directly to employment of the
ionization principle.

An interesting point is that indus-
trial tubes may have hot or cold
cathodes, depending upon the type of
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tube and the purposes for which it is
intended. Several cold -cathode tubes
have been developed. Dispensing with
the heated filament is a useful expe-
dient in cases when economy of in-
stallation, operation, and maintenance
is an essential factor.

Noteworthy among these special
type tubes are gaseous triodes and
tetrodes, grid -glow tubes, thyratrons,
ignitrons, and externally -controlled
rectifiers such as the magnetron and
permatron. Several of the important
types will be discussed in this article.
Oct limited space does not permit a
description of each of the numerous
tubes having useful industrial charac-
teristics, so we have selected widely -
used representatives of each doss.

GASEOUS TUBES

The gas -filled triode or tetrode, un-
like its high -vacuum counterpart, is
not primarily an amplifier. In its MI
plications, the switching of current is
of much more importance than am-
plification; although the power con-
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verter, motor generator, and vibrator
transfortner. Inverter development
continues, however, and more service-
able models are apt to be forthcom-
ing soon.

In inverter circuits, gaseous tubes
perform the function usually carried
out by mechanical circuit interrupters
-that of commutating direct -current
flow through the primary winding of
a transformer to induce an alternating
current in the secondary. The fact
that the firing rate may be controlled
in the gaseous tube makes possible
this action in the primary -circuit.
During discharge periods, tube cur-
rent flows through the transformer
Primary; and during periods of deioni-
zation, it is stopped. By proper choice
of certain circuit components (parti-
cularly by arranging redstance-capa-
citance circuits to obtain proper time
constants), the number of conduction
intervals per second, and therefore the
frequency of the secondary voltage,
may be determined.

MC.

FIG. 4

A representative, basic one -tube in-
verter circuit ffi shown M Figure 4. V.
is a gaseous triode, such as a thyra-
tron, supplied with a positive anode
voltage through the primary winding
of the output transformer, T, from the
d.c. power source. Bemoans of the
potentiometer, Rg, connected across
the d.c. supply, a positive potential is
applied to the thyratron grid. Be is

cathode resistor and C its shunting
capacEor.

Briefly, operation of the circuit is
as bibles: Direct -current flow takes

place from the positive terminal of the
d.c. power SIIPPI, through the output
transformer primary, the tube, the ca-
pacitor; and to the negative terminal
of the d.c. supply, quickly charging
the capacitor to a voltage equal to the
d.c. supply voltage if the resistance of
the transformer primary is low enough
and Re is high enough. Still further,
the primary inductance causes current
to continue flowing beyond the in-
stant when the capacitor is charged,
eventually bringing the capacitor volt-
age up to a value higher than that of
the d.c. supply before the flow finally
ceases.

The tube then ceases to conduct be-
cause, due to the high capacitor volt-
age, its anode has become more nega-
tive than its cathode by the amount
of the final capacitor voltage. Conduc-
tion cannot be resumed until the capa-
citor has discharged through the re-
sistance, Be, sufficiently for the grid -
cathode voltage to attain the critical
ralue for the tube.

The net result is that current flows
in the output transformer primary in
short pulses and that an induced al-
ternating voltage appears across the
secondary winding. The magnitude of
this voltage, with respect to that of
the d.c. supply, will be determined by
the turns ratio of the output trans-
former.

The rate at which the tube and ea-
pacitor discharge and the d.c. pulses
are sent through the transformer may
be controlled by the potentiometer,
Rg, and by the time constant of the
Rc-C combination. This will establish
the frequency of the output voltage.
However, a small synchronizing volt-
age of the frequency at which output -
voltage alternations are desired (or a
multiple or submultiple thereof) may
be applied to the thyratron grid
through the transformer, Ts. This
synchronizing voltage might be gen-
erated by an oscillator, miniature al-
ternator, buzzer, or similar a.c. source.

There are several single -tube in-
verter circuits in somewhat limited
use, but push-pull inverters are more
generally employed. Figure 5 shows
one such two -tube arrangement.

This circuit embraces the two thy-
ratrons, V, and VG a direct -current
reactor, CH; a storage capacitor, Ci
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the synchronizing -voltage transfor-
mer, Ts; and the output transformer,
To. As in the single -tube arrangement,
the tubes in this circuit perform a
switching or commutating operation,
and the capacitor, C, serves to supply
power during the switching period.

In examining the action of the cir
cut, let us assume that both thyra-
tron plates are positive and that the
grid of V, has been carried suffi-
ciently positive by the excitation volt-
age introduced through Ts to initiate
the discharge in that tube. V. will
then be in a conducting condition and
current will flow from the positive
side of the input d.c. source through
the upper half of the output trans-
former primary and back to the nega-
tive side of the d.c. source through W.
The grid of W is negative at this time
and that tube is non -conducting.

The voltage drop developed across
the transformer primary by the cur-
rent flowing through its upper half
charges the capacitor rendering point
1 negative and point 2 positive.

When the grid polarity reverses, no
change is thereby occasioned in the
conduction of current by the V, plate
circuit, the V, grid having lost control;
but the second thyratron, V1. becomes
conducting, effectively connecting
point 2 to the negative side of the d.c.
line. The result is that a momentary
negative voltage is applied to the
plate of V. and control is thereby re-
stored to the plate of V, and control
is thereby restored to the V, grid.

The action is repetitive and pro-
duces an alternating voltage in the
windings of the output transformer.



of the grid voltage but its phase as
well, and control will be restored to
the grid each Moe the anode voltage
passes through zero.

In Figure 2, a gaseous triode is
shown supplied with alternating po-
tentials from a common source. A
cathode tap on the secondary winding
of the transformer, T, is placed so
that the anode voltage, Ep, is devel-
oped by one section of the secondary
and the grid voltage, Eg, by the
other section. It is evident that the
anode and grid voltages are 180 de-
grees out of phase with each other.

The grid voltage will be negative
when the anode voltage N positive, a
satisfactory condition for a negatively -
controlled tube. However, the tube
discharge will not be initiated until
the negative half -cycle of grid voltage
is at the ignition point for instantane-
ous anode voltage.

Reference to the two diagrams, A &
B, of Figure 3 will clarify the me-
chanics of this process. Diagram A
depicts the anode voltage alternations
by the wave Ep and opposite -phase
grid -voltage alternations by the wave
Eg. Shaded portions of the positive
half -cycles of Ep indicate intervals
during which anode current flows
through the load, R. (Figure 2).

Assume that the grid voltage level,
P is the ignition potential for the
particular plate voltage, X. The grid
voltage half -cycle will again reach
this value at P', and on succeeding
half -cycles at P", P° and F2s. In
such case, anode current will begin
to flow at this grid voltage, P, as
indicated by the shaded portion of the
first Ep half wycle. However, when
Eg next passes through the ignition

FIG. 2

potential, at point P. the discharge H
not extinguished for the reason that
the grid lost further control after
point P. The discharge continues,
therefore, until the anode voltage
reaches the zero line (point 0) when
Ep is intewmated Nog enough too

zation to be curtailed and grid -
control restored.

When Eg again reaches the ignition
potential, at P" and P"', it is of no
consequence, since the anode potential
has swung into the negative half -
cycle and conduction does not occur.
Not until the Eg ignition potential is
reassumed at 12*, when Ep is again
positive, does conduction occur.

It will be observed from the shaded
areas that conduction exists during
the part of each positive half -cycle
of anode voltage between the instant
of firing and the end of the half -cycle.
These shaded areas may be widened
or narrowed (with the same values of
alternating anode and grid voltages)
by moving the Eg curve horizontally
along the horizontal axis, changing its
position with respect to the Ep curve.
This is equivalent to stating that the
interval of current flow may be leng-
thened or shortened by shifting the
phase of the grid -voltage.

Diagram B in Figure 3 shows the
result of shifting the Eg curve some-
what to the right, the Ep curve re-
maining stationary. Here, the points
P and X correspond to identical
values in Diagram A, but notice the
shorter interval (shaded area) during
which the tube conducts current.

Grid voltage phase shifting obvi-
ously cannot be accomplished in the
unaltered arrangement shown M Fig-
ure 2. However, simple circuit addi-
tions are possible whereby the Eg
phase may be shifted over a useful
range. For example, the grid voltage
may be obtained through a fixed ca-
pacitor inserted into the cirmit at
point C and a plate-togrid variable
resistor employed for phase -shifting
adjustments. The conducting interval
in each positive half -cycle of anode
voltage will be inversely proportional
to the setting of this resistor; extend-
ing over the entire half -cycle when
the resistance H cut out entirely, the
anode and grid voltages being M
phase at this setting.

FIG. 3

Numerous methods for starting and
stopping gaseous tubes by means of
phase shifting have been devised.
Some of these system, abundantly de-
scribed in the literature on these
tubes, employ manual means of ad-
justment and others are fully auto-
matic in operation. In the latter cate-
gory may be included the practice of
placing a photocell between anode
and grid in the arrangement described
in the preceding paragraph. Here, the
varying resistance of the photocell re-
places the manually -varied resistor.
Still other phase -controlling circuits
utilize bridge arrangements of resist-
ance and indurtanced In general, any
of the familiar phase -shifting net-
works may be employed for gaseous -
tube control.

Individual experimenters will find
the entire subject of phase -controlled
gaseous rectifiers fertile territory,
since almost limitless arrangements
may be worked out for particular ap-
plications. Such arrangements might
make use of grid voltages of various
magnitudes, frequencies, and wave-
forms as individual requirements dic
tate.

INVERTERS

The inverter is an electronic device
for converting direct current into al-
ternating current. Its chief

into

are its full electronic action and gen-
eral compactness, although this device
has not yet supplanted the rotary con -
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trolled in the switching operation is
usually hundreds of times larger than
the power that controls the tube, and
this might be regarded as a form of
amplification.

The distinguishing electrical beha-
vior of the industrial tube is due to
the

of
action of its grid elec-

trode. The grid in a gaseous tube
serves only to start and stop the flow
of plate cent, exerting no modulat-
ing effect upon this current oe it
has begun to flow. As a result,nc the
plate current is either at Us maMmurn
value or at zero. Thus, the gaseous
tube any every description of a
one-way current valve.

In a high -vacuum tube, plate cur-
rent is reduced very nearly to zero
by some value of negative grid volt-
age. If the grid voltage is then made
less negative than this value, more
plate current will flow in accordance
with the Eg-Ip characteristic of the
tube. Further variation of the magni-
tude or polarity of the grid voltage
produces corresponding plate current
ariations.

Ina gaseous tub, on the contrary,
the plate curreM rises very sharply
to its maximum value (for the applied
plate voltage) at the instant that the
grid voltage is made less negative
than the cut-off value for that plate
voltage. This rise may be delayed or
graduated only by circuit conditions,
not by grid voltage changes.

This peculiar action of the gaseous
tube grid is attributed to a the sheath
of positive ions which forms around
the grid structure as soon as ioniza-
tion of the gas takes place and shields
the grid electrostatically from the
other tube elements.

The plate current of a gaseous tri-
ode may be in the hundreds of am-
peres, compared with the vacuum tri-
ode plate current which rarely exceeds
several hundred milliamperes. The
current -handling capability of the gas
triode is therefore many times greater
than the maximum values normally
afforded by high vacuumtubes.

Each value of plate voltage has a
corresponding value of grid voltage
which will prevent the discharge
within the gaseous tube from taking
place. A more negative value of grid

voltage has no effect whatever, but a
/err negative value will allow the dis-
charge to obtain. Once the discharge
has been initiated, however, the grid
loses control, as explained earlier, and
no variation of the grid voltage am-
plitude will then alter the value of
plate current or stop its flow. Only
by removing the plate voltage long
enough for deionization to occur may
the plate current be interrupted and
coMrol be restored to the grid.

A definite time interval elapses be-
tween the instant of removal of the
plate voltage and complete deioniza-
lion. This eletimizatio,o time, due to the
fact that the ions and electrons do not
disappear immediately from the active
space, may be as great as several micro-
seconds. The grid regains control
only at the end of this deionization
intevat. Similarly, the gaseous tube
does not "fire" immediately when the
anode voltage is applied, but a few
micrconds later. This interval is
termedose the inetivaion time. Industrial
tubes used in certain circuits, such as
inverters, must possess a short deioni
zation time. In other applications,
longer deionization times can be tol-
erated.

There are both positive -controlled
and negative -controlled gaseous tubes.
However, the latter type is most
widely used at this writing.

High currents flow in gaseous tubes
with low voltage drop. Hence, larger
plate currents are obtained with lower
plate voltages, a feat not possible with
costly high -vacuum tubes. The greater
current and power flow is due to the
increased electron density provided by

zation. Plate power loss is very

In controlled -rectifier circuits em-
PloYing gaseous tubes, it is possible
to effect grid control of the unidirec-
tional anode current flow either by
means of a direct or an alternating
grid voltage. In the latter ce, the
phase of the grid voltage mayas be so
regulated with respect to the anode
voltage phase that any desired por-
tion of the positive half -cycle of the
latter may be rectified.

THE THYRATRON
The thyratron is a hot -cathode,

grid -regulated, heavy -current triode

or temode. Like other industrial
tubes, its internal power loss is yen'
low compared to the high -vacuum
tube, a feature which makes it ideal
for the handling of large currents, and
its cathode is designed for the emis-
sion of electrons in profuse numbers.

Depending upon type, the thyratron
may be either gas -filled or it may con-
tain a small amount of mercury to be
vaporized during operation. Ioniza-
tion of the gas neutralizes the space -
charge electrons, thereby providing
through the tube a constant voltage
drop of low magnitude.

Once the thyratron plate current
has been started, its actual value can-
not ordinarily be altered by changes
M the grid voltage. The control ele-
ment in the thyratron, as in other
gaseous tubes, does not permit a con-
tinuous control of plate current but
serves solely as a trigger for initiating
current flow.

For any value of thyratron plate
voltage, there is a distinct value of
direct grid voltage (the ignition
point) at which ionization just occurs
and plate current flow is started. From
this point on, the effect of the grid
voltage H negligible, the grid regain-
ing control only when the tube dis-
charge is extinguished long enough
for deionization to take place. There
is no initial flow of electrons when
the grid is more highly negative than
the ignition point.

Thus, the importaM thyratron char-
acteristic curve does not depict the re-
lationship between grid voltage and
plate current, as M customary with
high -vacuum tube, but rather the Eg -
Ep combinations at which plate cur-
rent flow is just initiated.

Thyratron grid control is restored
also when the plate voltage falls to a
very low value approaching zero
when Ep is less than the voltage
required to maintain the arc; it be-
ing amed that the time interval
is sufficissuent for deionization to take
place. Thus, if the thyratron anode
is supplied with alternating voltage.
control is restored twice during each
cycle. The grid may then postpone
the tube discharge to a point on the
positive half -cycle corresponding to
the extent to which the grid voltage
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is more negative. Operation of the
tube may therefore be conveniently
obtained over any predetermined por-
tion of the alternating plate -voltage
cycle. This feature is utilized in sev-
eral industrial applications, as will be
shown later.

Among its many important indus-
trial applications, the thyratron finds
employment as a heavy -current recti-
fier M which off -on action is obtained
either by adjustment of the amplitude
or phase of the grid voltage, in DC -
to -AC inverters, and M trigger -type
high -current control devices.

GRID -GLOW TUBES

The grid -glow tube is an interesting
gaseous controlled -rectifier tube of
the cold -cathode type. By dispensing
with the filament -heating equipment
necessary tomost tubes, greater eco-
nomies in auxiliary equipment and
power consumption are effected.

In the grid -glow tube, the gas dis-
charge is initiated directly by the tube
potentials. The positively -charged
anode attracts electrons from the cold
cathode region with sufficient velocity
to ionize the gas and produce the ad-
ditional electrons required to carry
the normal tube current.

When the grid voltage is positive in
a grid -glow tube, the voltage between
the grid and cathode is the sum of
the anode and grid voltages. At a
certain value of this sum (when the
positive grid voltage has exceeded its
critical value), a grid -cathode dis-
charge through the gas initiated,
and shortly thereafter this discharge
transfers to the anode, forming the
main dischargethe tube. Thus,
conduction in a grid -glow tube is es-
tablished automatically by two steps
in quick succession.

The length of the time interval be-
tween the initiation of the grid -cath-
ode discharge and the formation of
the main discharge depends largely
upon the value of plate voltage. The
voltage between the plate and grid
electrodes must always be sufficiently
high to transfer the discharge.

A particular advantage of the grid -
glow tube is that it may be controlled
by a low -voltage high -impedance

source such as a photocell, by loon
values of current, and by the dis-
charge of small condensers.

4 -ELEMENT CONTROL TUBES

Several advantages are claimed for
tetrode versions of the high -current
grid -controlled rectifier tube. In gen-
eral, these follow the advantages of
tetrode and pentode vacuum Wbes
over the simpler triode type. For ex -
amply the gaseous tetrode draws less
grid current than the triode, thereby
preseming a higher impedance to the
source of control voltage.

A particular feature of the shield -
grid control tube is that the point at
which the discharge is initiated in the
gas ma vy be varied by means of the
screen oltage and may be made either
positive or negative thereby. A fluc-
tuating screen voltage will impart to
the tube a control characteristic of re-
versing polarity, being successively
positive and negative fuer wrilllls
portions of the a.c. anode -voltage
ycle. This feature enables interest-

ing phase -controlled circuit arrange-
ments.

POOL -TYPE CATHODES

Use has been made extensively of
the mercury pool as a cold -cathode
emitter of electrons. A typical ex-
ample is the mercury -arc rectifier
which is to be found in numerous
stationary high -power installations.
The mercury pool emits electrons in
huge quantities in a rectifier tube and
makes a surprisingly rugged cathode.

Special advantages of the pool -type
cathode are that A requires no heat-
ing, is capable of heavy emission, will
withstand severe instantaneous over-
loads, and possesses long life.

In the mercury -arc rectifier, the
initial electrons which move to the
anode during positive half cyclesof
anode voltage are supplied by a "keep -
alive" circuit consisting of a small arc
maintained between a special keep -
alive electrode and the cathode pool
surface. When the arc "strikes" be-
tween the anode and the pool, a
cathode spot is formed on the surface
of the mercury and this becomes a
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far better source of electrons than
common filaments and hot cathodes.

Such a rectifier has a very low volt-
age drop and may be employed to
handle thousands of amperes, the
main disadvantage of the light -duty
types being the wasteful keep -alive
cu they require.

THE IGNITRON

The ignitron is an improvement
upon the mercury -arc rectifier just de-
scribed. This tube, while retaining the -

desirable characteristics of the arc
rectifiG (e.g., the cold, pool -type cath-
ode, high current capacity, and long
life), dispenses with the undesirable
keep -alive circuit.

In the ignitron, the cathode spot is
formed initially by a spark passed be-
tween a suitable substance, such as a
carborundum crystal, and the cathode
pool into which it E immersed. The
discharge then shifts quickly to the
narby positively - charged anode
within a few microseconds.

The ignitron electrode consumes
little current compared to the keep -
alive electrode of the conventional
mercury -arc rectifier which must be
kept supplied to maintain the arc.

The ignitron provides a controlled
rectifier of the pool type which may
be put into service instantly. No pro-
longed warup periods are required
by this devim-ce.

EXTERNAL CONTROL. THE
KATHETRON, MAGNETRON,

AND PERMATRON

Up to this point, only tubes with
internal control electrodes have been
described. However, the control of
current flow through high-level recti-
fiers is not entirely a property of the
conventional grid alone. It is a matter
of record that common mercury-vapor
rectifier tubes of the heated filament
type have been controlled by means
of grids wound around the outside of
their bulbs. Such simple successes
have led to refinements of the ex-
ternal control electrode, and these in-
troduce a still different ,lase of high -
current control tubes.

Although certain disadvantages of
externally -controlled tubes may be at
once apparent, distinct advantages of
the external electrode are its isolation
(in some circuits) from the discharge
path .d the possibility of insulating
it from the other elements. Also, it
may be readily applied experimentally
to certain of the diode type rectifiers.

Both electrostatic and electromag-
netic control have been accomplished
externally. Electrostatic control is en-
abled by an external control grid
which sets up an electrostatic field
within the tube. Electromagnetic con-
trol is based upon the ability of a

magnetic field passed through the
anode -cathode interval to operate
upon the discharge in the same man-
ner as a negative grid voltage.

The kathetron is a special tube uti-
lizing electrostatic control. The con-
trol -grid electrode, taking the form of
a wire coil or mesh, is wound around
the outside of the envelope and sets
up a useful field inside the tube by a
two-step chain of events: the external
charge induces charges on the inside
wall of the tube evelope, and these
in turn set up then internal field.

The magnetron is a high -vacuum
rectifier tube in which plate current
flow is controlled by an external mag-
net winding. Operation of the mag-
netron, and other magnetically -con-
trolled rectifiers, depends upon the
ability of a magnetic field to deflect
electrons in motion out of their nor-
mal cathode -anode path. Electrons
moving toward the positively -charged
anode are accelerated or retarded ac-
cording to the strength of the mag-
netic field set up inside the tube by
the external coil. Actually, their
paths are bent by the field, and if the
resulting curvature is great enough,
they will not reach the anode at all
and no current will flow.

Like the magnetron, the permatron
makes use of an external magnet coil.
The permatron is functionally identi-
cal with the thyratron, except in the
respect of external control.

The permatron has a hot -filament
cathode in its base end; an anode, usu-
ally of the circuDr plate type, in its
opposite end. Between the anode and
cathode extends a cylindric. "collec-

FIG.I

tor" electrode which completely sur-
rounds the discharge path and may be
connected either directly to the cath-
ode or through a high resistance to
the anode. When the magnetic field
is applied across the tube (i.e., per-
pendicular to the discharge path),
electrons leaving the cathode are de-
flected toward the collector and their
velocity reduced to such an extent
that ionization is prevented. Thus,
the application of a magnetic field of
sufficient intensity will stop conduc-
tion of current through the rectifier.
Polarity of the magnetic field is of vn
consequence.

When the magnetic field is removed
by interrupting the magnet supply
urreve, conduction is resumed and
continues until the anode voltage is
removed or reversed in polarity.

In permatron tests, as great as 200
kilowatts of power through the tube
have been triggered by 1 watt flowing
in the control -magnet winding. Vari-
ous low-level sources of magnetizing
cue have been utilized in this high
power -sensitivity control.

Outside of the realm of controlled
rectifiers as such, the permatron has
found special application in land-tele.
graph relay circuits, automatic battery
chargers, and automatic faders for
neon signs.

GASEOUS -TUBE CONTROL
CIRCUITS

There are almost limitless ways of
applying gaseous tubes to control
operations. In general, a method may
be found for employing the advam
sages of these tubes in any system in
which their power-hand1Mg capabili-
ties are not exceeded. Where the con-
trolling current or voltage D of a low
order of magnitude, appropriate va-
cuum -tube amplifiers may be called

into service to raise these impulses
to the level required by the control
grid. By an adequate combination of
photocell, vacuum -tube amplifier, and
gaseous -tube circuit, even the tin),
aoant of energy in the light from a
dismtant star might be utilized to start
up a heavy electric motor or to turn
on all the lights of a large exposition.

Figure 1 shows one of the simplest
gaseous -tube control circuits. V is the
thyratron or other gas -filled rectifier,
arranged to control the load circuits.
R represents the load which may con-
sist of a relay, motor, heater, or s-
lar device to be actuated by the lc.
output of the tube. The anode supply
is either a.c. or d.c. R is an input
shuntresistor across which the con-
trol current develops grid voltage.
This component might be the load
resistor in a vacuum -tube rectifier in-
terposed between an amplifier and the
gaseous tube when working with tiny
control currents. S is a circuit -open-
ing switch employed to interrupt the
anode current momentarily to deion-
ize the tube when used with a d.c.
plate supply.

When direct current is supplied to
both anode and grid in this circuit, the
anode will normally be connected to
the positive pole of As supply. The
polarity of the grid voltage will de-
pend upon whether the tube is posi-
tively- or negatively -controlled.

The value of steadily -applied con-
trol voltage developed across 12, must
be maintained at, or slightly higher
than, the critical value for ionization.
A reasonable reduction below this
level will then trigger off the dis-
charge and maximum current will flow
through the load, R, until deionization
is accomplished by means of the
switch, S, or a reversal of the anode
voltage polarity. Control of this cir-
cuit is achieved either by reducing the
steadily -applied grid voltage or re-
moving it entirely from the grid.

The anode supply might likewise be
an alternating voltage, whereupon
control action will remain substanti-
ally the same and rectification will be
obtained through the tube.

If both anode and grid voltages are
alternating, the tube discharge will be
controlled not only by the magnitude
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