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HIGH-FREQUENCY GENERATING SYSTEM

John E. Young, Merchantville, N. J., and Edward
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16 Claims.
1

Our present invention relates to the generation
of high freguency power for use, for example, in
high frequency heating systems. The invention
is particularly useful where large concentrations
of heat are required to raise the temperature of
an object or a batch of material to some prede-
termined level in a short time. For example, the
present invention may be used for preheating un-
cured plastic material priorto molding.

In order to heat the load in the shortest heat-
ing period or ctycle, it is:desirable to subject the
foad to high constant power. As the load dries
o1 otherwise changes due to the heating, it will
be found that in most cases its effective ccapacity
and resistance ¢hanges -causing a change in the
power used in the lead. An increase in power
taken by the load may cause overloading of the
generator which is undesirable, whereas a .de-
crease in load power will lengthen the heating
period. ’

One object of our present invention is to pro-
vide an arrangemeént whereby «espite changes in
electrical characteristics of the load, the power
therein is maintained substantially constant,
thereby eliminating the possibility of damage to
the generator caused by overleading while keep-
ing the heating period to a minimum.

A further object of our invention is to provide
apparatus wherein the power applied to a load
may be set for a definite value, and wherein that
applied value of power is maintained and sup-
plied to the load despite changes in electrical
characteristics of the load.

In carrying out our invention, we make use of
a vacuum tube oscillation generator for which,
gver the working range, with constant power ex-
citation or input, the -efficiency of conversion to
high frequency power is practically constant for
loads connected to the oscillator. An impedance
is connected in series with the load and oscillator
and is automatically adjusted in such a way that,
in the event the load characteristics change, the
power fed to the load remains, nevertheless, sub-
stantially constant and at a set, desired value.

Further cbjects of our invention are to pro-
vide a high frequency oscillator whose power out-
put may be easily controlled and set to a desired
value; to provide a comparison system for a
vacuum tube in whieh rectified grid current is
compared with uni-directional plate current fed
to the tube to indicate the state of operation of
the apparatus, and to provide an automatic ad-
justing system which makes use of the compari-
son of direct grid and plate currents of a vacuum
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2
tube for controlling a circuit associated with the
tube.

Further objects, advantages, and features -of
our invention will become evident as the more
detailed description thereof proceeds.

The accompanying wiring diagram, siiown in
Figs. 1 and 1la taken together, is a diagram of our
improved high frequency generating system for
industrial .or power purposes, Fig. 2 is a graph
itustrative of the characteristics of the load and

generator, and Figs. 3, 4, 5 and 6 are curves graph-

ically illustrating the operation of the system of
Figs. 1 and la.

Referring to the accompanying wiring diagram,
we have provided a high frequency generator
conmprising vacuum tubes Vi, V2 operating in
parallel in & Colpitts’ oscillating circuit. These
tubes are provided with a tank circuit TC in which
oseillations of high frequency are produced, for
example, -oscillations having & frequency of 27.4
megacycles. Power is fed from the tank circuit
TC through a variable impedance, reactor, or
coupling device L3 in geries with a load ILD. The
load LD may be any insulative object or mass of
material to be heated by high frequency currents.
The load LD is disposed between the metallic elec-
trodes El, E2, one of which is grounded. In prac-
tice the physically upper electrode is grounded.

-Coil L3 and the capacity represented by the load
and electrodes Ei, E2 are adjusted to resonance
at some frequency substantially higher than the
resonant frequency of tuning of the tank circuit
TC for reasons which will be more fully described
later. Coil 1.4 is connected in shunt to the load
electrodes Ef, B2 in order to secure a small amount
of parallel resonance, thereby relieving coil L3
of some of the current drawn by the load.

In general, the load will have capacitive and
resistive components which may vary during the
heating process. Tt is desirable to feed a constant
amount of high frequency power to the load so
as to make the heating period as short as prac-
ticable. The power absorbed by the load, how-
ever, will change as the characteristics of the load
change, and, hence, we have provided an auto-
matic arrangement for mainfaining the power in
the lcad substantially constant over the heating
period or cycle.

In this connection, relatively constant plate
voltage and, accordingly, input power is fed to
the oseillator tubes Vi, V2, The eficiency of
conversion by these tubes, of the input excitation
or power, to high frequency power is practically
constant for leads within the working range of
the system. The tubes can be set to deliver a
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definite amount of power in the load, as will be
described in detail later, and this amount of power
so fed will be maintained relatively constant even
though, for example, the load impedance arops
or changes. For in that event, the impedance L3
in series with the load is automatically varied by
reversible motor M2 in such a direction as to
maintain constant the power in the load. Al-
though a change in L8 may cause a small change
in frequency of the oscillations generated, of the
order of a few percent, this change is of no prac-
tical significance.

The motor M2 is operated in one direction or
another in response to a comparison of the uni-
directional rectified grid current and the uni-
directional plate current fed to the tubes,

The rectified grid current, it will be noted, is
maintained substantially constant by the use
of resistors A5, A6, which may be in the form of

incandescent lamps and which serve to main- -

tain substantially constant grid current at any
value determined by the setting of auxiliary re-
sistor R§. ‘This grid current is compared with the
plate current flowing through resistor R5 and the

differential voltage resulting from a comparison 3

of the currents or voltages in the resistors R5 and
RE causes the motor M2 to be operated in such a
direction as to bring the plate current back to its
proper value as determined by the grid current
setting. The D. C. plate current, it is to be noted,
is a measure of the high frequency power output
of tubes Vi, V2.

The compared currents or voltages are used to
operate a pair of thyratron tubes V9, VI0 which

operate the reversing switches E6 and ET, con- :

trolling the direction of rotation of motor M2.

To go into greater detail, the high frequency
generator comprises vacuum tubes VI, V2 effec-
tively connected in parallel. Tube V1 is provided
with an anode or plate 2, a grid 4, and a cathode 6.
Tube V2 is provided with a plate 8, a grid or
control electrode {0, and a cathode or filament 12,

The tank circuit TC includes condensers C2 and
C10 which may be of the sulphur dielectric type.
A point 14 intermediate of condensers C9, C10 is
grounded. Coil L2 connected across the tank
condensers is of such value as to resonate with
the tank condensers at a desired frequency of
operation, for example, 27.4 megacycles. An in-
termediate point {6 on coil .2 is connected to
the grids of the high frequency tubes Vi , V2
through bypassing condenser C8. Although the
grids of the tubes are effectively connected in
parallel, coils L8, L7 are provided for insuring
that the grids and plates are 180° apart at the
desired operating frequency.

As before indicated, the load circuit L3, I.4, LD
is directly coupled to the oscillator tank circuit
TC for power transfer. Grid excitation is con-
trolled by varying the magnitude of R. F. voltage
of the proper phase fed from the tank circuit TC
to the grid of the tube. Since the magnitude of
the voltage across the tank coil decreases from
& point of maximum grid voltage at the grid end
of the coil L2 to zero at some point along the
coil, tapping in at some point between these two
limits will vary the grid voltage drive from zero
to the value of voltage existing across capaci-
tor CIi0.

Metering is accomplished by the use of a single
meter 20 and three push-buttons. When operat-
ing normally, the meter reads total plate cur-
rent for both tubes Vi and V2 in percent of
rated load current. By pressing push-button Si,
82, or 83, the meter 20 will read cathode cur-
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rent in tube VI, cathode current in tube V2, and
total grid current respectively.

High voltage plate excitation is derived from
the mercury vapor rectifier tubes V3, V4, V5, V§
and applied through lead 18 and choke L:i to the
parallel-connected plates 2 and 8. The rectifier
tubes are of the RCA 8008 type and operate in a
single phase, full wave bridge rectifier circuit.
Condenser C! is a bypassing condenser and serves
to insure the absence of high frequency power
from the rectifying circuit.

The plate circuit return to the cathodes in-
cludes resistors RS and R1, the latter of which
is provided with a variable tap, as indicated, so
as to balance the current flow through the tubes
Vi, V2 to equal values.

One purpose of the automatic contro! system
involving variable reactor L3, motor M2, and
thyratron V8, Vi0 is to have continual unattended
control of the tuning elements in the loading cir-
cuit so that the average power supplied to the
load LD is at maximum throughout the entire
heating period or cycle. The loading system is g
series tuned circuit comprising inductance 1.8
and the load LD together with the stray capacity
between the electrodes Ef and E2. In this series
circuit, the material LD to be heated forms the
dielectric for the capacitive element, and the con-
tinuously variable rotary coil L3 forms the induc-
tive element. The degree of loading depends
upon how close to resonance this series circuit is
tuned. In normal operation, I3 and the load are
adjusted so as to be capacitive and operate off
resonance, as indicated illustratively in Fig. 2. A
switch S11, manually operated, is provided to run
motor M2 back to adjust L3 and the load to the
capacitive side of resonance, which operation wiil
be found necessary when going from a high to a
low reactive load. An indication for the necessity
of operating SI! is given by the kicking out of
overload relay E3 in the R. F. plate circuit of
tubes VI and V2, or failure of the automstic con-
trol to adjust the loading to the predetermined
setting.

The series inductive element L3 is driven by
motor M2 and the direction of rotation of the
motor will determine whether the inductance of
L3 will increase or decrease. Contro] of direction
of rotation is supplied by the automatic control
circuit which includes actuating switches E6 and
ET which control the direction of rotation of
motor M2 and thyratrons V9 and V10 which con-
trol the switches.

Thyratrons V9 and V0, in turn, are controlied

5 by the difference in voltage across resistance RS,

through which rectified grid current flows, and
the voltage drop across resistance R3 through
which the D. C. plate current for tubes Vi and
V2 flows. The difference in voltage is made effec-
tive across resistance R8 where they are com-
pared or combined, as will be explained in greater
detail later. 'The value of Rb is fixed so that the
voltage drop across it will depend upon the cur-
rent flowing.

The D. C. grid current is maintained constant
through R8 which is variable. In order {o main-
tain the D. C. grid current constant, a grid bias
resistor comprising one or more incandescent
bulbs or lamps A5 and A6 is provided. These
bulbs have a variable resistance characteristic
whereby the resistance increases rapidly as the
bulbs draw current.

As loading on the osciilator is increased, the
high frequency drive increases which causes the
grids to draw more current. This rectified cur-
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rent flowing through the lamps A5 and A6 in-
creases their resistance, resulting in an increase
of negative grid bias, thus tending to reduce the
D. C. grid current. If the loading decreases, the
rectified grig current decreases, resulting in a
rapid drop in grid bias. This condition causes
the grid to draw more current.

The net result is, that as the loading is elthel
increased or decreased, the limits between which
the D. C. grid current varies have been reduced
considerably. The average D. C. current will then
be approximately constant. Therefore, the volt-
age developed across resistance RS will depend
upon its resistance setting as ﬁxed by adjustment
of tap TRE.

Since the ratio of D. C. plate cunent to D. C.
grid current is constant, here, approximately 4:1,
adjustment of R6 by TRS will automatically ad-
just the plate current, thereby enabling setting
and control of the power output of tubes VI, V2
to any desired value within, of course, the operat-
ing range of the system.

Resistance R4, in series with RS, is a meter
resistance of 1 or 2 chms, the voltage drop across
which indicates the grid current flow when im-
pressed across meter 20 when switeh S3 is closed.
Similarly R3 is a low metering resistance, the
voltage drop acress which represents the total
D. C. plate current flow for tubes Vi and V2,

The voltage drop aeross resistance R§ is fed
through radio frequency filtering choke L9 and
a resistive-capacitive filter comprising resisters
Ri%3 and RI% and condensers Cld4 and Cft5,
through a high resistance RI7T to-the control grid
32 of the thyratron tube V9. Condenser CI8§ in
shunt with the grid and cathode of tube V¥ is
also & bypsassing condenser. A portion of the
voltage drop across resistance RS, that is, the
voltage from point 8P to grounded point TP
representing the wvoltage drop produced by the
vectified grid current flow, is developed across
the variable return resistor R8 in series with a
radio frequency ehoke L8,

In a similar way, the voluage drep across re-
sistance RS produced by the D. C. plate eurrent
flow in tubes VI and V2 is fed to the grid 32 of
thyratron tube VI and also impressed across the
common cathode return resistor R8. In thiscon-
nection, it will be noted that inductance Lkt

serves as a radio frequency choke eoil, and con~ ¢

denser Cl16 and C!7 together with resistors RI§
and R20 serves as a radio frequency ilter, re-
sistances K16 and R208 alsc acting as voltage
dropping resistors as do also Ri§ and RIS. RIi8
is similar to RIT and they serve to keep the grid
current of tubes V8 and V{8 down to a safe value.
Condenser CI8 is a bypassing condenser.
Cathode 24 of tube V¥ and the cathode 36 of
tube Vi@ are connected directly together and are
returned to ground through common variable re-
sistor R8. It will be noted, therefere, that if for
some reason & large voltage drop is developed
aeross resistance RS, a portion of it will appear
across resistance R§. This resulting voltage drop
across resistance R8 will tend to place a positive
potential on. the grid 30 of tube V8. Similarly,
if an abnormally large voltage is developed across
resistor RB, this voltage drop will be manifest by
a vcltage drop in resistor R8 whieh will tend: to
overcome the voltage drop in resistor RE and
impress a positive voltage on the grid 32 in. the
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tube V10 with respect to the cathode 36 of tube

Vi,
The plates of tube V8 and V{0 are supplied
with alternating voltages derived from the sec-

(]
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ondary of transformer T§ which is connected be-
tween the cathode of the tubes and the anodes
through radio frequency damping or filtering re-
sistors R{3 and R{4. In the plate circuit of tube
V3 is the solenoid-operated switch E6 and in the
plate circuit of tube Vi0 is the solencid-cperated
switch ET.

When the generator is in operating condition,
that is, with all voltages applied except D. C.
plate voltage, the thyratrons V9 and Vi3 will fire
since there is no hias on the thyratrons. This
will cause plate current to flow in V8 and VI9,
energizing relays E6 and E7 and closing contacts
A—B and A’—B’. Relays Ef and ET control the
direction of rotation of the reversible motor M2,
since they control the relative phases of currents
applied through leads 58 to the reversible induc-
tion motor M2. Condenser C7 is a phasing con-
denser for motor M2.

It can be seen from the diagram that in order
far the motor to rotate, contacts A—B on E6 and
contacts C'—D’ on ET must be closed at the same
time for one direction of rotation and, likewise,
contacts C—D on E6 and A’—B’ on ET must ke
closed at the same time for rotation in the oppo-
site direction. Therefore, if V9 and Vie both
fire at the same time or hoth fail to fire, the
motor will not rotate. There must be only one
tube firing at g time for the system to ozerats.
i. e., to cause rotation of motor M2.

When D. C. voltage is applied fo the anodes
of Vi and V2 in the R. F. circuit, plate current
will flow through R5 and grid current will flow
through R6. Since the ratio of D. C. plate cur-
rent to D. C. grid current is approximately 4:1,
resistors R§ and R5 can be so proporticned that
the voltage drop across them will be equal. Under
this condition, both tubes V9 and Vi{ will cease
firing since they will be biased beyond cut-off
and both grids will be negative and at the same
potential. Contacts A—B and A’—B’ on E§ and
E1 respectively will close, and no motor rotation
will occur.

This is the condition of equilibrium in which
the voltage drop across RS is equal to that across
R5. The grids 38 and 232 will bhe at the same
negative potential with respect to their cathodes
34, 36 and biased sufficiently negative to proeduce
plate current cut-off.

Suppose now it is desired to increase loading.
The value of Rb is increased, causing the voltage
drop across R6 to increase. This also increases
the drop across R8 making its right hand ter-
minal relatively more negative. As a result, the
grid 30 of tube V9 is now biased more negative
with respect to its cathode 34 than that of grid
32 with respect to cathode 36 of tube VI8, or Vib
grid is now positive with respect to V9 grid, and
V10 ecathode. Consequently, V10 will fire, closing
relay ET and causing the motor to rotate in such
a direction so as to tune the load circuit closer
to resonance by increasing the inductance of L.3.
As series resonance is approached, the radio fre-
queney tubes Vi and V2 will draw higher plate
current, which will result in an increased voltage
drop across R5. This voltage drop will increase
to & point at which it will be equal to the drop
aerass R6. At this point, the grid 32 of Vi€ will
be at the same negative potential as that of the
grid 30 of V8 and this potential will cause the
plate current of VI0 fo cut off, de-energizing E?
and stopping motor rotation.

. A similar analysis will hiold true if it is desired
to decrease loading. In the same way, if the
characteristics of the lead change, thereby
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changing the oscillator plate current, the balance
between the voltage drops across R5 and R6 will
be destroyed, and the control relays will operate
the motor to rotate the inductor in the proper
direction to restore equilibrium, and consequently
to restore the loading to normal.

The setting of the sensitivity control R8 will
determine how much voltage difference must ex-
ist between the grids of V8 and VI8 before they
fire their respective tubes.

Power supply for the system may be, for ex-
ample, of 230 volts, 60-cycle input applied
through polarized plugs A8 and Afl. The power
is fed through switch S4 and interlock switches
S8, S9 which may be door-interlocks on the ap-
paratus as set up. With switches S8, S9 closed,
the filament transformer T4 is energized. Trans-
former T4 may also include an automatic fila-
ment voltage regulator to maintain constant volt-
age on the filaments of the various tubes of the
apparatus. Simultaneously with the operation
of the filament, blower Al is energized which
blows cooling air across the grid and plate seals
of high frequency tubes VI and V2.

A time delay relay E5 is provided which pre-
vents closing of the plate voltage contactor E{
until the filaments have been on for at least 30
seconds. This enables the filaments to reach
proper operating temperature before the applica-
tion of high voltage. :

A manually operated switch S190 is provided so
that the secondary of the plate voltage trans-
former T2 may be operated at twa values of volt-
age. Thus, when the left-hand contacts on con-
tactor B2 are closed, the voltage across the sec-
ondary of transformer T2 is relatively high;
whereas, when the right-hand contacts of V2
are closed and the left-hand contacts open, a
higher voltage appears across the secondary for
operation of the rectifiers V3, V4, V5, V6.

A D. C. plate current overload relay E3 is pro-
vided for overload protection and is in series
with the rectifier~-to-ground connection,

A D, C. under-current relay E4 is provided as
shown connected in the grid circuit of tubes VI,
V2. Under certain conditions of loading, adjust-
ment, or due to failure of some circuit component,
the grid excitation may fall below normal, re-
sulting in excessive plate dissipation of tubes
Vi and V2. Under this condition rapid deteriora-
tion and burning out of the tubes may occur.
This is prevented by operation of the under-cur-
rent relay E4 which opens the contacts of E4,
thereby removing plate excitation voltage.
Opening of E4 has the same effect, it will be
noted, as opening S5.

An electric automatic reset timer A2 is provided
which is set into operation by start button S5.
The apparatus in rectangle A2 may be so ar-
ranged as to open the cage interlock switch 81
after a definite time of operation has elapsed.
That is to say, by setting A2 for a definite time
duty interval or cycle, the apparatus is aguto-
matically shut off after the elapse of the inter-
val. A manually operated “power-ofi” button
S6 is also provided.

In operation it will be understood that the load
will be placed on the lower electrode E2 and that
the upper electrode may be universally mounted
on an end of a goose neck, and the upper elec-
trode pulled down to touch or to be suitably
spaced from the load. A safety cage may be
provided which may be pulled down over the
electrodes and load. The cage may be provided
with a latch operated by solenoid Af2 in turn
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energized by the secondary of transformer TS.
After the cage is closed, a clock provided in ap-
paratus A2 may be set to the time required to
properly heat the particular size of material or
load being heated. Then the start button S5 is
pressed which energizes the generator, as de-
scribed, causing radio frequency currents to be
supplied to the material LD. At the end of the
preset time interval, the generator is automatical-
1y de-energized by the apparatus within the ap-
paratus A2 and the safety cage latch is released
by Al2 permitting the cage to automatically
open, which action may also be arranged to auto-
matically lift the upper electrode El from the
work or load LD,

Infra-red lamps may be provided adjacent the
electrodes El, E2 for the purpose of heating the
electrodes during the radio frequency heating
operation in order to prevent the dissipation of
heat to the otherwise cold electrodes.

Figs. 3 to 6 inclusive are illustrative of the
operation of the system. Although the curves
of Figs. 3 to 6 are theoretical, in practice the ap-
paratus will follow them very closely.

Referring to Fig. 3, it will be noted that over
the working range the direct current power in-
put to the plate circuits of radio frequency
tubes Vi and V2 is substantially constant. Fig.
6 shows the power input or power supplied to
the load LD. Here again it will be noted that
over the working range the power supplied to
the load is substantially constant and of a value
W2, which is somewhat less than the input power
WI, since, of course, the efficiency of conver-
sion from D. C, to A. C. power is not perfect.

The root mean square current through the
load LD is given in Fig. 4 and over the working
range it will be noted that this current is in-
versely proportional to the square root of the
load resistance. The root mean square voltage
across the load or across electrodes EI, E2 is
illustrated in Fig. 5 from which it will appear
that this voltage is proportional to the square
root of the load resistance.

We claim:

1. In combination, an electron discharge de-
vice oscillation generator having a grid circuit
and a plate eircuit, a source of D. C. power con-
nected to the plate circuit of the device, a re-
sistive circuit connected to the grid circuit of
the device for controlling and adjusting the in-
put D. C. plate power fed to the generator to g
desired value, a high frequency load coupled to
said generator and whose electrical character-
istics change when supplied with power over a
period of time, and electronic means coupled to
said resistive circuit and responsive to a change
in D, C. plate current to said electron discharge
device generator for automatically adjusting
the coupling to the load in such a way as to
bring the direct current input power to said gen-
erator back to its adjusted value, to thereby sup-
ply the same average power to said load despite
the change in electrical characteristics of said
load. ’

2. In combination, a generator of alternating
currents having a grid circuit and a plate cir-
cult, a load coupled to said generator, means for
maintaining constant the D, C. grid current of
said generator, and a comparator circuit coupled
to said generator and arranged to compare said
D. C. grid current and D. C. plate current and
responsive to a change in the D, C. plate cur-
rent of sald generator for automatically adjust-
ing the coupling of said load to said generator so



2,467,285

9
as to maintain the ‘power supplied to the load
substantially constant.

3. In combination, & generator having a tuned
output circuit, a load to be heated, an adjustable
reactor coupling said load to said tuned circuit,
said reactor having such value that it tegether
with said load comprises 3 tuned circuit whose
rescnance frequency is to ong side of the fre-
quency of operation of said generator, and &
comparater eircult arranged to compare the grid
D. C. current and the plate D. C. gurrent and
to provide an output whenever said plate D. C.
current chahges due to a change in said load,
and a motor coupled to the output of said com-=
parator circuit and linked to said reactor for
automatically adjusting the effective value of
said reactor sg as to control the power supplied
to said load.

4. A high frequehecy power supply system in-
cluding a high frequency generator comprising a
vacuum tube having cathode, grid, and plate éle¢-
trodes, and & tuned circuit connected to the
electrodes of said tube for controlling the fre-
quency of cperation of the generator, g resist-
ance connected between said grid and cathode
electrodes, a resistance connected between the
anode and cathode, & load coupled to said tuned
circuit, means for supplying D. C. grid and D. C.
plate currents through said.respective resist-
ances, circuit elements for maintaining the D. C.
current constant through one of said resistances;
and an electron discharge device system ar-
ranged to compare said D. C. grid and D. C. plate
currents and responsive to a change in D. C.
current through the other resistance due to
a, change in loadihg for varying the power sup-
plied by said generator to said load so as to
maintain constant the power delivered to said
load without interrupting the operation of said
generator.

5. In combination, a high frequency generator
comprising a vacuum tube having anode; cath-
ode, and grid electrodes, a tuned circuit con=
nected to said electrodes for controlling the fre=
quency of power generated, a load circuit coupled
to said tuned circuit, a resistance connected be=
tween the grid and cathode electrodes, another
resistance connectéd between the anode and
- cathode of said tube generator, and circuits ¢om-
paring the D. C. currents flowing through said
resistances and responsive to a change in the dif-
ference between said D. C. currents dtié to a
change in loading for automatically adjusting the
coupling to said load to maintain constant thé
power supplied to said load.

6. A high frequency generator in which the
grid-cathode current is automatically regulated
over a range of loading conditions, comprising &
vaeuum tube having a cathode, 4 grid, and dn
output circuit, connections for causing said fube
to oscillate and supply high fregquency current
from said output circuit to a load device, a re-
sistance circuit located externally of said vacuuin
tube connected between said grid and cathode,
said circuit having a rising resistance-current
characteristic and serving to maintain the recti-
fied grid current flow substantidlly constant.

7. A high frequency generator ih which the
grid-cathode current is automatically regulated
over a range of loading conditions, comprising a
vacuum tube having anode, cathode, and grid
electrodes, a tumed circuit connected to said
anode and cathode eléctrodes, a load coupled to
said tuned cireuit, and an incandescent lamp
and a variable resistance both located externally
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of said vacuum tube and connected in serles be=
tween said grid and cathode, said incandescent
lamp serving to maintain the grid current flow
substantially constant, and said variable resist-
ance seivihg to enable adjustment of the power
output of said generator to said load.

8. A high frequency generator in which the
grid-cathode current is automatically regulated
over 4 rangé of loadihg conditions, comprising a
vacuuinr tube having anodé, eathode and grid
electrodes, & tuned eiréuit coupled to said elec
trodes, o 1osd device coupled to said tuned eir=
ctiit, connections for causing said tube to oscil=
late and supply hish frequency oscillations to
sald load devicg, and a grid bias résistor in the
form of an incandescent lamp or lamps loeated
externally of said vacuum tube and connected
between said grid and cathode for limiting the
ractified grid current Aow in the grid-cathode
circuit between certain limits, said incandescent
lamp or lamps having variable resistance char-
acteristics and changing the bias on said grid
in response to a change in loading conditions.

9. In combingtion, & vacuum tube having an
andde, a cathode, and 4 grid, an output circuit
conhected between said anode and cathode, a
resistor connected between said anode and cath=
ode, another resistor connected between the grid
and cathode and having a predetermined tem-
perature coefficient of resistance, the value of
said last resistor changing to change the bias on
said grid in response to a change in cutrent on
said g@rid, whereby said last resistor sefves to
maiiitain substantially constant the direét cur-
rént ficow between said grid aihd cathode, & re-
versible motor, circuits coupled to said resistors
afid responsive to the difference in voltage drops
a6r¥osE said réesistors for driving said réversible
motér in one direction or in an opposite direc-
& variable eléctrical élement electrically
coupléd to a pair of electrodes of said tube, and
medns inechanically coupling said element to
said motor, whereby the operation of sald motor
varies the value of said electrical element in such
direction as to maintain constant the D. C. input
power fed to said tube.

i0. In a high {fequency heatmg system, a
vacuum tube having anode, cathode, and grid
electrodes, a tuned circuit tuned to a de51red op-
erating frequency coupled to said electrodes, an
incandescent lamp or lamps and a variable re-
sistance connected between said grid and cath-
ode for setting and maintaining the rectified grid
current at a desired substantially constant value,
a, resistance connected between the anode and
cathode of said device, a common resistor aeross
which voltage drops, derived from the grid and
plate circuit resistors are impressed, & pair of
thyratron tubes responsive to voltage set-up
across the common resistor, solenoid-operated
switches connected to the oufput terminals of
said thyratron tubes operated by current flow
through said thyratron tubes, a reversible motor
operated by action of said switches, a load, and
a variable coupling device linked to and operated
by said motor for variably coupling said load to
said tuned eircuit. )

11. In combination, a vacuum tube high fre-
quency generator having a grid circuit, a plate
circuit and a tuned tank circuii, a resistive cir-
cuit operating to maintain substantially constant
grid direct current flow connected between the
grid and cathode of the tube, a load coupled to
said tank circuit, circuits to utilize the resultant
voltage drop derived from combining voltage




2,467,285

drops produced by the grid direct current flow
and the plate direct current flow to vary the
coupling between said tank circuit and said load,
the coupling being adjusted in such direction
as to maintain substantially constant the direct
current flow in the plate circuit of said vacuum
tube generator for maintaining constant the
power delivered to said load.

12. In combination, an electron discharge de-
vice oscillation generator, a resistance and a
source of plate potential connected in series be-
tween the plate and cathode terminals of said
generator, an adjustable resistance connected
In the grid circuit of the generator for adjusi-
ing the plate circuit input power to a desired
value, a device in the grid circuit for maintaining
the rectified grid current flow therein substan-
tially constant and at its adjusted value, a com-
mon resistor across which are impressed poten-
tials derived from D. C. current flow in the grid
and plate circuits of said generator, a pair of
grid-controlled glow discharge tubes having said
common resistor in the grid-cathode return cir-
cuits thereof, a load, a coupling device for cou-
pling said load to said generator, a reversible
motor for varying the coupling of said coupling
device, and instrumentalities responsive to the
flow of current in the plate circuits of said grid-
controlled glow tubes for causing said motor to
rotate in one direction or another when one of
said glow tubes is extinguished and the other
firing.

13, In a high frequency heating system, an
oscillation generator for heating a load whose
electrical characteristics are adapted to change
as it is heated over a period of time, said gener-
ator including a vacuum tube having a grid, a
cathode and a plate, individual impedances in the
grid-cathode and plate-cathode circuits of said
vacuum tube generator, a pair of gas tubes each
having a cathode, a grid and a plate, & common
cathode circuit for said gas tubes including a
common resistor, one of said impedances being
also included in the grid-cathode circuit of one
gas tube while the other of said impedances is
also included in the grid-cathode circuit of the
other gas tube, a pair of magnetic switches re-
spectively controlled by the plate circuits of said
gas tubes, a motor and a source of potential
therefor connected to said switches, the oper-
ation of said switches determining the direction
of rotation of said motor, a variable element con-
nected between said vacuum tube generator and
said load and controlled by said motor for chang-
ing the amount of power fed to said load, the
voltage drop developed across said impedances
determining in part at least the voltage drop
developed across said common resistor, the char-
acter of the voltage drop developed across said
common resistor determining which one of said
gas tubes fires, whereby the firing of only one
of said gas tubes will cause the operation of its
associated switch and the movement of said
motor in a direction to maintain constant power
output from said generator.

14. The combination, in an electronic oscil-
lation generator, including an electric discharge
device provided with a control grid, of a grid
current stabilizing circuit including a grid bias
resistance for said discharge device having such
temperature coefficient of resistance and having
such current carrying characteristics as to be
heated by a change in the grid current caused
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by a change in power output of the generator
in such sense as to change the bias on the con-
trol grid in a direction to reduce the change in
grid current.

15. The method of regulating the grid cur-
rent in the discharge device of an oscillation
generator caused by changes in load conditions,
which comprises utilizing any change in the grid
current to automatically vary the grid bias of
the discharge device in such sense and magni-
tude as to restore the grid current to a substan-
tially constant value.

16. In a high frequency heating system where-
in an electron discharge device generator delivers
Dower to a load through a variable reactor, said
generator having grid, cathode and plate elec-
trodes, the method of maintaining constant the
bower supplied to said load by said generator
despite changes in the electrical characteristics
of said load during operation of said generator,
which comprises maintaining constant the mag-
nitude of the flow of direct current in the grid
circuit, comparing the magnitude of the direct
current in the plate circuit with the direct cur-
rent in the grid circuit for a predetermined
amount of power delivered to said load, and
utilizing any changes in the difference between
said two direct currents caused by a change in
the load to automatically adjust said variable
reactor in such sense and degree as to cause 2
constant amount of power to be delivered to said
load.

JOHN E. YOUNG.
EDWARD MILLER.
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