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This invention relates to improvements in electrical
power supply systems, and particularly to power supply
systems utilizing gas filled electron tubes.

In electrical apparatus requiring unidirectional operat-
ing voltage, it is customary to provide a so-called power
supply system for converting alternating voltage from a
commercial outlet to unidirectional voltage.

Frequently, the operating characteristics of a given elec-
trical apparatus require that the unidirectional operating
voltage supplied thereto be kept relatively constant, or
“regulated,” notwithstanding changes in the source voli-
age or in the load on the power supply. Regulated power
supplies frequently include a grid-controlled vacuum tube
connected between the power supply rectifier and the
load, with the impedance of the tube being varied in
accordance with the voltage furnished to the load.

Regulated .power supplies of this type have -definite
disadvantages. Since vacuum tubes inherently are rela-
tively high impedance devices, they cannot pass large
amounts of current to the load without substantial volt-
age losses. Even for a load requiring only, say, 100 milli-
amperes of current, it is not unusual to find as many as
four large triode tubes connected in parallel in a regu-
lating system.

Furthermore, a grid-controlled vacuum tube has char-
acteristics that make it unsuitable for use as a rectifier.
Therefore, conventional regulated power supply systems
ordinarily have separate rectifier and regulating tubes.

All of the above mentioned deficiencies of prior art
regulated power supply systems add to the complexity,
cost, size and weight thereof.

It is a general object of the present invention to provide
a power supply system having relatively high current
handling capability, good regulating characteristics, and
unusual operating efficiency.

A further object of the invention is to provide a system
for supplying regulated unidirectional voltage to a load
from a variable voltage source with a minimum of voltage
loss.

Another object of the invention is to provide a power
supply system wherein the functions of alternating volt-
age rectification and unidirectional voltage regulation are
accomplished simultaneously.

In accordance with the invention, the foregoing and
other related objects and advantages are obtained in a
system utilizing a gaseous electron tube either as a vari-
able impedance element or as a combined variable imped-
ance element and rectifier. The gaseous electron tube
utilized in accordance with the invention is of the type
wherein separate potentials are used to provide the ioni-
zation needed for space charge neutralization and to pro-
vide the field needed for drawing current through the
ionized gas. As will be pointed out more fully herein-
after, a system of this type can handle unusually large
amounts of current and with very low voltage loss.

A more complete understanding ‘of the invention can
be had by reference to the following descriptions of illus-
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trative embodiments thereof, when considered in connec-
tion with the ‘accompanying drawing, wherein:

Fig. 1 is a schematic diagram of a power supply system
having a regulator embodying the present invention,

Fig. 2 is a sectional view of a gas filled electron tube
such as may be used in the circuit of Fig, 1,

Fig. 3 illustrates a combined regulator and rectifier
arranged in accordance with the invention, and

Fig. 4 illustrates a modified arrangement of a regulator
embodying the principles of the invention.

Referring to the drawing, there is shown in Fig. 1
& power supply system having a regulator arranged in
accordance with the present invention. The power supply
of Fig. 1 includes a rectifying network 10 for converting
alternating voltage, applied to the input terminals 12
thereof, into unidirectional voltage at a second pair of
terminals 14a, 14b. The primary winding 16 of a trans-
former 18 is connected to the terminals 12, and a recti-
fier tube 20 is connected in series with a storage capacitor
22 across the secondary winding 24 of the transformer 18,

The rectifying network 10 is conventional in form.
When alternating voltage is applied to the terminals 12,
the rectifier 20 will conduct current on alternate half
cycles, developing a unidirectional voltage of polarity
as indicated across the capacitor 22. If desired, a filter
choke 23 can be connected between the rectifier tube 20
and .the positive output terminal 14q of the rectifying
network.

If a load device were to be connected across the ter-
minals 14, 14b, it is possible that the voltage at these

_ terminals might vary, due either to a change in the input
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voltage or to a change in the load. In order to compen-
sate for such changes in accordance with the invention,
a. gaseous electron tube 26 has its anode 28 connected to
the positive terminal 14a, and its principal cathode 30
connected to the output terminal 32q. Thus, the space
path between the electrodes 28, 30 of the tube 26 is in
series between the terminals 14a and 324.

The gas tube 26 of Fig. 1 also is provided with an
auxiliary cathode 34 from which current can flow either
to the main cathode 30, or to the anode 28, or both.
This current from the auxiliary cathode 34 is relied on
to jonize the gas in the tube 26, and will be referred to
hereinafter as the ionizing current. The ionizing current
circuit is completed by connecting the auxiliary cathode
34 to the negative terminal 145 through a current limit-
ing resistor 36.

The structural details of a typical tube such as the
tube 26 are given hereinafter. A tube of this type is
described more fully and claimed in the copending appli-
cation of the present inventor, Serial No. 185,745, filed
September 20, 1950, and assigned to the assignee of the
present invention.

In the embodiment of the invention presently being
described, the voltage supplied to the output terminal 324
from the positive terminal 14a of the voltage source 10
is regulated by varying the- impedance (and, hence, the
voltage drop) between the anode 28 and the main cath-
ode 30 in the tube 26. This impedance can be regulated
by applying a suitable control voltage to a control elec-
trode 38 disposed between the anode 28 and the main
cathode 30. One suitable source of such control voltage
may comprise a potentiometer 40 connected between the
output terminals 324, 325, and having a movable tap 42
which is connected to the control electrode 38 in the
tube 26.

As is explained in the above-mentioned copending ap-
plication, if the function of ionizing the gas in a gas
filled electron tube is separated from the fanction of
passing work circuit current between the main tube elec-
trodes, it bscomes possible to control the work cireuit
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current in a number of different ways, one of which by

means of the control €lectrode 38.

Consider, for example, the tube shown in cross section

Fig. 2. In Fig. 2, a gas tight.envelope 26 is provided
with a cathode 36. A U-shaped control.electrode.or grid
38 and a U-shaped anode 28 partially surreund ithe
cathode 3¢, The grid 38 comprises a plurality .of paraliel
wires .39 which are.supported .in spaced relation. The
anode 28 may be a sheet metal:element. )

Opposite the .open ends .of the grid .38 aad :the anode
28 there is mounted a cylindrical focusiug electrode 23
provided with an elongated slet 25 facing the .open ends
of the grid and anode structures. An auxiliary cathede
34 is mounted coaxially within the focusing, electrode 23.

A tube having a structure such as that shown in Fig. 2
can be operated.as follows:

_If a wvoltage ‘greater than that requn'ed to ionize gas
in the tube 26, is applied between the auxiliary cathede
34 and the anode 28, a current will flow which will ionize
the gas in the tube. ~As a result, a highly conductive mix-
ture or “plasma” of jons and electrons will be created
within the tube envelope. The focusing -electrode 23 is
effective to .concentrate ‘the ionizing current, making it
possible to obtain high plasma densities with very -small
amounts of current or power. With the tube .gas ionized
to create plasma in the manner just described, it becomes
possible to pass a relatively high current between the
main cathode and the main -anode with a voltage -drop
which may be of the order of 0.1 volt-or less. Further-
more, it also becomes possible to control this:main cath-
ode-anode current by means of a control electrode disposed
in the space path as shown.

With a tube of this type connected in a power supply
system in the manner shown in Fig. 1, certain important
advantages can be obtained. First, as compared with -a
voltage regulating system wherein a conventional vacuum
tube is utilized as a variable impedance element, the volt-
age loss across the regulatory impedance will be very
small. Furthermore, currents far in excess of those which
can be passed through a conventional vacuum tube will
flow readily through. the conducting plasma in the .gas
tube, so that the current handling capabilities of the power
supply system need not be limited by the inclusion of the
regulator.

The system shown:in Fig. 1 wﬂl operate in the following

manner:

Assume that the voltage between the terminals 14a, 14b

tends to increase. This, in turn, will cause an .increase
in the voltage across the potentiometer 49, as measured
at the main cathode 30 of the gas tube 26.  The wvoltage
also will increase .at the control electrode 38. However,
since the voltage at the main cathode 30 will increase
more than the control electrode voltage, the net -effect
will be to make the control electrode 38 more negative
with respect to the cathode 30. As a result, there will
be an increase in the effective impedance ‘between ‘the
main cathode 30 and the anode 28, accompanied by an
increase in the voltage drop ‘between ihese -electrodes
28, 30. This increase in voltage drop ‘will ‘tend to.offset
the original voltage change at the terminals 14a, 145,
and will tend to maintajn the voltage between the output
terminals 324, 32b essentially constant.
It has been found that changes in the ionizing current
in a tube of the type shown in Figs. 1 and 2 will cause a
" corresponding change- in 'the work circuit current. In
the case of the regulating arrangement -shown in Fig. 1,
this change will be -opposed to the desired regulatory
action. That is, if the voltage between the auxiliary
cathode 34 and the main electrodes 28, 30 were to in-
crease, as in the example just given, a greater amount
of jonizing current would flow, reducing the effective
impedance between the anode 28 and the main cathode
38. 'This would tend to offset the regulatory effect of
the previously described change in control électrode volt-
age. Tf, in a given case, the effect ‘of ioniZing current
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changes cannot be tolerated, the arrangement shown in

Fig. 3 can be adopted, wherein two expedients are shown

for improving the regulating action. Fig. 3 also illus-
trates a further important feature of the invention; namely,
the combination of recmyng and regulatory action.

In the system shown in Fig. 3, the rectifying network
19 of Fig. 1 has been eliniinated. The tube anode 28 is
connected directly to one terminal 24a of the transformer
secondary winding 24, while the main cathode ‘30 is con-
nected to the other sscondary winding terminal 24b
through the capacitor 22, Thus, the work circuit -of the
gas tube 26 will supply rectified current to charge the
capacitor 22.

The voltage acress the capacitor 22 in Fig. 3 will be
regulated by a control voltage applied to the control
electrode 38 from an amplifying circuit. This amplifying
circuit includes & resistor 44 connected in series with a
conventional amplifier 46 across the capacitor 22.. A
control voltage for the amplifier tube “wil] be :obtained
from a potentiometer 4% which is connected :in series
with a conventional gas regulator tube 48 across-the ca-
pacitor 22. . The auxxhary cathode 34 of the ;gas tube
246 is connected through a current limiting resistor 36 ito
the junction of the regulator 48-and the potentiometer :40.

The regulatory acticn of the tube 26 in the circuit.of
Fig. 3 will be superior to that obtained with the system
shown in Fig. 1 for two reasons. First, the regulator
tube 48 will help to maintain substantially constant-volt-
age and, hence, substantially constant jonizing current
between the auxiliary cathode 34 and the main electrodes
28, 39, This will tend to prevent the adverse effect of
ionizing current changes previously referred to. Second,
an amplified control voltage wiil be applied-to the control
electrode 38. This amplified control voltage will aid in
offsefting any adverss effect due to changes in the ionizing
current.

Suppose, for example, that the voltage at-the secondary
winding terminals 24a, 24} increases. The voltage across
the potentiometer 48 also will increase, causing the-ampli-
fier tube 46 to draw more current. This will increase the
voltage drop across the resistor 44, making the -gas ‘tube
control electrode 38 more negative with respect to the
main cathode 3§. Thereupon, the effective :impedance
between the gas tube anode 28 and the main cathode 30
will increase, offsetting the effect of the original ’voltage
increase.

The circnits thus far described will provxde regulatory
compensation for voltage changes of ‘several volts, -and
with a voltage loss in the regulator tube of no more than,
say, 0.1 volt at the lowest source voltage. -Also, -¢ur-
rents of .as much as one ampere can be handled readily
in systems of the type described. However, the voltage
between the gas tube anode 28 and the main cathode 30
should not exceed the 1omzmg potential of the. tilbe gas.
If this ionizing potential is exceeded, then an ionizing
discharge may occur between the main cathode and the
ancde, and grid centrol of the work c¢ircuit -current ‘will
be lost. If it.is anticipated that the voltage may-change
by :an amount greater than the ionizing potential of the
tube gas, the main electrodes of two or more ‘gas tubes
can be connected in series between the voltage'source -and
the load to insure that the voltage between the main ‘tibe
electrodes of any one of the tubes will not exceed the
ionizing potential of the gas. :

Such an -arrangement is shown in Fig. 4, wherein ‘the
anode .28 of a first gaseous electron tube 2§ is connected
to an input terminal T1, corresponding either to the ter-
minal 14a of Fig. 1 or to the terminal 24a of Fig. 3.
The cathade 368 of this first tube 26 .is connected to the
anade 50 of a second gas discharge tube 52. - The cath-
ode 54 of the second tube 52 is connected to the -oufput
terminal 324, and the control electrodes 38, 56 .of the
tubes 26, 52 are connected to adjustable taps 42, 43 on a
potentiometer 40. The auxiliary cathodes 34, 58 of the
gas tubes 26, 52 are connected through current hmltmg
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resistors 36, 60 to the junction between a regulator tube
48 and a resistor 62 which are in series across the poten-
tiometer 40. Although not shown, an amplifier such as
the amplifier 46 of Fig. 3 can be used in the circuit of
Fig, 4.

In the circuit of Fig. 4, the regulating action of each
of the tubes 26, 52 will be substantially the same as has
already been described in connection with Figs. 1 and 3.
The principal difference is in the fact that the voltage drop
between the input terminal T1 and the output terminal
32a will be divided substantially equally between the two
tubes 26, 50, making it possible to have a wider range of
output voltage regulation but without adversely affecting
the gas tube operation.

From the foregoing, it will be apparent that the present
invention provides a regulating arrangement for power
supply systems characterized by low voltage losses, high
current handling capabilities, and excellent control char-
acteristics.

What is claimed is:

1. In a system for converting alternating voltage to
regulated unidirectional voltage wherein a gas tube hav-
ing a plurality of electrodes is used as a variable resist-
ance, an alternating voltage source, an impedance, a cir-
cuit connecting said impedance to said voltage source
through the space path between a first pair of said elec-
trodes, a control electrode between said first pair of said
electrodes, a second circuit connecting said voltage source
in series with the space path between a second pair of
said electrodes, and a feedback circuit connected between
said impedance and said control electrode to supply con-
tinuously between said control electrode and one of said
first pair of said electrodes a voltage proportional to the
voltage across said impedance, one of said electrodes
being common to said first and second pairs of said elec-
trodes.

2. In a voltage regulator system wherein a gas tube
having a plurality of electrodes is used as a variable im-
pedance, a voltage source, a load device, a circuit con-
necting said load device to said voltage source through
the space path between a first pair of said electrodes, a
second circuit connecting said voltage source between a
second pair of said electrodes to generate a conductive
ion-electron plasma in said tube in the area between said
first pair of said electrodes, and means to control the
voltage drop between said first pair of said electrodes con-
tinuously as a function of the voltage across said load
device, said means including a voltage-feedback circuit
connecting one of said first pair of said electrodes to
another of said tube electrodes, one of said electrodes
being common to said first and said second pairs of said
clectrodes.

3. In a system for supplying regulated unidirectional
voltage wherein a gas tube having a plurality of elec-
trodes is used as a variable resistance, a voltage source,
an impedance, a circuit connecting said impedance to
said voltage source through the space path between a first
pair of said electrodes, a control electrode between said
first pair of said electrodes, a second circuit connecting
said voltage source across the space path between a sec-
ond pair of said electrodes, and a feed-back circuit con-
nected between said impedance and said control electrode
to supply continuously between said control electrode
and one of said first pair of said electrodes a voltage
proportional to the voltage across said impedance, one of
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said electrodes being common to said first and said second
pairs of said electrodes,

4. In a system for supplying regulated unidirectional
voltage wherein a gas tube having a plurality of elec-
trodes is used as a variable resistance, a pair of input
terminals, a pair of output terminals, a circuit connecting
one of said input terminals to one of said output termi-
nals through the space path between a first pair of said
electrodes, a connection between the other of said input
and output terminals, a second circuit connecting said
input terminals through the space bath between a second
pair of said electrodes, and a feedback circuit connected
between said one output terminal and said control elec-
trode to supply continuously between said control elec-
trode and one of said first pair of said electrodes a voltage
proportional to the voltage across said output terminals,
cne of said electrodes being common to said first and
said second pairs of said electrodes.

5. In a system for supplying regulated unidirectional
voltage wherein a gaseous electron tube having a plu-
rality of electrodes including an anode, a main cathode,
and an auxiliary cathode is used as a variable resistance,
a pair of input terminals, a pair of output terminals, a
circuit connecting one of said input terminals to one of
said output terminals through the space path between
said anode and said main cathode, a connection between
the other of said input and output terminals, means con-
necting said one output terminal to one of said electrodes
to control the voltage between said one electrode and
said main cathode continuously as a function of the volt-
age between said output terminals, and means connecting
said main and auxiliary cathodes to maintain substantially
constant voltage between said main and auxiliary cath-
odes.

6. A system as defined in claim 5 wherein said last
named means comprises a gas regulator tube and a resis-
tor connected in series between said output electrodes.

7. A system as defined in claim 5 wherein said first
named means comprises a potentiometer connected in
circuit between said output terminals, and a grid-con-
trolled amplifier connecting said potentiometer to said one
electrode.

8. In a voltage regulator system wherein a gas tube
having a plurality of electrodes is used as a variable re-
sistance, a voltage source, a load device, a circuit con-
necting said load device to said voltage source through
the space path between a first pair of said electrodes, a
second circuit connecting said voltage source between a
second pair of said electrodes to generate a conductive
ion-electron plasma in said tube in the area between said
first pair of said electrodes, and means to control the
voltage drop between said first pair of said electrodes
continuously as a function of the voltage across said load
device, said means including a voltage-feedback circuit
connecting one of said first pair of said electrodes to said
second circuit, one of said electrodes being common to
said first and said second pairs of said electrodes.
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