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7 Claims,

Thls invention relates to voltage regulation,
and has, for is principal object, to provide a
power supply having an extremely constant volt-
age which will not be appreciably disturbed by
changes in load conditions or variations, of the
source,

Another object of the invention is to provide

regulation for a power supply which will com-
pensate for relatively rapid variations of the load
requirements or power source, as well as rela-
tively slow variations.

Still another object of the invention is to pro-
vide a regulating voltage network comprlsing a
thermionic’ tube for amplifying slight, changes in
voltage to effect control of the output voltage
with means to maintain maximum amplification
of said tube regardless of input voltage variation
or adjustment of the output voltage.

Another object of the invention is to provide

a regulated power supply with an extremely low

internal impedance.

8till another object of the invention is to pro-
vide a voltage regulation circuit comprising a gas
discharge ‘device with means. to operate sald
device so that it always has its substantially maxi-
mum regulating effect.

Another object of the invention is to provide

a voltage regulation network, including a pen- .

tode tube, with means to maintain a substantial-
- ly constant potential difference between the

screen and the cathode of the tube, while com- .

pensating action is provided by variations of the
control grid.

Another object of the invention is to provide a‘

regulated power supply with a wide voltage
"' range.
Another object of the invention is to provide
& voltage regulating circuit with an adjustable
range of output voltage in which the effective
reguiation is substantially constant over the out-
put voltage range.

Another object of the invention is to prov1de-

a regulated power supply with means to simul-
taneously vary the input voltage and the output
voltage in a predetermined manner.

Still another -object of the invention is to pro-
vide a regulated power supply with manually
operated means to adjust the input voltage and
additional manually operated means to adjust

the output voltage.

) Another. object of the invention is to provide
a regulated voltage supply comprising g plural-
ity of regulating networks connected in series or
parallel, or both, for providine several different
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voltages at the same time without the loads of
either affecting the others.

The invention has been illustrated in the ac-
companying drawings, in which: -

PFig."1 is a circuit diagram of one form of the
invention; -

Fig. 21s g diagram of a portion of the circult of
Fig. 1 showing a modified form of voltage regu-
lation device;

Fig. 3 is a diagram of an equlvalent circuit of

-& portion of the circuit of Fig. 1

Fig. 4 is a circuit diagram of a modified form

- of the circuit of Fig. 1;

Fig. 5 is a circuit diagram of still another
modified form of the circuit of Fig. 1; )

Fig. 6 i3 a circult diagram of a modified form
of the circuit of Fig. 1 showing the. simultaneous
input-dnd output voltage control; :

PFig. 7 is a circuit diagram of a form of the
invention adapted to permit several different
output voltages; and

Fig. 8 is a circuit diagram of modified form
of Fig. 6, arranged for a supply of negative volt-
age.

As will be understood, no power supply system’
can have zero internal impedance. Hence there’
must always exist across the terminals of the
power supply device under load conditions a
voltage which is somewhat less than the voltage
ch would exist for open circult or zero load.

f the load fluctuates, the terminal voltage will
fluctuate also. A power, supply system in which
the drop in voltage under load is excessive is
spoken - of as having poor, regulation: one in
which the drop is small is said to have good regu-
lation or to be “tight.”

‘For the purposes of this application, applicant
chooses the following definitions:

“Direct current” is considered to be a current

flowing always in the same direction and having,
over the entire period of time involved, the same
value.
" “Alternating current” is the current which is
left after the direct current component, as above
defined, is subtracted from the total current.
Alternating current has a constant frequency
only when its wave form is a mathematically pure
sine wave. Any deviation from this condition
may be shown to introduce frequencles other
than the original frequency.

From the foregoing it follows that when a pow-
er supply system is supplying an alternating cur-
rent load, the voltage at the terminals of the

"~ power supply fluctuates at the frequency drawn

by the load and by an amount depending upon
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the efiective internal impedance of the supply.
If the load draws current of a complex wave
form, which would be the case for an audio or
video frequency amplifier, the plate circuit of
which is the load being supplied, then the volt-
age at the terminals fluctuates in a complex wave
which cen be shown to contain all of the fre-
quencies sppearing in the load.

Referring now more specifically to the draw-
ings, the form of the regulated power supply
shown in Fig. 1 comprises the usual transformer

" §8, the primary of which may be connected to a
source of alternating current supply, as, for in-

stance, the sixty cycle lighting mains, while the

secondary is connected to the anodes of a full
wave rectifier #f. Following the usual prac-
tice, the mid-point of the secondary of the trans-
former mgy be connected to the neutral side of
the circuit, as represented by the wire 12, while

the cathode of the rectifier {1 may be connected -
to the choke {8 which is placed in the high po--

tential side of the circuit. - The usual poten-
tiometer resistance 1€ may be connected be-
tween the high voltage side of the circuit and

the neutral side, and in series with the choke .

i3 and the potentiometer resistance 4 I provide
& thermionic tube {8, the anode {6 of which may
be connected directly to the choke 3, while the
cathode {7 may be connected to the potentiometer

t€. This tube acts as a variable resistance in the :

circuit te automatically regulate the voltage out-
put. The output voltage is taken off between
the point {4a at the high potential end of the
potentiometer € and the neutral wire .12,

I preferably use a three element tube with an 3

independently hested cathode, although a tube
with & filamentery cathode may be used if
desired. ‘The heater for the cathode.lT has been
omitted in the drawing, and it will be understood
thaet separate filament windings on the trans-
former (8 will be provided for energizing this
heater and the heaters of other tubes in the
circuit, or & separate filament transformer may
be used for this purpose. The latter may be pre-
ferred as it provides s means to control the high
voltage supply independently of the filaments of
the tubes used in the circuit,

- A filter condenser {8 may be connected across
the high and low sides of the circuit between the

choke and tube {5, following ordinary practice. .

However, the regulating effect of the circuit is
such that no particular care need be taken in
filtering the voltage supply up to the tube {5, and
hence a single sixteen microfarad condenser has
been found to be sufiicient for this purpose.

A second thermionic tube 19 and a voltage
regulating device 20 may be connected in series
between the grid 2f of the tube.{§ and the neutral
wire -{2. The tube is preferably s pentode tube,
with the plate 22 being connected directly to the
grid 2{ of the tube 15, and the cathode 23 being
connected directly to one terminal of the regulat-
ing device 20, the other terminal of which is
connected to the wire {2. The plate potential
may be supplied through s resistance 22¢ from
the high side of the circuit. The suppressor grid
24 of the tube 19 may be connected directly to
the cathode. The screen grid 25 of the tube 18
may, be connected to a point 26 on the roten-
tiometer 14, which will-give it a suitable operat-
ing potential. The control grid 27 of the tube 189
may be connected through a resistance 28 to a
movable contact arm 29, which may be adjusted
along the potentiometer 14 to give the grid 27 a
potential slightly negative with respect to the
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cathode 23, which is given a potential by the
operating voltage of the regulating device,

A condenser 38 may also be connected between
the grid 27 and the high side of the line at the
cathode of the tube 5. The cathode 23 of the
tube {9 may also be connected through a resist-
ance 3{ to the high pofential end of the voten-
tiometer {4, to insure sufficient operating current
for the regulating device 20, Across the particu-
lar regulating device 28, used in Fig. 1, T prefer-
ably connect a condenser 382 for the purpose of

_insuring better regulation for alternating current
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components.

I have found that the action of any device in
regulsting the voltage depends on the favorable
ratio of its equivalent direct current resistance to
its incremental resistance. If the equivalent
direct current resistance is very high in com-
parison to the incremental resistance, & good
regulating effect will be obtained when the device
is connected in series with a large resistance.
The voltage drop across the device may be used as
a reference voltage in the control network. )

One device in which the above mentioned ratio
may be made high enough for good regulating
effects Is a gaseous discharge device in which a
pair of electrodes are arranged in spaced relation
immersed in an inert gas under reduced pressure.
Neon, argon, helium, krypton, and zenon might
be used in such a device with gas pressures some-
where around 10 millimeters of mercury, depend-
ing on the particular gas used and the positioning
and character of the electrodes. For such a
device I prefer to have a ratio over 300 for condi-
tions of stable operation. )

In Fig. 1 a gas discharge lamp has been used
for the regulating device 20. The condenser 32
across the lamp decreases the incremental resist-
ance between the terminals of the device and
therefore has the effect of improving the ratio.

Another device which might be used in place of
the device 26 in Fig. 1 for producing the desired
high ratio of equivalent direct current resistance
to incremental resistance is a high vacuum tube
in which the plate-cathode circuit has the desired
ratio. Such a voltage regulating device is illus-
trated in Fig. 2 where the triode 83, having an .
anode 33q, a grid 33b, and a cathode 83¢ may be
connected in the cathode circuit of the tube {9 in
place of the gas discharge device 26. A battery
34 is provided between the grid 83b and the
cathode 33c to maintain the grid at a fixed poten-
tial with respect to the cathode to insure zero
plate current up to a predetermined potential on

5 the plate.

In order to understand the operation of the
circuit of Fig. 1, the discharge lamp 20 and resist-
ance 31 may be considered as one arm of g bridge
circuit, the other arm of which is composed of
the potentiometer 14. This simple equivalent
circuit is shown for convenience in Fig. 3, where
it will be seen that the neutral points of the
circuit are the point 29 on the potentiometer and
the cathode 23 of the tube. This bridge circult
is so balanced that there is a certain normal pre-
determined potential difference between the
points’ 29 and 23 for a given voltage across the
bridge. It is desired to have a maximum of
unbalance for voltage changes. If the voltage
changes, the action of the regulating device upsets
the balance of the circuit with the result that the
potential difference between points 29 and 23
changes, and this means that the potential of the

" grid 2T will change with respect to the cathode

23. This change in potential is then amplified by
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the tube 19, and as the plate current of that tube
passes through the resistance 22a, the amplified
voltage variation will take place across this resist-
ance. The resistance 22a, however, is also be-
tween the cathode 17 and grid 21 of the tube 18,

and hence the piate cathode resistance of this

tube is varied, thus varying the potentia] across
- the entire circuit. . It will be seen that as the
voltage across the bridge rises there will be a rise
in the resistance of the tube 1§, s0 that the action
of this tube compensates for the original change
in voltage. This tends to maintain the voltage
constant across the entire circyit.
I have found that maximum regulating effect
of the circuit will be obtained when the follow-
ing equation is a maximum:

AE, R—1
AE,TE) - B |
R e ;2
where

AEg=the change in the potential of the grid of
the tube 19 with respect to the cathode.
AEt=the change in voltage -across the poten-

tiometer 14,

En=the direct current voltage across the regu-
lating device.

Et¢=the direct current voltage across the poten-
tiometer (4. o
R=the ratio of eflective direct current resistance

of the regulating device to incremental re-

sistance. .

It will be seen that as R is increased, the ratio
-of the change on the grid of the screen grid tube
to the total voltage change is also increased.

I have found that one method of unbalancing
the bridge circuit for changes is the use of the
condenser 30 and resistance 28. When the re-
sistance 28 is very large compared to the react-
ance of the condenser 30, for the frequency com-
ponents present in the voltage change, the grid a
will be effectively directly tied to the point l4a
for these frequencies.

In determining the respective sizes of the con-
denser and resistance consideration should of
course be given to the fact that the change in
grid voltage (AEg) should be as nearly in phase
with the total change (AE:) as possible. I prefer

to use a resistance of at least a half million ohms,

with which, for even relatively rapid variations,
the condenser can be relatively small. With only
-1 mfd. cohdenser and this resistance value, im-
proved regulation is insured for changes down to
at least one cycle per second.

. This grid leak and condenser arrangement en-
ables the circuit to effectively. compensate for
surges and other objectionable transients coming
in over the power lines. The internal impedance
(the impedance looking back into the output ter-
minals I4a and 12 of the circuit) is also greatly
reduced for alternating currents. .

The potential output of the system of Pig. 1
may be adjusted within certain limits by adjust-
ing the arm 29 on the potentiometer 14.

With the circuit of Fig. 1 the tube 8 will not
always operate with maximum amplification, and
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to improve this condition I may use the arrange- -

ment shown in Fig. 4. The same circuit as
-shown in Fig. 1 is used including the tube 19, and
in addition another tube, 35, is connected in par-
allel with the tube (9. This may be a pentode
tube with its cathode 36 connected directly to the
neutral wire 12 through a biasing resistance 31,
by-passed by a condenser 38. The anode 39 of
this tube may receive its operating potential
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through a resistance 49, which may be connected
to the high end l4a of the potentiometer | 4, and
the anode may be directly connected to the grid
21 of the tube {8 through a condenser 4. The

‘suppressor grid 42 of the tube 36 may be -con-

nected to the cathode as shown, while the screen
grid 43 may receive a suitable potential from a
point 44 on the potentiometer 14. The control
grid 45 of the tube 36 may be connected directly

to the high side of the potentiometer 14 through
a condenser 46, while a grid leak 41 may be in-
serted between the grid and the neutral wire 12.

When adjusting for low voltage output the grid
of the tube 19 may be backed off to such an ex-
tent that this tube is no longer an efficient ampli-
fier for voltage changes. It will be seen that the
grid "45 of the tube 35 receives its potential
changes through the condenser 46 from the high
side tda of the potentiometer (4. Therefore the
tube 86 is more effective than the tube (9 for
changes under these conditions. .

Another modified form of the arrangement of
Fig. 1 is shown in Fig. 5, in which the tubes i§-
and {9 are the same as in Fig. 1, but in place of
the potentiometer (4, I provide a variable re-

-sistance 48 connected to the high point (4a, and

a parallel circuit connected between the variable
resistance and the neutral wire 12. The parallel
circuit may comprise in one leg a voltage regu-
lating device, such as the gas discharge lamp 48,
In serfes with a resistance 50, and in the other
leg a resistance 5i.

The discharge lamp, together with the resist-
ance 48, preferably has the same voltage drop as
the upper part of the potentiometer 14 of Fig. 1,
from the point 29 to the point lda, so that the
peint 52 in Fig. 5 provides the grid 27 of the tube
19 with the same average potential as in the case
of Fig. 1. The screen grid 25 of the tube (9,
however, is given its potential from a point on
the resistance 5.

"In order to provide higher operating plate po-
tential for the tube 18 I connect the Plate of the
tube through a resistance 54a to the plate of the
tube 15 instead of to the cathode, as in the pre-
vious figures. Also the cathode of the tube (9 is
preferably connected through a resistance 48a to
the junction of the resistance 48 and the gas dis-
charge tube 49. :

In this arrangement the equivalent bridge cir-
cuit has the gas discharge lamp 20 and the cath-
ode-anode circuit of the tube 19 forming. one
arm. while the resistance 50, the gas discharge
lamp 48, and the resistance 48 forms the other
arm. The cathode and the grid of the tube. 19
form the neutral or balance points of the bridge.
When the poténtial across the bridge changes,
the two gas discharge lamps being diagonally -
opposite each other, will tend to upset the bal-
ance of the bridge in the same direction, so that
they will both tend to make the grid of the tube
19 more positive or ‘more negative, depending on
the change in potential across the bridge. The
gas device being Inherently a requisite for ex-
tremely slow variations, becoming less effective
at relatively rapid variations, therefore cooper-
ates with the condenser and resistance which is
increasingly effective for variations of higher fre-
quencies, to increase the regulation for any and
all variations regardless of their rapidity.

Two important advantages are obtained by the
variable resistance 48 which s used for adjusting
the output potential within certain predeter-
mined limits. It has already been stated that it
is important have g voltage regulating device with .
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2 high ratio of equivalent direct current re-
sistance to incremental resistance. However, in
many gas discharge devices this ratio wili change
with the voltage applied to the device, as the
operation takes place on a different portion of
the voltage-current characteristic curve. Thus
it may be possible to have a high ratio for one
part of the curve and a very low ratio for an-
other part of the curve. As the regulating ac-
tion of the discharge device is a function of this
ratio, poorer regulation will take place when
the voltage has been changed to shift the opera-
tion to the part of the curve having the lower
ratio.

I have found that with the adjusting ariange-
ment of Fig. 1, where the arm 28 adjusts the out-
put potential, the current through the gas dis-
charge lamp 20 is also changed, which changes

the ratio, with the result that the regulation of
the circuit is changed for different adjusted.

values of cutput potential. In the arrangement
of Fig. 5 this defect is overcome, because the ad-
justment of the resistance 48, for making the
adjustment of output potential, makes relatively
no change in the current through the gas dis-
charge lamps and therefore keeps the ratio con-
stant. 'This permits the adjustment of the cir-
cuit for different output potentials, within cer-
tain limits, without changing the regulation,
which remains substantially constant.

The other important fact which also insures
constancy of regulation through various adjust-
ments of the output potential, is that the circuit
provides substantially constant potentials for the
elements of the tube 18, In Fig. 1 adjustment
of the arm 29 toward the neutral end of the
potentiometer, to give the control grid a more
negative potential, will also give the screen grid a
more positive potential, because it is connected
to the same potentiometer, which tends to com-
pensate for the change in potential on the grid.

The grid, therefore, has to be inade more negative

by moving the arm 2§ still farther down on the
potentiometer. This change in the potential of
the screen grid with respect to-the cathode and
control grid changes the amplification factor of
the tube, and hence variations impressed on the
grid will not be amplified as much under one con-
dition as under another. Therefore the regulat-
ing ability of the circuit is different for different
adjustments of the output potential. In the eir-
cuit of Fig. 5, where the adjustment is made by
changing the resistance 48, the screen grid po-
tential remains substantially constant with re-
spect to the cathode, so that amplification of the
tube 19 is kept substantially constant and the
regulation is therefore substantially constant for
various adjustments of the output voltage.

The above two facts, acting together, give
greatly improved regulation over the circuit of
Fig. 1. The grid leak 53 and condenser 84 -act in
theé same way as the corresponding parts of Fig. 1
to make the circuit faithfully respond to surges
and other sudden changes of input voltage, as
well as load variations, which tend to reflect back
into the circuit. )

In certain cases, especially where low voltages
are required, I may substitute a resistance for
the regulating device 20 of Fig. 5 and depend on
the voltage regulation of the device 48.

‘ In some instances I may prefer to insert in
place of the resistance 5§ or the resistance 83a,
or both, the plate-cathode circuit of a screen grid
. tube or some kind of a ballast tube, such as 2
tube with an iron wire filament which has a ratio

2,318,844

of equivalent direct current resistance to incre-
mental resistance of less than unity. Either of
these devices will act opposite to the action of
the device 20 by still further unbalancing the
equivalent bridge circuit.

The resistance 58 or the screen grid tap on the
resistance 5!, may be varied to initially insure

" the grid 27 being negative with' respect. to its
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cathode, a condition which should always obtain.
In Fig. 6 T have shown & modification of the
invention which may have certain advanteges
over the circuits of the previous figures. A trans-
former 55 may be used as a source of high alter-
nating voltage. This transformer may have &
primary winding 58 which may be connected to
the source of alternating current power, and this
primary may be provided with a control device 51
for adjusting the voltage applied to the primary.
This control device may be any device suitable -
for this purpose, and it may be either incerporat-
ed in the primary winding of this transformer,
or provided as a separate unit in series with the
primary winding. As shown, an arm brovided
with a carbon contact is arranged to sweep across
certain of the primary turns, thus regulating the
number of turns in the primary coil. The carbon
contact is provided so that no turn of the primary
can be-completely short-circuited.
- Otherwise the transformer 55 may be the same
as the transformer {8 of Fig. 1, and may be pro-
vided with a similar rectifier tube 88, which may
feed the high voltage rectified current into the
choke 59, which may be similar to the choke of
Pig. 1. The mid-point of the high voltage sec-
ondary 83 of the transformer may be connected
to ground, as indicated, and to the wire 8{, form-
ing the neutral wire of the system. )
A contrel tube 62 may be conunected in serles
with the potentiometer system 68, the anode 64
of the tube 62 being connected to the choke, while

“the cathode 65 is connected to the'point 66 on the

high voltage side of the potentiometer. The other
end of the potentiometer is connected to the neu-
tral wire §4. A filter condenser 87 may be con-
nected across the system between the choke 88
and the neutral wire 84, for the same purpose as
the condenser 18 of Fig. 1, to filler out extreme
variations in the voltage supply. .

Also in this modified form I provide a tube 68,
which may be similar to the tube {9 of Fig. 1, and
connect it in the same way, with the anode 89
connected directly to the grid 79 of the tube 88,
and the cathode 7 connected through g gas dis-
charge tube 12 to the neutral wire §f. A con-
denser 73 may be connected across the gas gdis-
charge lamp 72. The operating potential for the
anode 69 -in this case, similar to Fig. 3, may be
provided directly from the choke 58 through & re-
sistance 74. 'The screen grid 75 may be connect-
ed to g point 76 on the potentiometer 63 to pro-
vide it with a suitable potential, and the control
grid 77 may be given its suitable potential through
a resistance 78 at the point 75 on the potentiom-
eter 63. A condenser 80 may also be used to con-
nect the grid 77 directly to the point 66 at the
high side of the potentiometer. ’

Similar to the arrangement of Fig. 5, T use a -
variable resistance 8{ for the upper end of the
potentiometer and connect the cathode 7§ to the
point 82 between that resistance and the poten-
tiometer through a resistance 83. The variable

“resistance 81 Is used, as in Fig. 5, for adjusting

the output voltage of the system.
With the srrangement showmr-in Fig. 6 I have
many of the gdvantages eg:plainéd in connection



with Fig. 5. In fact the circult of Fig. 5 could be
substituted for the right hand side of Fig. 6,
where good regulation for slow change is desired.

I have found that if I couple the control of
the resistance 81 with  the control 57 of the input
voltage, as indicated by the dotted line 84, I am
able to produce a wide range of voltage output
for the particuldr circuit arrangement.

It can be appreciated that the output voltage
can be adjusted only within certain limits by the
adjustment of the variable resistance 81. These
limits are chiefly determined by the allowable
plate dissipation of the tube 62 and the voltage
between its cathode 65 and the cathode 11 of the
tube 68, which is the voltage available for nega-
tively biasing the grid 70 of the tube 62. It will

be seen, therefore, that the voltage of the point-

€8 cannot be lowered beyond a certain value for a

.glven voltage on the plate 84. If it is desired to
lower it still further, this may be accomplished
by lowering the voltage on the plate 64, which I
may conveniently do by including more turns in
the primary 56 of the transformer 55, or the
equivalent. I have found that by suitable design
of the variable resistance 81 and the adjustable
device at the primary 56, I can make these units
track, so that the direct current voltage on the
plate 64 is always at such a value that the desired
output voltage is within the limit of automatic
regulation of the circuit.

In some cases it may be desirable to have a'

regulated voltage supply which will provide sev-
eral different voltages, ranging say, from 80 to
~300 volts. In order to provide several points at
which the different voltages may be taken off, I
may use the circuit arrangement of Fig. 7 which
may have the power supply transformer and rec-

tifler the same as is shown for Fig. 1 or 6, al- .

though these have not been shown in Fig, 7.
The transformer, of course, should be designed to

2,318,644
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have & high voltage output in excess of 300 volts. .

With this arrangement I may provide three sep-
arate circuits similar to the regulating circuit of
Fig. 6. .

The circuit indicated at 85 may be exactly the
same as the regulating circuit of Fig. 6, without
the primary adjustment feature, and may be

" connected to the output side of the filter choke 86,
there being a filter condenser 81 connected be-
tween this point and ground, the arrangement be-

"ing similar to the arrangement of the choke and
filter of the previous figures. The circuit 85 may
have its neutral side 88 connected to ground, and
the various components may be so chosen that a
maximum voltage of 300 volts may be provided
at the point 89, which is the high side of that
particular circuit.

The circuit 90 may also be exactly similar to
the circuit 85, and may be connected to the same
side of the choke 88, This circuit may have its
components so chosen that a potential of about
200 volts will be found at the tap 91, which is
connected to the high side of the circuit 90.

The circuit 92 may also be exactly the same

50

5

desirable combination of circuits may be used in
this manner for producing different potentials,
and the range may be still further increased by
using the variable input arrangement as shown
in Pig. 6.

. Wherever the voltage regulating devices are
used in the circuits it will be understood that two
or more may be connected in series if a greater
voltage drop across the device 1s desired. I have
discovereéd that connecting such circuits in series
has the result of decreasing the internal resist-
ance.

If it is desired to obtain a regulated supply

“of negative voltage, any one of the circuits may

be used, with the choke inserted in the lead to
the mid point of the high voltage winding of the
transformer, instead of the location shown, and
with the positive side of the output connected to
ground instead of the low side. The arrangement
i3 indicated in Pig. 8, which shows the circuit of
Fig. 6 arranged for a negative supply.

Under certain conditions I have found it de-
sirable to provide a variable resistance at the
lower end of the potentiometer which may be
used for adjusting the voltage. Such a resistance,
indicated at 19a in Fig. 6, may preferably be used
in place-of the variable contact 19 to initially
adjust the grid of the tube 88 to insure its being
negative with respect to the cathode.

.Varlous combinations of the circuit arrange-
ments shown in the different figures may be made
to obtain certain results, as desired. The circuit
of Fig. 5 is particularly advantageous for hold-
ing a constant voltage output for slow variations -

"In the voltage of the alternating current source.

From the above description it will be seen that
I have provided a regulating system for g voltage
supply circuit which may be adjusted to supply
various potentials, and which, when so adjusted,
will produce an extremely constant potential
which cannot appreciably change by line voltage
variation or surges, or variation of the load con-
ditions. In all of the figures the arrangement
permits less attention to the ordinary power sup-

ply filter circuit, so that a cheap fliter circuit

may be used. I have found that when properly
adjusted, the regulating circuits shown in Figs. 5,
6 and 7 may be made to have an internal resist-
ance of less than one ohm.

Having thus described my invention, what I
desire to secure by Letters Patent and claim is:

1. A voltage regulating system comprising, in

- combination, a rectified supply circuit, an elec-
- tronic relay having a cathode, an anode, and a

60

as the two circuits 85 and 90, but may be con- .

nected to the tap 91 of the circuit 90 through a
resistance 93, a condenser 94 being connected be-
tween the output side of this resistance and
ground. This circuit 92 may also be provided
with a tap 95 from which a potential of 80 volts
may be obtained by suitably choosing the com-
ponents of the circuit.

. In the arrangement shown the two circuits 85
and 80 are in parallel with each other, while the
- circuit 92 is in series with the circuit 90. Any
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control electrode, and having a variable resist-
ance space path connected in series in the cur-
rent supply path, means for controlling the re-
sistance of said path in & manner to maintain
8 substantfally constant output voltage, said -
means comprising a circuit having a pair of
branches across sald supply circuit, one branch
having therein a portion having different im-
pedances for direct and alternating current, the
other branch having in parallel with a portion
thereof, a resistance and condenser in series, the
values of said resistance and condenser being
such that the impedance of said condenser is low
relative to said resistance at low frequenciés, a
second electronic relay having a cathode, an
anode and a control electrode, said cathode be-
ing connected to an intermediate point in the first
branch, and the control electrode being con-
nected between said resistance and condenser. in
said second branch, and a connection between
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sald anode and the control electrode of the fifst
reiay.

2. ‘The combination clalmed in claim 1, having

g resistance in series between the junction of said

branches and the cathode of the first said relay.

3. The ecombination claimed in claim 1, and

having a variable resistance in series between the

junction of said branches and the cathode of the

first sald relay, whereby variation of said vari-

* able resistance varies the output voltage with-

<t
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out substantially varying the voltage across sald

branches.

4, A voltage regulating system comprising, in
combination, & rectified supply circuit, an elec-
tronic relay having a cathode, an anode, and &
control electrode, and having a variable resist-
ance space path connected in series in the cur-
rent. supply path, means for controlling the re-
sistance of said path in & manner to maintain a
substantially constant output voltage, sald means
comprising a circuit having a pair of branches
across said supply circuit, one branch having
therein g portion having different impedances
for direct and alternating current, a second elec-
tronic relay having a cathode, an anode, and 2
control electrode, said cathode being connected to
a point in one branch, and said control electrode
being connected to a point in the other branch,
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means for supplying changes of voltage from said -

anode to the control electrode of the first relay,
a resistance in series between the junction °of
said branches and the cathode of the said fArst
relay ,and means for verying said resistance, to
vary the output voltage while maintsining a stib=
stantially constant voltage across said branches.

5. A vyoltage revulating system comprising, in
combination, a supply circuit including e trans-
former and 8 rectifier connected to the secondary
of said transformer, an electronic relay having a
cathode, an anode, and & control electrode, and
having a variable resistance space path con-
nected  in series in the cutput current supply

path, means for controlling the resistance of said .

psth in & manner to meinfain a substanilally
constant output voltage, said means comprising
a circult having a pair of branches across sald
supply circuit, one branch having therein & por-
tion heving different impedance for direct and
alternating current, a second electronic relay
having & cathode, an anode, and a control elec-
trode, sald cathode being connected tc a point
in one branch and ssid control electrocde being
connected to o point in the other branch, means
for supplying changes of voliage {rom said anode
to the control electrode of the first relay, @ resist-
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ance in series between the junction of said
branches and the cathode of the sald first relay,
means for varying said resistance, means for
varying the effective turns ratio of said trans-
former, and a single means for operating both
said last mentioned means simultaneously.

6. A voltage regulating system comprising, in
combination, & rectified supply circuit, an elec-
tronic relay having a cathode, an anode and a
control electrode, and having a variable resist-
ance space path connected in series in the cur-
rent supply path, means for controlling the re-
sistance of said path in a manner to maintain
a substantially constant output voltage, said
means comprising a circuit having a peair of
branches across said supply circuit, one branch
having therein a portion having different in-
cremental and direct current resistances, the
other branch having therein a portion having -
different incremental and direct current resist-"
ances, & second electronic relay having a cathode,
an anode and a contro! electrode, said cathode
being connected to a point on one of said branches
and the control electrocde being connected to &
point on the other branch, and means for sup-
plying changes of voltage from the anode of said
second electronic relay to the control electrode of
the frst relay.

7. A voltage regulating system comprising, in

‘combination, a rectified supply circuit, an elec-
" tronic relay having a cathode, an anode and a

control elecirode, and having a variable resist-
ance space path connected in series in the cur-
rent supply path, means for controlling the re-
sistance of said path in a manner to maintain g
substantially constant output voltage, said means
comprising a circuit having a pair of branches
across said supply circuit, one branch having
therein a portion having different incremental
and direct current resistances, the other branch

- having therein a portion having different incre-
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mental and- direct current resistances, and in-
cluding in parallel with & portion thereof a re-
sistance and condenser in series, the value of said
resistance and condenser being such that the im-
pedance of said condenser is low relative to said
resistance at low frequencies, a second electronic
relay having a cathode, an ancde and a control
electrode, said cathode being connected to & point
on one of said branches and the control electrode
being connected to & point on the other branch,
and mesns for supplying changes of voltage from
the anode of said second electronic relay to the
control electrode of the frst relay.
ERNEST A. TUBBS.



