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The present invention relates to an electronic
voltage regulator, and more particularly to an
electronic voltage regulator utilizing a constant
voltage drop across the plate load resistance of
a, pentode to effect substantially exact transier-
ence of residual error voltages as excitation ac-
tuating corrective action.

1 the known art electronic voltage regulators
depend on the variable plate resistance of a cur-
rent regulating tube interposed between the posi-
tive energizing terminal of a power source and
the positive output terminal of the regulator, the
control-grid voltage of the current regulating
tube beine suitably actuated by variable plate
current of an auxiliary control tube in response
to excitation derived by sampling the regulated
voltage delivered to the voltage regulator load.

Three general methods have been proposed 1o
provide effective excitation of the control-grid of
5, control tube, all three methods requiring that
the cathode potential of the control tube be held
substantially positive in relation fo the notential
of the voliage regulator negative output termi-~
nal 'The first method then shunts & resistance
network across the vositive and negaftive output
terminals and obtains control-grid excitation of
the control tube by potentiometer means, only a
portion of the error vecltage veing available to
impose corrective action within the voltage regu-
lating array. The second meunod connects the
anode of a gaseous discharge tube to the regu-
1ator posifive output terminal and cempletes en-
ergization of said gaseous discharge tube by con-
necting the cathede thereot through a voltage
dropping resistor to the regulator negative ouu-
put terminal, the control-grid of the control tube
heing excited by connection to the cathode of the
gaseous discharge tue, Vhile the second meth-
od transfers the full value of error voltage as €X-
citation to the control-grid of the control tube,
this second method suffers by alse including ran-
dom voliages criginating in the gaseous discharge
tube which are then amplified, thus limiting the
availability of corrective action. The third
method utilizes a complex network including a
easeous discharge tube, a filtering section and an
aquxiliary triode section %o establish 2 stable
voltage above ground potential at the cathode of
o first control triode section, the auxiliary triode
saotion and the control triode section being con-
toined in a twin triode tube having & cathode
common to both triode sections. The third meth-
od then utilizes potentiometer means shunted
~ across the positive and negative gutput terminals

of the array to obtain control-grid excitavion of
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the first control tube. While the third method
substantially overcomes the adverse effects of
random voliages originating in the gaseous dis-
charge tube, here again only a portion of the
error voltage is made available for initiating cor-
rective action.

The major object of the present invention is to

provide an electronic voltage regulator in which

the disadvantaces above referred to are substan-
tially avoided. | |

Another object of the present invention is to
provide two regulated voltages derived from a
common power source and, in a direct-coupled
sweep generator and associated direct current
gmplifier, essential; firstly, to generation of a
linear sweep voltage and, secondly, to conversion
of the generated sweep voltage to full-wave rela-
tions symmetrical with respect to a conversion
midpoint potential, the conversion midpoin{ po-
tential being required to maintain a substan-
tially constant value.

A further object of the present invention is to
provide a ballast regulator capable of maintain-
ing a constant potential at a particular electri-
cal point in an interlocking amplifier as ampli-
fier energizing current through that particular
electrical point varies in cancellation of ampli-
fier phase-shift.

According to the present invention and in addi-
tion to the gasecus discharge tube, filter section
and auxiliary triode citeq above, there is pro-
vided an exciter and fransfer pentode so ar-
ranced as to effect substantially exact transfer-
ence of residual voltage-regulated error voltages
to the control-grid of a comparator tube, thereby
actuating optimum corrective action within the
voltage regulating array.

Before proceeding to a detailed description of
the present invention let it first particularly be
noted that with the control-grid, sereen-grid and
suppressor-grid potentials of a pentode held
constant each with respect to cathode potential,

the plate current, or anode current, of a pen-

tode is substantially independent of plale voltage.
Accordingly, the voltage drop across a plate load
resistor related to a pentcde so operating is sub-
stantially constant, and changes in potential cc-
curring at the positive terminal of plate supply
voltage are transferred to the pentode plate with
substantial exactness and without introducing

loss of transit time. Electronic tubes capable of so

operating particularly include types 68J7, 128J%,
6SH7 and 12S5HT.

Gther and further objects of this invention
wiil be understood from the specification herein-
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after following by reference to the accompanying
drawings in which:

Fig. 1 is a schematic circuit diagram of a volt-
age regulator having a basic regulating array in-
corporating an exciter pentode, opticnally capable
of operation with either the positive or negstive
voltage regulator output terminal connected to
ground potential, and further capable of ener-
gization; firstly, by an independent power source,
secondly, in parallel as one of a plurality of volt-
age regulating arrays and, thirdly, as the low
potential section of a plurality of voltage regu-

lating arrays energized in series-connected cas~
cade.

Fig. 2 is a schematic circuit diagram of a volt~ I

age regulator, combining in one unit the basic
means of Fig. 1 establishing reference voltages
and the means limiting the plate heat gissipation
of component tubes at hich values of regulated
voltage.

Fig. 3 is a schematic circuit diagram showing
means for heating the cathodes of the component
electronic tubes of Figs. 1 and 2.

In order that this invention may clearly bhe
understoocd and readily placed in effect it wil]
now more fully be described with reference to
preferred illustrative embodiments thereof ag
shown in the several figures wherein like circuis
characters refer to like parts or circuit points of
like relationship.

Referring now to Fig. 1, a direct current power
source 1is first indicated with its positive ener-
gizing terminal connected to circuit point @ angd
its negative energizing terminal connected to Cir-
cuit point G, circuit point G being the voltage
regulator negative output terminal and having a
potential particular thereto, the potential par-
ticular to circuit point G being taken herein as
the voltage regulator primary reference potential,
Circuit characters 201 and Sio respectively indi-
cate a current regulating triode and a three po-
sition selector switch, the triode plate being ener-
gized by connection to the moveable arm of S
lector switch Si10 and the cathode of the current
regulating triode being connected at circuit poingt
K to circuit point P’, circuit point P’ being the
voltage regulator first-load positive output ter-
minal and having potential particular thereto,
the potential particular to circuyit point P’ being

the voltage regulator secondary reference poten- .,

tial, the difference in potential between the sec-
ondary and primary reference potentials being
the voltage regulator first-load cutput voltage
and including a residual difference in potential
constituting a residual error voltage. Cireuit
characters P, P’’, and R respectively indicate
three optional energizing terminals of selector
switch Sio0. Circuit character 203 indicates g
voltage dropping resistor connected at ore end
to circuit point P’ and at the other end to ecircuit
point R. Circuit character 202 indicates a cold-
cathode gaseous-discharege tube with its eathode
connected to circuit point G and its anode ener-
gized by connection to circuit point R, thereby
establishing a voltage regulator preliminary ref-

erence voltage between circuit points R and G,

circuit point R being the voltage regulator pre-
liminary reference point and having a prelimi-
nary reference potential particular thereto.
Circuit characters 204 and 205 respectively in-
dicate a filter resistor and a filter capacitor series-
connected at circuit point Ri1, the opposite end of
fliter resistor 204 being energized by connection
to circuit point R and the opposite terminal of

|

10

20

£ o
il

30

.
[

o
)

40

60

0

filter capacitor 205 being connected to regulator 7s

4

negative output terminal G, circuit point R1 be-
ing the voltage regulator first stabilized reference
point and having a first stabilized reference PO~
pential particular thereto, the difference in poten-
tial between the voltage regulator first stabilized
and primary reference potentials being the volt-
age regulator first stabilized reference voltage.
Circuit characters 208 and 207 respectively indi-
cate a filter resistor and a filter capacitor series-
connected at circuit point Rs, the opposite end
of filter resistor 296 being energized by connec-
tion to circuit point R and the opposite terminal
cf filter capacitor 207 being connected to regi-
lator negative terminal G, circuit point Ra being
the voltage regulator first screen-grid voltage
supply fterminal and having a second stabilized
potential particular thereto, the potential differ- .
ence between circuit points Rz and G being the
voltage regulator first sereen-~grid supply voltage.
Clircuit character 288 indicates an exciter pentode,
the suppressor-grid thereof being connected to
the cathode therecf, the control-grid thereof be-
Ing connected to regulator negative output termi-
nal ¢, and the screen-grid thercof being connect-
ed to circuit point Rz, Circuit character 209 indi-
cates a manually-variable self-biasing resistor
witih one end thereof connected to regulator nega.-
tive cutput terminal G and with the opposite end
thereof connected to the cathode of exciter pen-
tode 208. Circuit character 210 indicates a trans-
fer or comparator resistor with one end thereof
energized by connection to circuit point P’ and
with the cpposite end thereof connected at circuit
voini Re to the plate of exciter pentode 208, re-
sistor 210 being the plate load resistor of exciter
rentode 238, algo being the voltage regulator com-
parator resistor, and circuit point Ry being the
voltage regulator comparator point and having
voitage regulator comparator potential particular
thereto. For each manual adjustment of self-
blasing resistor 209, the suppressor-grid screen-
ar1d and control-grid voltages of exciter pentode
208 are held constant, the plate current of exciter
pentode 288 is held constant, the voltage drop
across exciter pentode plate load resistor 210 is
held constant, and residual error voltages occur-
ring at regulator positive output terminal P’ are
transferred with substantial exactness and with-
otit loss of transit time to voltage regulator com-
parator point Re. Circuit character 215 indicates
a filter capacitor shunt-connected across plate
load resistor 210 to deny amplification of micro-
phonic and Shott-effect voltages originating in
exciter pentode 208,

More particularly, exciter rentode 208 ener-
gized and controlled as described above con-
stitutes pentode means transferring voltage regu-
lator residual error voltages with substantial
exaciness from voitage regulator positive output
terminal P’ to voltage regulator comparator point
iz Clreult character 2141 indicates a reference
triocde with the plate thereof energized by con-
nection to voltage regulator positive output termi-
nal P’, with the cathode thereof connected
through voltage-dropping cathode reference re-
sigtor 213 to voltage regulator riegative output
terminal G, and with the control-grid thereof
connected to voltage regulator first stabilized
reiference point Ra establishing at the cathode of
reference triode 211 a substantially constant first
cathode reference potential and establishing
acCross rveference resistor 213 g substantially con-
stant frst cathode reference voltage.

Circuit character 212 indicates s comparator
triode with the plate thereof energized by con-
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‘nection through voltage dropping resistor 214
10 the regulator positive cutput terminal P/, with
-the :cathode thereof connected to the cathode
ofreference triode 211, and with the control-grid
taereof connected to voltage regulator compara-
tor point Re., A diiference-of potential exists be-
tween voltage regulator first cathode reference
potential and voltage regulator comparator po-
tential, and constitutes voltage regulator com-
parator :voltage 'which, for each manual adiust-
ment.: of exciter pentode self-biasing resistor 248,
includes:a voltage regulator average comparator
yvoltage and the instantaneocus voltage regulator
first-load residual error voltage. The piate ¢ur-

ent of .comparator triode 212, heing responsive
1o voltage regulator comparator voliage, estain-
lishes -across plate load resistor 218 4o voltage
regulator average control voltage . angd also estab-
Jishes:thereacross an-amplified and inver{ad voly-
age-regulator error-control veltage responsive to
voltage regulator residual error voltage. ‘The
control=grid-of current regulating tricde 2§t bGeing
connected to the:piateof triode 212, the plate cur-
rent of current regulating triode 221 1z responsive
to:voltage regulator agverage control voltage and
to voltage regulator error control voltage. The
cathode -of triode 221 bheing electrically commoen
with the positive output terminal, the reguiated
plate current of triode 281 divices at circuit poing
7, 1mMto a voltage regulator exciter current and
a voltage. regulator load current delivered to the
indicated voltage regulator load, the voltage regu-
lator output voltage being maini

salned supstan-
tially constant by the contrelled conductance of
current regulating triode 20!, any changes i
voltage regulator exciter current being negligible
In- comparison with permissible changses in voli-
age regulator load current.

More particularly comparator tricde 21(% con-
nected, energized and excited as described above
constitutes ampiifier means responsive 1o volt-
age regulator comparator voliage as defined and
effectively.controlling the conductance of -current
regulating tricde 254, Alsc more particularly ex-
citer pentode 288, connactied, esnergized and ex-
cited as described above, additionally constitutes
pentode means including a  manuallyv-variable
self-biasing resistor controlling desired adjust-
1ment of voltage.regulator - output voltage., Circuit
characters Se and GND respectively indicate a
two-~point selector switch and ground potential,
the moveabhle arm of selecior switch Bg -being
connected o ground pofential.and the two. selec-
tive terminals .of swilch Ss being respeccuively

connected one each 1o volitage regulator ouspbul

terminals G angd P’, salectively providing opera-
tion of the wf.ﬂltage regulater above or helow
ground potential.

"With further reference te Fig. 1, I have found
that.suitable results may ke obialned by employ-
ing the following tubes and circuit constants:
power source voltage—400 to 600 volts; load Mo.
1 voltage 250 volts, adjustable:; tube 202—{ype
0OB2; tubes 211 and 2i2-—each one half oi type
B3CT or 128C7; tube 295—type 695J7 or 128J7;
fube 201—type G6L8E triocde-connected, or a plu-
rality of triode-connected §i 6 tuhes connected in
parallel: resistor 2904-—2 megohms, 1 wats, com-
positicn; adjustable resissor 209—1600 onms,
preferably Wirt type GCA potentiometer; resis-
tor 203—20,000 ohms, 1 watt, preferably Shall-
cross type BX193%: resistor 285—50,000 ohms, 1
watt, preferably Shallcross type BXI163E; resis-
tor 210-—75,000 ohms, 1 watt, preferaply Shall-
¢cross type BXI193E; resistor 2i2—50,000 ohims,
1 watt, preferably Shalleross type BX153E; re-
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-sistor 2 14—500,0600 ochms, 1 watt, preferakly Shall-

cross type BX193E: capscitors 205 and 207 each
4 microiarads, paper, cil-filled, preferably Aero-

vox type 608 MSE; capacitor 215—0.1 microfarad,

paper, oil-filled tubular, preferably Aerovox type
1089 M.

Continuing withy reference to Fig. 1, I have ,{3=b-

- served, and it will ke clear to those versed in the

art: that the filier means including ecirenit ele-
ments 84 and 285 converts the preliminary ref-
erence volvage established between preliminary

reference point R and primary reference poing

G into a first stable reference voltage between
firgt siabilized reference point Bi1 snd primary
referenice point G: that a fGrst cathode reference
potential common o the cathodes of tubes 211

and 282 is substantially established above pri-

mary reference potential by the plate current of
214 fowing through first cath-
ode reference resistor 213, as for instance 50,000
(chms) times .002071.00004 (amps.)=105.5
(volts), 0.00207 ammpere being the glate current of
reference triode 2ii, and 0.00094 ampere being
tne plave current of comparator triode 22, corre-

sSpcending o an average control voltage of 20 volts

deveioned across resistor 24£: that the limiting
vialues o reghla adl wlbage across load No. 1 are
stalblished, SRPIRICES lowsr limit, by plate
sufhici emt ta the mmn-tena-nce of required

TJ.L t.."' [Jl-l\...-

class A conditicns, and in the case of the upper
Himit, by the allowa®kle plate heat dissipation of
i, the two limits approximating a selective
range cf regulated voltage between 225 and 600
velts; thav the lfower limit of regulated voltage
may be dropped approximately to 175 volts by

-emmployiment of a tyrce 6J5 or 12J5 tube as refer-

ence tricde 201 in com lbmatl{m with a type 6S¥F5H
or 12515 as tube 218 that tihe flter means in-
ciugding circuit elemﬂnts 48 and 287 additionally
cenverts the preliminary reference voltage estab-
lished between preliminary reference point R and
primayy reference point & into a frst sereen-grid
supply veoltage ketween circuit points R and @G,
stabilized for each manugl edjustment of self-
biasing resistor 289; that the cathode potential
ol comparator mode 212 being established by first
CALN0 &e reference volbage above primary refer-
ence poiential, and the conbrol-grid potential of
comparator triode Zi2 heing established helow
acondary reference potential by the voltage drop
across comparator resistor 28, also secondary
reference poltential at circuit point P’ being volt-
agze-regulated with respect to primary reference
potential at circult point G, comparator voltage,
Oor more particularly comparator triode control-

-grid veltage, is responsive to intentional change

in exciter pentode vlate current: that intentional
cnenge of exciter pentode plate current may con-

venlently and preferably ke effectied by variation

of the value of self-bigs 3ing resistor 268 or may
aliernatively and less satisfactorily be effected by
potenticmeter means returning the exciter pen-
tode conirol-grid to the moveable arm of a po-
tentiometer comprising self-bias resistor 209:
that infenticnal changs in comparator voltage

- employing potentiometer means involving com-
parator resistor 249 is theoretically possible but
Ppractically undesirable; that pentode means in-

cluding 2 meaenually-~variable self-biasing resistor
provides convenient and effective control of volt-
age regulator output voliage as desired: that re-
sidual changes of potential occcurring at the res-

ulator pesitive subput terminal and taken with

elerence 1o primary reference potential at the
regulator negative output terminal constitute re-
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sidual error voltages: that pentode means includ-
ing a comparator resistor (voltage-dropping plate
load resistor) conveniently, effectively, and with
substantiasl exactness, effects transfer of residual
error voltages from the potential level of the
regulator positive ocutput terminal to the poten-
tial level of the voltage regulater comparator
point, thereby and with substantial exactness, in-
cluding voltage regulator residual error volbages
as a component of comparator tricde control-grid
voltage: that the voltage regulating array of Fig.
1 may effectively be employed to provide a regu-
lated voltage above or below ground potential;
and that the corrective advantage of the voltage
regulating array, utilizing the tubes and circuit
constants indicated, approximates 480 times and
is adequate in effecting energization of a linear
sweep generator.

Continuing with reference to Fig. 1, an addi-
tional or second-load voltage rezulating array is
energized by connecting terminals &, P, P, G, R”
and Ri: resvectively to identically desiznate ter-
minals of the first-lcad array, as shown, the pri-
mary, preiiminary and first stabilized reference
potentials of the first-load voltage regulating ar-
ray now being shared with the second-iocad volt-
age regulating array, 1. e, G, R and Ri1 and the
preliminary and first steelhaee refrerence voli-
ages of the first~load now being common o the
circuits of the first-ioad and second-load arrayvs.
Circuit characters P’/ and G respactively indicate
positive and negative output terminals and an in-
dependent voltage~regulated sccond 1oad is snown
connected therebetween. Circuit characters 246
and S respectively indicate a current regulating
triode and a two position selector switch, the
nlate of current regulating triode 2i§ helng en-
ergized by connection to the moveable arm of
selector switch Si1i and the cathode of current
regulating triode 210 being connected to regu-
1ator positive output terminal P/, Circulb char-
acters @ and P respectively indicate two optional
rositive energizing terminals of S, Circuit

characters 247 and 24{€ correspond directly to

206 ang Z07 of the first-load array with Rs cor-
responding to Ra and having thereon a potential
relative to G, the poltential difference bhelng re-
ferred to as the second screen-grid supbply volb-
age, The voltage transferring means corraspends
directly to that of the firsi-load array and com-
prises elements 221, 227, 219 and 220 similar to
reviously-described elements 212, 215, 238 and
289, the circuit point R¢" corresponding to Re.

By this means the residual error voltage beltween

& and F'’ is transierred with substantial exact-
ness to Rz’.

Circuit characters 222, 224, 223, 225 and 215
likewise correspond in funetmn and arrangement
to similar elements 2if, 2(3, 2{2, 214§ and 281§,
There is thus provided an independent output
across terminais P''—G, employing only 203 and
232 with filter means 2984 and 285 of the first-
load array, or a cascade of regulation with sec-
ond-load terminal P’ connected to P’ of Sio
and Sio contacting P’’, Si11 providing energization
for the cascade. An additional resistance ele-
ment 226 is shown between P’’ and the plate of
the reference triode 222, use of which as a volt-
age-dropping protective resistor is optional for
limiting the plate dissipation if required, the
preferred value thereof being zero ohms.

As thus described, it is seen that for each
manual adjustment of the exciter pentode self-
biasing resistor 220, a second comparator volt-

age, when first-load and second-load arrays are
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in cascade, is established at Re’, which includes a
second average comparator voltage and a second
instantaneous residual error voltage. The plate
current of triode 223 being responsive thereto
establishes a second average control voltage and
a second error control voltage responsive to the
instantaneous residual error voltage, both being
impressed across resistor 22%, as across 214 of
the first-load array.

The plate current of comparator triode 223,
being responsive to voltage regulator second com-
parator voltage, establishes across plate load
resistor 225 a second voltage regulator average

control voltage, and also establishes across plate
load resistor 22% an amplified and inverted second

voltage regulator error control voltage responsive
to second voltage regulator instantaneous resid-
ual error voltage. The control-grid of current
regulating triode 216 being connected to the plate
of comparator and control triode 223, the plate
current of current regulating ftriode 216 is di-
rectly responsive to both second voltage regulator
average control voltage and to second voltage
regulator error control voltage, and the controlled
conductance of triode 216 functions ot maintain
a substantially constant second voltage regulator
output voltage as desired. More particularly,
comparator triode 223, connected, energized and
excited as described above, constitutes amplifier
means responsive to voltage regulator second
comparator voltage effectively controlling the
conductance of current regulating triode 216.
Also more particularly, exciter pentode 219, con-
nected, energized and excited as described above,
additionally constitutes pentode means includ-
ing a manually variable self-biasing resistor con-
trolling desired adijustment of second voltage
regulator output voltage.

With further reference to the second-load
array, I have found that suitable results may be
obtained by employing the following tubes and
circuit constants: power source voltage—"750 volts
D. C.; load No. 2 voltage—500 volts: voltage regu-
lator negative output terminal G connected to
ground potential; selector switch Si1 activated
on positive energizing terminal @Q: selector
switch Si0 activated on positive energizing termi-
nal P’’, a portion of second voltage regu-
lator load current being utilized to energize a
first voltage regulator in series-connected cas-
cade; tubes 222 and 223—each, one half of type
6SC'7T or 12SC7; tube 216—type 616 triode-con-
nected or a plurality of triode-connected 61.6 type
tubes connected in parallel; resistor 2i7—>50,000
ochms, 1 watt, preferably Shallcross type BX193E:
resistor 226—zero ohms: resistor 224--50,000

ohms, 1 watf, preferably Shallcross type
BX193E; resistor 225—500,000 ohms, 1 watt,
preferably Shallcross type BX193E: resistor

221-—200,000 ohms, 1 watt, nreferably Shalleross
type BX193E; variable resistor 220—1,000 ohms,
preferably Wirt potentiometer type GCA: capaci-
tor 2i8—4 microfarads, paper, oil-fllled, prefer-
ably Aerovox type 609 MSB: capacitor 227—0.1

microfarad, paper, oil-filled tubular, plefera.b
Aerovox type 1039M.

Continuing with reference to Fig. 1, I have
observed, and it will be clear to those versed in
the art: the,t the second-load voltage regulating

array is of the same character as the first-load

voltage regulating array, shares utilization of the
preliminary and first stabilized reference voltages
of the first-load array, provides independent
filter means establishing a second screen-grid
supply voltage, and, while capable of operation in
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parallel-connected energization, is primarily in-
tended to.function as.an intermediate unit. o1 a.
plurality of related voltage regulating. arrays,
energized in series-connected cascade, by & single
power source; that the intermediate voliage
regulating array of Fig. 1 utilizing: the tubes ana
circuit constants indicated above provides a COTr-

rective advantage approximating 48%; that the

first-load and second-~load voliage regulating ar-
rays of Fig. 1, when energized in serieg-conneceen

cascade, combine to further reduce the residual
error voltage of the first-load array of Fig. i, as

for instance, now providing cumulative correc-
tive advantage theoretically approzimaiing

225,600, and when so energized are adequate for
energization. of a cathode ray tube d4lreci-Con-

nected linear sweep generator and related con-
version of

locking provisions no longer being reguired.

A further additional voltage reguiating array
is energized by connecting terminalg-@;,?, _G, [ %
and R thereof respectively to other identically

indicated terminals of Fig. 1, as shown, the pri-

mary, preliminary, angd first stabilized reiesrence:
potentials now being shared with the third-load

voltage regulating array, and the preliminary

and first stabilized reference voltages now heing

common to the circuits of all arrays. Circuiyv

characters P and G respectively indicaie posivive |

and neegative output terminals and an-independ:-—
ent voltage regulated. load, i. e, lead No. 3, 1S
shown: connected therchetween. Cirveuits charac-

the single-sided generated sweep-
voltage to full-wave relations, customary Gicte-

ot

10

15

ters 228 and Sz respectively indicave a current

regulating triode and an energizing switch,. Cir-
cuit character Q indicating a selective positive
energizing terminal of switch Si2, the plate of
current reculating triode 228 being energized by
connection to the moveable arm of switch Sis,
and the cathode of triode 228 being connected
to third voltage regulator positive outpub ter-
minal P. Circuit characters 223 and 294 cor-
respond to 208 and 207 of Fig. 1 being a filjer
resistor and a filter capacitor series-connected
betweenn R and- G at circuit point R4 which is
voltage regulator third screen-grid voltage sup-
ply terminal having a fourth stabilized potential
particular thereto, the potential diiierence he-
tween circuit points R4 and G being third screen-
orid supply voltage. Circuit character 231, like
208 indicates an exciter pentode with the sup-
pressor-grid connected to the cathode thereod,
control-grid connected to G, and with the
screen~grid thereof energized by connectior to
voltage regulator third screen-grid voitage sup-
ply terminal Rs. Circuit character 222 indicates
o manually-variable self-biasing resistor con-
nected as 209 of Fig. 1. Circuit character 233
corresponds to 218 of Fig. 1 and is a volia.ge-
dropping - comparator resistor, connected. to P
and to the plate of exciter pentode 234, circuit
point Reg’’ corresponding to Re being - voltage
regulator third comparator point and having a
voltage regulator third comparator potential
particular thereto. For each manual ad) ustment
of self-biasing resistor 232, the controi-grid,
screen-grid, and suppressor-grid voltages of ex-
citer pentode 231 are held constant, residual
error voltages occurring at the potential level
of regulator positive output terminal P being
transferred with substantial exactness to the
potential level of regulator third comparator
point Rg’’. Circuit character 239 indicates 2
filter capacitor shunt-connected across regulaor
third comparator resistor 233 to deny amplifica~-
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tion of microphonic and Shott-effect voltages
originating in excitor pentode €31. Circult chat-
acters 234 and 235 respectively indicate the third
regulator first reference triode and the - third’

regulator comparator triode, the cathodes ol

triodes 238 and 235 being cornnected ¢0 a cCOMInon
eiectrical point, said common electrical point
being connected through third regulator first
cathode reference resistor. 236 to third regulator
negative output terminal G. Circuit characters
227 and 2358 indicate. voltage-dropping, protec-~
tive, preferably equal, plate load resistors, each’
heing connected at cne end thereof to P, resistor
23T being connected at the opposite end thereof
to the plate of comparator triode 2339, resistor
338 being connecied at the opposite end thereol
to the plate of reference triode 234, the cathodes
of reference and comparator triodes 234 and 235
pow havinig a first cathode reference potential

both commoen and particular thereto, the con-

trol-grid of reference. triode 234 being excited
by connection to first stabilized voltage reference:
terminal Ri1, and the control-grid of comparator
triode 235 being excited. by connection to third
regulator comparator point Rg'’. A difference
of potential exists between third regulator first
cathode reference potential and third regulavor
comparator potential, constituting third regu-
lator comparator voitage and including third

regulator average comparator voltage and third

regulator instantaneous residual error voltage.
Reference triode 234, being responsive 1o voltage
regulator first stabilized reference voltage, and
comparator triode 235, being responsive both to
voltage regulator third comparator potential and
to third regulator comparator voltage, act ©o0
establish, between the piates of triodes 234 and
235, a voltage regulator intermediate voltage,
which is differentially variable and amplified as
excited by changes in third regulator comparator
voltage. Circuit characters 245 and 241 respec-
tively indicate the third regulator second reier-
ence triode and the third regulator control tri-
ode, the plate of triode 248 being energized by
connection to output terminal P, the plate of
tricde 241 being energized by connection through
third regulator control resistor 2435 to output
terminal P, the cathodes of triodes 249 ang 2414
being connected together at commion electrical
point J and further connected through third
regulator second cathode reference resistor 242
to regulator negative output terminal G, circuit
point J being a third regulator second cathiode
reference point having a third regulator secona
cathode reference potentigl particular thereto,
the contrel-grid of reference triode 240 being
excited by connection at circuit point D to the
piate of comparator triode 233, trie control-grid

of controi-triode 241 being excited by connection

at circuit point T’ to the plate of triode 234, and
the control-grid of current regulating vriode 228
being connected to the plate of control triode Z4&t.

Triodes 234, 235, 240 and 24§, energized and
controlied as. described above constitute ampli~
fier means including. g control resistor, respon-
sive to third regulator residual error. veltage and
elfectively controiling the conductance of cur-
rent regulaving triode 228 to maintain a substan-

tiglly constant third regulator output voltage.

Triodes 234, 235, 240 and 24i also constitute
amplifier means including a control resistor, re-
sponsive to third regulator average comparator
voltage and effectively controlling the conduct-
ance of third regulator outoput. triode 228. .to

estabklish third regulator average output voltage,
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- With further reference to the third-load array,
I have found suitable results may be obtained by
employing the following tubes and circuit con-
stant; power source voitage—1000 volts . C.: load
No. 3 voltage—T750 volts; voltage regulator nega-
tive output terminal G connected to ground po-
tential; selector switeh S12 activated on positive
energizing terminal @; selector switch Si1 acti-
vated on positive energizing terminal P; selector
switch S activated on positive energizing termi-
nal P’’, a portion of third regulator load cur-
rent being utilized to energize the intermediate
voltage regulator, and a portion of intermediate
voltage regulator load current being wutilized
to energize the first voltage regulator: tube 231—
type 6SJ7 or 12SJ7; tubes 234 and 235—each
one half of type 6SC7 or 128C7: tubes 249 and
241—each one half of type 6SC7 or 128C7: tube
228—type 616, triode-connected, or a plurality
of -triode~connected type 618 tubes connected in
parallel; variable resistor 232—1000 ohms, pref-
erably Wirt type GCA potentiometer: resistors
229 and 236-—each 50,000 ohms, 1 watt, pref-
erably Shallcross type BX193E: resistor 233—
320,000 ohms, 2 watts, preferabkly Shallcross type
BX1906E; resistors 2371 and 238-—each 325,000
ohms, 1 watt, preferakly Shallcross type BX193E:;
resistor 243—>500,000 ohms, 1 watt, pref-
erably Shallcross type BX193%: capacitor 230—
4 microfarads, paper, oil-filled, preferably Aero-
vox type 609 MSB; capacitor 239—0.1 micro-
farad, paper, oil-filled tubular, preferably Aero-
vox type 1089M.

Continuing with reference to Fig. 1, I have

observed and it will be clear to those versed in -

the art; that the third-load voltage regulating
array is of the same character as the first-load
voltage regulating array extended to include
means limiting the plate heat dissipation of com-
ponent tubes when operating at higher values of
regulated output voltage, shares utilization of the
preliminary and first stabilized reference volt-
ages, provides independent filter means estab-
lishing a third screen-grid supply voltage, and,
while capable of operation in parallel-connected
energization, is primarily intended to function
as a higher voltage regulating unit of a plu-
rality of related voltage regulating arrays ener-
glzed in series~-connected cascade by a common
power source; that the third-load voltage regu-
lating array, utilizing the tubes and circuit con-
stants indicated above, provides within itself,
a corrective advantage theoretically exceeding
20,000; that the corrective advantage of the high
potential, intermediate potential, and low po-
tential voltage regulating arrays, energized in
series~connected cascade, is cumulative, approxi-
mating, in the case of the low potential array
of Fig. 1, the product of the respective correc-
tive advantages of the high potential, interme-
diate potential and low potential voltage regu-
lating arrays, and approximating, in the case of
the intermediate potential array, the product of
the corrective advantages of the high potential
and intermediate potential voltage regulating
arrays; that, by successive inclusion of additional
pairs of tubes in the plurality of pairs of tubes
comprising the amplifier means of the high po-
tential array, voltage regulation can be effected
at still higher values of regulated voltage with-
out exceeding the safe plate heat dissipation rat-
ings of component tubes; that the combined
voltage regulating arrays of Fig. 1, energized in
series~-connected cascade, are adequate for en-
‘ergization of a cathode ray tube direct-con-
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nected linear sweep generator, conversion of the
generated sweep voltage from half-wave to full-
wave relations, and amplification of the con-
verted sweep voltage in an interlocking D. C.
and A. C., amplifier. |

Referring now to Fig. 2, the preliminary volt-
age reference means and filter means of Fig. 1
are combined with the third-load voltage regu-
lating array thereof to provide an independent
voitage regulating array capable of operation
at higher values of voltage regulator output volt-
age. A direct current power source is first in-
dicated with its positive energizine terminal con-

nected to circuit point @ and with its negative

energlzing terminal connected to circuit point G,
the voltage regulator negative output terminal
Clircuit character P indicates the voltage regu-
lator positive output terminal. A voltage regu-
lator output load is shown connected between
output terminals P and G.

Circuit character 243 indicates the voltage
regulator control resistor. R and Ri respective-
ly indicate voltage regulator preliminary and first
stabilized reference points, again respectively hav-
ing voltage regulator preliminary reference poten-
tial and voltage regulator first stabilized reference
potential particular thereto. Circuit character
R4 now indicates the voltage regulator second sta-
bilized reference point and also indicates the
voltage regulator screen-grid voltage supply posi-
tive terminal. D and D’ respectively indicate
the plate terminals of triodes 235 and 234. Cir-
cuit character J indicates the cathode terminal
of triode 240. Circuit characters 8 and GND
respectively indicate a two position selector
switch and ground potential. -

With further reference to Fig. 2, I have found
that suitable results may be obtained by employ-
ing the tubes and circuit constants indicated in
the case of Fig, 1 for identically indicated tubes
and circuit elements, with the exception that
voltage dropping resistor 203 requires a value of
100,000 ohms, 5 watts, when incorporated in the
array of Fig. 2.

Referring now to Fig. 3, conventional means
heating the cathodes of thhe component electronic
tubes of the voitage regulating arrays of Fig, 1,
and subsequently of Fig, 2, is shown energized by
an A. C, power source. Circuit character 244 in-
dicates a heater transformer with multiple sec-
ondary center-tapped windings. Circuit char-
acters 248, 24%, 247, 248, and 249 respectively
indicate isolating filter resistors. Circuit char-
acters G, J, P, P’, and P’ respectively indicate
heater-means reference terminals, operatively
connected to identicaliy indicated terminals of
the voltage regulating arrays of IFigs. 1 and 2.
Circuit characters Hazs, Fais, Hoo1, H240, H241, Hags,
Fa11, H2i2, Hois, Hooz, Hass, Hz31, o234, and Hags,
respectively indicate the heater elements of come

‘ponent electronic tubeg corresponding {o the

apove identifying subscripts.

With further reference to Fis. 38 the cathode
healing means indicated, being conventional, is
pelieved 10 reguire no further detaiied description.
I have, however, observed that voltage regulator
operation may be improved by incorporating an
A. C. voltage regulating device, as for instance,
a Solar voltage regulator, in the heater power
SUppiy circuit. Ihave also observed voltage regu-
lator operation may further be improved by em-

ploying voltage regulated direct current to ener-

glze the cathode heating elements, heater direct
current pbeing derived from the voltage regulating
array itself, or independently from an auxiliary
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voltage regulator.

cathode heaier elements has not, however, been

necessary at interlocking amplifier voltage galns

not exceeding 50,000.

it is to be noved that the performance of each
of the arrays described is markediy improved by
anti-siiock wmounting, It
stood that filter capacitors may pe employed in
paraliel with vhe indicated loads as may be de-
sired for various applications and, while the in-
vention has been descriped with reference to the
fisures siiown, various modifications, deletions

and additions theretc may be made without de-

parting from the spirit of the invention within
the scope ¢of the appended claims.

What I claim is:

1. In g voltage reguiator fed from positive and
negative terminals of a power supply supplying
current to a load, linearly wvariagle impedance
means connected
sald terminals, volitage control means in shung
with the icad estailishing g steady preliminary
potential apove said negative terminal potential,
pentode mmeans inciuding g resistor and pentode
tube series-connected in shunt with the load,
said tube having a cathode, grid gand screen grid
ol fixed relative potentials and an anode con-
necred through said resistor o said impedance
neans thiereby fiXing anode curreni 9f th

Oj_ L'.i..!.'lu..r EE.. -

tode and impressing resicdusal error voltages pas.:ed. ‘

by the imuoeaance means thereacross, voltage am-
piifving means energized in shwuint with the load
and comprising g pluralicy of tubes, one pair
thereof naving catnedes at cormmaon potential and
plates supplied by individual connsaction te the
impedance means, said pair of tubes having grids
respectively gt said preliminary potential and the
potential of said ventode anocde, and means ra-
sponsive 1o the resulting amplified error volitage
controlling the impedance of sald impedance
means to nullify said residual error in proporvion
to corrective amplification advantage of ihe regu-
lator,

2. In the regulator of claim 1, said amplifying
means comprising o plurality of tubes each pair
having cathodes at commeon potentvial and anodes
resistively connected individually to said impad-
ance means, the respective grids of tupes of suc-
ceeding pairs being connected. to the anodes of
the preceeding pair in reverse ovder.

3. In the regulator of claim 1, said pentode and
amplifier tube cathodes being connected to said
negative terminal by resisvors, said pentode cath-
ode resistor heing varialkle to effect control of the
potential of the pentode ancde and to control
the voltage across the load.

4. In vhe regulator of claim 1, filter means con-
prising a resistor and condenser series-connected
petween sald grid oi a first said anipliiler tube
and the negatvive terminal for stabilizing said pre-
liminary potential against transient voltages in
sald voltage control means, ang further #Hlter
means comprising g resistor and condenser con-
nected in series and shunting sald voivage conirol
means, arranged to provide a iitered and . sto-
Lilized potential at said screen grid of the pentode
below said preliminary potential.

5. In a regulator accoraing vo claim 1 a second
said pentede means, a second suid voltage am-
plifying means and g second said variable imped-
ance means connected as in ciaim 1 and supplied
from a second said power supply, the first said
tube of said second amplifying means being con-
nected {o the corresponding grid of the regulator
of claim 1, and said-power supply of the regulator

Direct current energization of

will be further under-

in series with said load ketween

ot

10

20

4.0

W) |
GAT

60

70

75

14
of claim 1 comprising the correspondinz load in
series with the second variable impedance, where~
by a cascade of voltage regulation from a single
source is provided.

6. In a voltage regulator having a current con-
trolling impedance series connected to a direct
current scurce at the positive of two terminals.
thereof and having electronic means for varying:
sald impedance in compensation for variations
of voltage from said source, means in series with
sald source and impedance establishing a sub-
stantially fixed preliminary voltage from one said
terminal, pentode means including a resistor and.
pentode tube series~-connected between said im-
pedance and said one terminal, said tube having
a cathode and grid at fixed potentials and g
screen grid at -a potential controlled by said pre--
liminary voltage whereby residual error voltages
passed by said impedance are transferred vir-
tually without loss through said resistor to its
junction with said tube, amplifying means com-.
prising a plurality of triodes connected respec-
tively between said impedance and said one ter-.
minal, a pair of said triodes having cathodes at a
cominon potential and grids thereof at said pre-
liminary and said transferred voltages respec-
tively, and means applying the amplified error
voltage direetly in control of said impedance.

7. In a regulaltor according to claim 6 g second
sald direet current source and series-connected
current controiling impedance, said one ferminal
thereor being connected to the first said one ter-
minai, a second said pentode means series~con-
nected between said second impedance and said
one terminal and having the screen grid thereof
conirolled by said preliminary voltage, a second
said amplifying means connected as in claim 6
between said second impedance agnd one terminal,
a second pair ofi triodes thereof being connected
as in claim 6 with grids thereof at said prelimi-
nary voltage and said transferred voltage of the
second pentode means, respectively, said current
scurce of claim 6 being at terminals connected
respectively to said second impedance and said
one terminal.

8. In a precision electronic voltage supply cir-
cuit having a power supply connected at one ter-
minal to the circuit negative ocutput terminal
taken at a nrimary reference potential and at the
other terminal to the anode of a current and volt-
age regulating tube from the cathode of which is
connected the. circuit positive output terminal
taken at a secondary reference potential, means
establishing a preliminary reference potential in-
cluding a resistance and gas tube series-connect-
ed respectively from said positive to said negative
terminal, pentode means transferring residual
output error voltage to a lower potential com-
parator point, said pentode means having an
anode and a resistive error voltage connection
thereto, a. cathode biasing connection to said
negative output terminal and having constant
current therein independently of said error volt-
age, the pentode having a. screen-grid. thereof
supbiled from a potential source resistively de-
rived from sald preliminary reference potential
and eiectronic voltage amplifying means having a
control grid at the potential of said comparator
point and a correspending cathode at fixed po-

tential relative to said first reference potential,

the amplified voltage therefrom being applied in
Inverted control of said current regulating tube,
whereby substantially the entire said error volt-
age-1s applied- after - amplication to control said
regulating: tube.
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-9, In a cirecuit according to claim 8 said ampli-
fier means having said cathode potential fixed
by cathode follower means conirolied at a grid
thereof by said preliminary reference potential,
a cathode follower resistance being connected 1o
said first reference potential terminal and said
follower means being supplied from said output
terminal, said follower resistance being in circuit
from said corresponding cathode to the negative
output terminal.

10. In a circuit acecording to claim 8 said ampli-
fler means comprising three amplifying stages,
said control grid and cathode theresof ccmprising
the first stapge, all said stages being paralliel-en-
ergized from said positive output terminal, the
second and third stages having a commeon cath-
ode resistive connection to said negative output
terminal, the szecond stage being grid-controlled
from the cutput of the first stage, the third stage
being grid-controlled by potential derived from
said preliminary reference potential.

11. In an electronic voltage rezulator having a
current regulating tube connected to the positive
terminal of a power supply, the cathode con-
nected to a positive voitage output terminal, and
the negative supply terminal being connecied 1o
the negative output terminal, means comprising a
cgas tube and resistance in series, the latter con-
nected to the positive output terminal and the
former to the negative ouiput terminal for es-
tablishing a preliminary stabilized reference po-
tential, pentode means for referring variations of
output potential exactly to a final reference pcint
comprising a resistor connected at one end to
said output terminal whereof the other end comnt-
prises said final reference point and is connected
to a pentode tube therein having a grid thereol
connected substantially to the negative output
terminal, the cathode thereof being connected by
self-biasing means to the negative output ter-
minal and having a screen-grid controlied by said
stabilized potential, a reference triode having
plate potential controlied by the regulator output,
orid potential controlled by said preliminary
reference potential and a cathode connecied to

the negative cutput terminal through a reference

impedance, a control tricde having a grid con-
nected at said final reference point and a plate
connected to said positive output terminal
through voltage dropping means inciuding a re-
sistance to the lower pctential end of which is
connected the grid of the current regulating tube.

12. In an electronic voltage regulator operating
from a power supply the negative terminal o
which connects 1o a negative voltage outpul ver-
minal and the positive terminal of which con-
nects to the anode of a current regulating tube,
a positive output terminal being connected 10 a
cathode of said tube, means estaplishing a pre-
liminary reference potential including a resist-
ance and gaseous tube series connected respec-
tively from sald positive to negative output ter-
minals, reference triode means including g tricde
having g plate connected to said pesitive cutnut
terminal, a grid connected at said reference
potential and a cathode connected to the nega-
tive output terminal through s reference rezisi-
ance said means establishing on last sald resisi-
ance a substantially fixed potentisl, means
referring residual error voltages at the outpui
terminals with substantial exactness to a conirol
point including a pentode connected at its plate
to said point and thence by resistive means to
the cathode of said regulator tube, sald penvode
being connected for constant current conduction
regardless of plate voltage, the grid thereof being
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ot fixed potential relative to regulator negative
output potential and the cathode at adjustably
fixed potential thereabove, the screen-grid poten-
tial heing fixed relative to said preliminary refer-
ence poiential, and amplifying means contrellied
by the difference between said substantially fixed
potential and said potential at said point, said
Jifference potential being inverted upon amplifi-
cation and referred to the grid of the regulating
tube for control of voltage output.

13. In a regulator according to claim 12 said
amplifying means comprising a triode having a
cathode negative voltage connection through
said reference resistance, wherepy said reference
triode means stabilizes the voltage at the cathode
of last said triode at a regulated constant value.

14. In a regulator according to claim 12 said
amuplifying means comprising a plurality of am-
plifving tubes connected and arranged for cumu-
Iative amplification of said residual error voltages

and referral thereof inversely to the grid of the:

regulating tube.

15. In a voltage stabilizer having a power
supply connected at one terminal thereof to the
nezative output voltage ferminal at a primary
potential and at the other terminal thereof to
the anode of a current regulating tube, the
cathode of which connects to the positive voltage
output terminal, resistance means connected in
series with gas discharge tube means from said
positive to said negative output terminals for
establishing at the positive side of said gas tube

ieans a preliminary reference potential sta-
hilized in response to output voltages, filter means
further stabilizing said reference potential,
cathode fellower means controlled by the filtered
refzrence potential and connected across said
outiput voltage terminals providing a substan-
tially constant potential above sald primary
notential, pentode means transferring residual
output error voltage to a lower potfential includ-
ing a bhy-passed resistor in a voltage supply path
thereto from the positive output terminal, a
cathode biasing connection to the negative out-
put terminal and a screen~grid controlling poten-
tial derived {from sald preliminary reference
pctential whereby said error voltage is trans-
rerred substantiaily without change to said lower
potential, amplifying means controlled by volt-
ace between said further stabilized potential and
sald lower potential, and means whereby the re-
sulting amplified voltage is inverted and referred
to a control element of said current regulating
tube in control of the output voltage.

16. In g voitage stabilizer according to claim 15
said amplifying means comprising a plurality of
amplifying triodes the first of which is grid con-
troiled from said lower potential and the last of
which is grid controlied from a potential propor-
ticnally exzeeding said reference potential, |

i7. 4n electronle voltage regulator supplied at
positive and negative input terminals with vari-

able direct current power, comprising a first cur-

rent regulating tube having a grid, an anode
connected to said positive terminal and a cathode
connected to a positive output terminal of the
regulator, voitage stabilizing means including a
resistor and gaseous regulator tube connected re-
spectively to sald positive output terminal and
said negative terminal and mutually joined at an
infermediate preliminary reference potential,
filter means stabilizing said reference potential,
pentode vollage-transfer means including a
pentode tube having a grid at the potential of

said negative terminal, a cathode connected to

said negative terminal through resistive self-




2,626,854

17

biasing means, an anode connected through re-
sistive: means to said oufput terminal and a
sereen-grid connected to receive energization re-
sponsive to said reference potential, whereny
residual error voltages.between said negative and
said output terminals are transferred substan-
tially without loss of time or magnitude fo said
pentode anode, voltage amplifying means includ-
inzg at least one pair of tubes each having a
cathode, grid and anode and each energized by
anode connection to said output terminal and by
common cathode connection to said negative
terminal, a potential dropping resistor heing
interposed between the negative terminal and
said common cathode connection. the last tube of
each said pair having a load resistor between its
anode and said output terminal, the first tube of
a first pair keing grid-controlled at said stabilized
reference potential and the second tube of the
pair being grid-controlled at said transferrea
voltage below said output potential, and means
applying resulting ammnlified voltage inversely to
said erid of the current regulating tube in control
of an output voltage between said positive out-
put and negative terminals.

18. The voltage regulator of claim 17 wherein
said amplifying means includes a pluralitv of
pairs of tubes arranged for cumulative amplifica-

tion of the voltage between said stabilized refer-

ence potential and said pentode anode potential,
each pair having individual thereto a common
voltage-dropping resistive connection to the neg-
ative terminal a final said pair having a first
tube grid-connected to the anode of the last tube
of a prior said pair, a second tube orid-connected
to the anode of the first tube of said prior pair,
and wherein the grid of the current controlling
tube is controlled from the anode potential of the
second tube of said final pair.

19. The voltage regulator of claim 17 having a .

second positive output terminal, a second said
current regulating tube, a second said voltage
amplifying means and a second said pentode
voltage transferring means each constructed
similar to and arranged in circuit relative to said
second output terminal as like elements of claim
16 relative to first said output terminal, said
variable direct current supply being now con-
nected to the anode of the second current regu-
lating tube and to said negative terminal, said
second positive output terminal now being said
positive input terminal of the regulator of claim
16, said screen-grid supply and sald stabilized
reference potential of the regulator of claim 16
being common with corresponding second said
pentode means and amplifying means, respec-
tively, whereby a cascade of voltage regulation
is achieved from a single supply with output se~
lectively above, below and partly akove and part-
ly below ground potential. |

90. The voltage regulator of claim 17, wherein
the positive terminal of the voltage supply is
the positive output of a second similar regulator
the current regulating tube of which is fed from
the positive terminal of a varying direct current
supply, the negative terminals thereof being
joined, the means establishing said preliminary
stabilized reference potential of the first said
regulator being common to both, said output
terminals being selectively groundable at will.

91 The voltage regu'ator of claim 20 wherein
the voltage supply is derived from the positive
output terminal of a third similar regulator the
current regulating tube of which is fed from ihe
positive terminal of a varying direct current sup-
ply, the negative ferminals of the component
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regulators being joined, the means establishing
said preliminary stabilized relcrence potential
being common to the first, second and third said
reculators, said output terminals veing selec-
tively groundable at will.

99 ‘In an electronic voltage regulator having
a. power supply and a current controlling tube
connected at an anode therecof to the higher
voltage terminal of said supply and a cathode
thereof connected to the regulator positive out-
put - terminal, and having the negative outpvut
terminal connected to the lower voltage termi-
nal of said sunply, a voltage dropping resistor and
caseous regulator diode series-connected hetween
said output terminals the common Jjunction
thereof being at the lower voltage end of said
resistor and having thereat a reference potential,
filter means in shunt with said diode stabilizing
said reference potential, a reference triode hav-
ing a grid thereof responsive to said reference
potential, an anode thereof being connected to
said positive output terminal and a cathode
thereof connected through an impedance to said
negative output terminal, an exciting pentode
connected at an anode thereof to the positive out-
put terminal through a resistor, having a cath-
ode and grid connected to the negative output
terminal through self-biasing means, a screen-
orid of the pentode being connected responsively
to said reference potential, whereby potential at
said pentode anode is responsive to output poten-
tial regardless of current therethrough, a sec-
ond triode having a grid thereof controlled by
said pentode snode potential and a cathode
thereof connected through said impedance to
said negative output terminal, said second triode
having an anode supplied from the positive out-
put terminal through a load resistor, the grid of
said current controlling tube being controlled
by potential at the lower potential end of said
load resistor, whereby substantially the full error
voltage at said output terminals is applied be-
tween the erids of said triodes for amplified con-

trol of grid voltage at said current regulating
tube.

23. In the regulator of claim 22 a resistor and
capacitor connected in series, respectively, from
said common junction to said negative output
terminal and establishing therebetween a cur-
rent source connected to said screen grid at low-

er potential than and responsive to said reference
potential.

24. In the regulator of claim 22 said self-bias-
ing means comprising a manually adjusied re-
sistance element whereby the average curreng
throueh said second triode is adjusted to vary
the regulator output voltage,

25. A regulator according to claim 22 wherein
said components except said current controlling
tube are operated below ground potential, said
triode and pentode tubes functioning to main-
tain voltage stability when said positive output
terminal is substantially at ground potential.

25. In g regulator according to clalm 22, a sec-
ond positive output terminal, a negative output
terminal connected to first said negative output
terminal, a second pair of triodes and associated
resistances connected and arranged substantially
as in claim 1 with anodes supplied from said sec-
ond positive output terminal, a second pentode
arranged as in claim 1 having an anode supplied
through g resistor from said second positive cut-
put terminal and a screen-grid thereof connected
responsively to said reference potential, a com-
ponent control-grid and cathode being arranged
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in self-biasing connection to said negative output of voltage regulation is achieved, any said output
terminal, the grids of said palr of triodes being terminal of which may be at ground potential.
connected respectively to the first, said reference JOHN E. WILLIAMS.
triode grid and the anode of said second pentode, | |
sald load resistor of the second pair being con- 5 REFERENCES CITED

nected to said second positive output terminal, a
second said current controlling tube being ener-
gized from a power source with a cathode at

The following references are of record in the
file of this patent: |

second output terminal potential and a grid at UNITED STATES PATENTS

anode potential of the second triode of the second 10 Number Name Date

palr, and said second positive output terminal 2,318,644 Tubbs . _ . ___ May 11, 1943
being said higher voltage terminal of said sup- 2,935,355 Froman __.__________ Dec. 26, 1950

ply of the array of claim 1, whereby a cascade
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