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5 Claims.
1

- This invention relates to a high voltage reg-
ulator and more particularly to an improved high
voltage regulator using internal negative feed-
back within the regulator amplifier proper.

An important problem which has long . con-
fronted engineers in the design of precision high
voltage regulators is that of avoiding oscillation
within the regulator circuit.

‘A simplified approach to the problem of 180°
phase shift, which is'inevitable when a two-stage
amplifier is used, is to minimize all “resistance-
capacitance” time constants in the regulator cir-
cuit except that.of the output. This method: is
quite effective but results in excessive capacitance
in the output of the high voltage supply which

is undesirable where the load is characterized by.

occasional short circuits. Moving the controlling
time constant to another location in the network

makes the impedance, looking back into the reg-

ulator circuit inductive in nature, which is also
undesirable for certain applications.

A method. of reducing the capacitance . re-
quired in the output of a regulated high voltage
supply called the “phase advance” method was
tried, .wherein a resonant. circuit was introduced
into the regulator network in such a way as.to
avoid enclosing the. point (1,50) on: a polar dia-
gram of the quantity ug.- This effect is possible
because of the fact that a resonant circuit ex=
hibits a phase shift below resonance in a direc-
tion opposite to that shown above resonance.. The
use -of this “phase advance” circuit permits a
much smaller output capacitance, which means
a faster regulator response, but this circuit is still
not 1ndependent of the output capacitance: be-
cause a smaller output capacitance requires a
higher resonant frequency for the resonant cir«
cuit. -
With -these dlsadvantages of the usual high
voltage regulator in mind, the improved regulator
amplifier circuit as hereinafter deseribed pro-
vides an. apparatus- wherein the. regulator is
simplified and the margin against oscillation is
made . substantially independent-of the output
capacitance. This is accomplished by applying
frequency selective negative feedback within the
regulator - amplifier proper.  This feedback is
such as to provide two levels of amplification,
both with low phase shift.  One gain level is high
at low frequencies and the other gain level is low
at high frequencies with a transition range in
which the maximum phase shift is 90°. . Thus
the phase shift caused by the feedback network
decreases with increasing frequency as the low
gain- plateau -is -approached. . The smaller the
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2

value of capacitance used in the output of the
high voltage supply the less phase shift there is
around the internal feedback loop. In a high
voltage regulator using negative feedback as here-
inafter described, the output capacitance is no
longer a. critical factor in the stability of the
ambplifier.

An object of this 1nvent1on is to provide an im-
proved high voltage regulator, using a series-con-
nected losser tube, in which the control voltage is
supplied to the losser tube control grid by an

- amplifier having internal negative feedback, said
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amplifier having its input associated with the
load circuit supplied by the high voltage reg-
ulator. :

Another object of this invention is.to prov1de
an improved and simplified high voltage reg-~
ulator using a series-connected losser tube con-
trolled by a negative feedback amplifier wherein
the output capacitance is not a critical factor in
the prevention of self-oscillation.

Another object of this invention is to provide
an improved and simplified high voltage reg-
ulator having a series-connected losser tube con-
trolled by a feedback amplifier, the gain of which
is substantially reduced above a certain frequency
but maintained at a high value between this fre~
quency and zero frequency.

8till another object of this invention is to pro-
vide an improved and simplified high voltage
regulator having a series-connected losser tube
controlled by an amplifier having a gain char-
acteristic such that the possibility of oscillation
around the regulator loop is minimized.

A still further object of this invention is to pro-
vide an improved and simplified high voltage reg-
ulator having a series-connected losser tube con-
trolled by a negative feedback amplifier having a
minimum phase shift around the regulator loop.

- Other -and further objects of this invention
will be apparent to those skilled in the -art to
which it pertains, upon consideration of the fol-
lowing- specifications and drawings in which:

Figure 1 is a schematic wiring diagram of a
preferred embodiment of a-high voltage regulator
of the direct coupled type; and

Fig. 2 is a schematic wiring diagram of a second
embodiment of a high voltage regulator of the di-
rect coupled type.

Referring to Fig. 1'in detail there is shown one
embodiment of the high voltage regulator of this
invention in schematic form. A conventional
high voltage rectifier unit- 11 has a negative fer-
minal {2 connected directly to the cathode of a
diode current limiting vacuum tube 13, whlle the
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3
anode of the vacuum tube 13 is connected to an
output terminal {4, The output terminal 14 is
connected to ground bus {6 by a series network
comprising a resistor {7 and a condenser 8. The
cathode of the diode limiter tube 13 is by-passed
to the ground bus 16 by a condenser 9. A posi-
tive terminal 21 of the high voltage rectifier unit
{1 is confiected directly to the ahode'of a triode
regulator tube 22 by a conductor 23, FThe cath-
ode of regulator tube 22 is connected to the
ground bus 16 by a conductor 24. A diode tube

26 has its anode connected to the control grid of -

10

regulator tube 22, and its cathode is connected to

the cathode of such tube. A §park gap 27 is 4lso
connected between the control-grid and-the cath=
ode of the regulator tube 22 t0-prevent surges
from damaging the tube.
regulator tube 22 is connected to a negative ter-

minal 28 of a low voltage power supply 29 by & --

conductor 31.

This: low voltage power supply 29 is a conven=
tional; full-wave alternating current rectifier uhit
comprising a transformer 32 and 4 pair of diode
vacuum tubes 33 and 34. The output of rectifier
unit 29 is applied to a pi-section smoéothing. filter
comprising an iron.coré inductance 38 in series
with a pair of filter condensers 37, 38. This fil-
ter is shunted by 2 resistor 39 for discharging the
filter condensers 371 and 38 when the rectifier unit

is not energized. The direct current voltage sup- 3

plied by low voltage supply 29 is obtainable at
negative terminal 28 and positive terminal 41,

The positive terminal 41 of the low voltage sup-
ply 29 is connected to the anode of a pentode vac-
uum tube 43 by a conductor 44; the cathode of
the pentode 43 is connected to the ground bus i16
by .2 conductor 46. The suppressor grid of this
tube 43 is connected by conductor 47 to its cath-
ode. 'The screen grid voltage of pentode 43 is
supplied from a second low voliage supply 43 bﬂy
a conductor A9.

The low. voltage supply 48 comprises a power
transformer 51, a rectifier tube 52, and 4 filter
network made up of two iron core induétan’ces 53
and 54 and filter condensers 56 and 57 connected
thereto as shown. The voltage of this supply 48
is obtainable at terminals 61 and 62... A volfage

divider comprising series~connected resistors 63:

and 64 is connected across the terminals 61 dnd
62. A tap on resistor 64 is connected through a
resistor 66 to the control grid ¢f pentode tube 43
and. also to the anode .of an input pentode. 67
which is corinected to-the control grid of pentode
43 by conductor 68, for supplying the proper volt=
ages thereto. A resistor 69 connects the positive
terminal 61 of the second low voltage supply 48 to
the negative terminal 28 of the first low voltage
supply 29.

A negative feedback network comprising a se«
ries-connected . condenser 11 and resistor 12 is
connected between the grid of regulator tricde 22
and the cathode of the input pentode tube 61.
The cathode and the suppressor grid of this pen-
tode tube 61 are connected together by. a €on-
ductor 13. The cathode of. pentodé 6T is con-
nected through a resistor 14 to.the négative ter-
minal 16 of the low voltage standard 11 now to be
described.

The low voltage standard 11 is compnsed of g
transformer 18, a dibde rectifier tube 79;-ahd-a
pi-section filter made i1p of the ii'onucore:induét‘—

ance 81 and condensers 82.and 83. A coridenser

84 is connected between.the negitive terriinal 15

and the ground bus 16; ~A conductor. 86: connects:

the positive terminal 87 of the fllter section to the

The contro}: grid-of

50

55

60

65

70

75

4
anode of a pentode 88. The anode and screen
grid of pentode 88 are connected together by &
conductor 89. The cathode of pentode 88 is con-
nected to the ground bus 16 by conductor 81,
The control grid of pentode 88 is connected to
the ground bus 16 by a resistor 92 and also to
the anode of a pentode tube 93 by conductor 94.

VA Voltagé dividér comprising séries-connected
fesistors 96, 97; and 98 is‘cofnected between the
negative terminal 16 and the ground bus 18. The
Junction between resistors 86 and 97 is connected
to -the cathode of pentode 93 by conductor 98

‘While the jiinétion between resistors 97 and 98
1§ conrected to the screen grid of the same pen-
- tode 93 by conduetor 101,

A series- connected
rent 11m1t1ng resistor 103 are also connected be-
tween the negative terminal 76 and the ground
bus-18. - The junction between the gaseous regu-
lator tube 102 and the current limiting resistor
103 is conhected to the control grid of the pen-
tode 93 by conductor (04; A condenser 10§ is
connected between the negative terminal 16 and
the ground bus- {6, as is another voltage divider

. comprising the'series-connected resistors 106:and

107: A tap on resistor 107 connects through a
resistor-108: to one end-of .a resistor 11l and a
condenser [i2 connected in shunt, while the-

other end of theresistor 111 and condenser 12 is

connected to thé negative high voltage términal
14 by 4 conductor {13. The junction 109 between.
the resistor:108 and shunt-connected resistor 111
and condenser 112, is connected through another
shunt network comprising a resistot 15 and eoh=
denser 116 connected to-the control grid of the
pentode tube 61.. The above-merntioned junction
point. 109 is also connected to the negative térmi-
nal 16 of the voltage standard 11 by the by-pass
condenser {17,

A gasecus voltave'regulator tube 118 shunted
by a by-pass condenser 121 .is connected betwéen
the: screen grid of the pentode titbe 871 and the
negative terminal 16 of tle voltage standard 171,
for maintaining the screen grid voltage constant.
The screen grid of the pentode tube 87 is also
connected to the ground bus 16 by 4 resistor 122

With the foregoinig interconnection of compo=
nerits in'mind; let us how consider the operation 61
the high voltage:regulator described: Terminals
123 and {24 are connected to 4 suitable sotrce of
altérnating cuirent; thereby energizihg the tianhs-:
formeérs 32, 51,-and 18 of voltage soiirces 29, 48 ahd’
T, and the high' voltagé rectifiel unit (1. Durmg-‘
operatlon of the regulator & su1tab1e load is con-~

the ground bus 6

It will bé apparent that sueh:load- connection
is also across the two regulator vacuum tubes 13
and 22. :

THUS it will be Seefi'that there are: two regulat-
ing..actions’ ‘taking: place derdss the output of-
the rectifier unit 11. Pirstly, thé diode 13 aets
as a current l1m1ter to- prevent excesswe current‘

“emission:limited” by settitig the éathode heat-
ing voltage below its normal value through the
prov1sxon of méans well known in the-art. - Sec«
ondly, 4 conéiirrent regulating setion is provided
by the tregulatoi tiibe 22 which aéts as a losser:
tube and tends to keep the sutput’ voltage betiweeh
terminal 14 and the ground bus 16 substantlally
constarit. Tube 22, theréfore, acts as a Vériable
electronic impedance the value of which is céns .
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trolled by the volta.ge apphed to the: control grid
thereof,
Two safety devices are ghown as connected be-

tween the control grid and the cathode of the reg~ .

ulator tube 22. The spark-gap 27 is to protect the
regulator tube 22 from any high voltage surges
which might appear in this part of the. cireuit,
while the diode 26 which is also. connected be-

" tween the control grid and the cathode of the
regulator tube 22 prevents the control grid from
becoming -positive with respect to the ecathode;
thereby  preventing an excessive current, from
flowing through the regulator tube.

-The high voltage divider network nrevmusly ge-
seribed and comprising resistors. {86,107, {88 and
{11 has one end connected to .the ground bus
{8 and one end connected through the conduc~

10

15

tor {123 to the high voltage output terminal 4. -

The junction {05 between resistor {88 and re-
sistor {1t is connected to the control grid of
the vacuum tube §7 for supplying a signal voltage
thereto from the voltage dividing network where
the load voltage .and stardard voltage are com-
pared. Junction {69 will have a certain nega-
tive voltage with respect to.the ground bus 16
due: to the action of the aforementioned voltage
divider upon the high voltage from the high volt-
agerectifier {4,
also connected “across resistors 186 and (0¥ and
impresses 2 voltage on these resistors which is
opposite in polarity .to that impressed by the
high voltage rectifier {{. By the selection of an
appropriate tap or by correctly positioning a

20

25

‘Thestandard voltage supply 17 is

30

slider on resistor (87 a predetermined voltage of .

correct magnitude and polarity may be impressed
on the control grid of pentode 57.

Since the standard voltage obtained from the
supply 171 is maintained highly constant, the volt-
age at the junction point {69 which is due to the
standard voltage is also constant. The- second
voltage which is of opposite polarity to the stand-
ard voltage that is also present at the point 189
is a sample of the voltage to be regulated and con=
tains various excursions due to variations in load
current, line voltage, etc. The comparison of
this sample voltage and the standard voltage re-
sults in a low voltage containing all the varia-

tions of the sample voltage. These variations are

amplified by the pentode 8§71 and passed on to the
control grid of the pentode 43 by the conduetor 68;
here the signal is amplified further and finally
coupled to the control grid of the regulator tube
22 through the power supply 29.

‘The signal voltage oh the control grid ¢f the

regulator tube 22 is coupled through a frequency ;

discriminating network comprising condenser T{
and resistor 12 to the cathode of the input pentode
57 to provide negative feedback of a desired fre-
quency characteristic. -This feedback network
is. .chosen S0 that the gain of the . amplifier is
high at low frequencies, and low at high frequen-
cies; preferably with a transition range where the
gain dropsoff at the rate of six decibels per octave.

Now it will be seen that if the high voltage
across the load inecreases in magnitude there will
be a. differential increase in voltage applied to
the input of the direct coupled amplifier due to
the voltage dividing action of resistors ({4, 168,
67 and 106. This signal voltage is then ampli-
fled by the vacuum tubes 67 and 43 and applied
to the control grid of the regulator tube 22 with
the correct polarity and magnitude to increase the
impedance or losser action of the losser tube 22 so
as to increase the voltage drop thereacross .and
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absorb the “extra” voltage, thereby maintaining
the load voltage substantially constant. .

. Bimilarly, if the high voltage across the load
decreases in magnitude, there is a differential de-
crease in the voltage impressed on the  control
grid of the vacuum tube 67 due to the voltage di-
viding action of resistors {ii, 108, 187 and 106.
This differential voltage is amplified by the vac-
yum tubes 67 and 43 ‘and applied to the control
grid of the regulator tube 22 and is of such magni-
tude and polarity as to decrease the infernal re-
sistance or losser action of the regulator tube 22,
thereby lowering the voltage drop across this tube

and increasing the outputb voltage obtainable at

the terminal [4 back to a predetermined value.

In this manner the output voltage is restricted
within narrow limits and is kept substantially
constant; and by using an emission limited diode
{3 in the.negative lead as previously described, the -
output-current is prevented from becoming too
large in case of a short circuit in a load connected
between the terminal 14 and.the ground bus i86.

The regulator is prevented from breaking into
self-sustaining oscillation’ by the negative feed-
back network comprising. the condenser 11 and
the resistor 72, which maintains the gain high at
low frequenmes and low at the high frequencies.

A second embodiment of my invention is shown
in Pig. 2.  In this embodiment a high voltage
rectifier and filter 200 has a negative terminal
281 connected to a center tap on the secondary
winding of a cathode heating transformer 262 by
a conductor 283. The transformer 282 has ifs
secondary directly connected to an emission lim-
ited diode 226 and supplies cathode power there-
to.” A condenser 287 is connected between the
center tap on the secondary winding of trans-
formey 282 and a ground bus 208. The primary
winding of transformer 282 is connected by means
of conductors 21§ and 212 to the terminals 213
and. 24 for receiving suitable power therefrom.
These terminals 218 and 214 ‘are also connected
to- the: primary winding of a second filament
heating transformer 218 by conductors 217 and
248 for supplying suitable power thereto. Termi-
nals 219 of the high voltage rectifier unit 200 are
connected by conductors 221 to terminals 222
which are in turn connected to a suitable source
of power for energizing the high Voltage recti-
fler and filter unit 200. .-

A positive terminal 223, of the high voltage
rectifier 208 is connected by a resistor 224.to the
anode. of a series losser triode tube 226.. The
cathode.of vacuum tube.22§ is connected directly
to the secondary winding of the transformer 2i85.
The center tap-£27. of transformer 216 is.con-
nected to the ground bus 208 by a conductor 228.

The anode of the current limiting dicde 288 is.
connected through conductor 229 to the negative
ocutput terminal 231, A suitable load:232 is con-
nected between the terminal 231 and the ground
bus 288. The anode of dicde 286 is also con-
nected to one terminal :233. of & compensated
voltage ‘divider unit-234 by a -conductor 235. A
second terminal 287 of the compeénsated voltage
divider 234 is: connected through a conductor 235
to a terminal Z39. “The latter-is connected to ‘a
positive terminal 241 of a voltage standard 242
by a shunt-connected network comprising a re-
sistor 243 and a condenser: 2413 A negative ter-
minal 248 of the voltage standard 242 is connected
to the ground bus. 268 by a conductor 24%7. A
shunt- connected network compmsmg a resmtor.
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the terminal 230 and o terrhindl 261°0f the ‘girect
coupled amplifier 252, -

The ‘¢ompensated Voltage divider 238 15 ¢om-
prised of a reésistor 253 enclosed i B Gonicentrical-
Iy @ifanged gondehser element 254 ¥or making
the voltage ‘dividet 239 sSubstantially independ-
ent of frequency.

The input terminal 254 -of the ‘divest coupled
amplifier 252 is ¢onmiected to ‘the ‘eontrol grld of
a péntode Vacuuin tube 256 by z resistor 257, . ThHe
suppressor grid 'of the pentode 256 is’ ‘connécted to
the cathode of thxs tube by 8 conductor 258 “and

bis - 208 through ) shunt network [l
induetatice 259 and ¥ Tesistor 260. The ‘seréen
grid of the pentode 25615 conReeted to a ’thp on
battery 262 by a 'eonguc%or 363 for recewm' h

the positive end of battery 262 through
a8 resistor 263, The negative end of the pattery
262 1§ ATty comneeted to the Bround bus 268
by ‘eonductor 266. The atode of pentode 256 is
also ¢onhected to the control grid of 4 multlgnd
vacuum tube 267 by the shint network compris-
ing & conderiser 268 and a resistor 269, The con=
trol grid reeeives its ‘correct operating bias volt-
age through 4 vesistor 271 from the negative end
of 2 battéry 272. The c¢athode of tube 257 is
éonhected 16 a tap 2713 on the battery 212 by =

conductor 274. ' The s6fetn grid of the tube 257
receives its opérating Voltage from a more posi-
tive voltage tap 276 tl_zrough a conductor 217.
dxrectly to the ground bus 288 by conductor 278.

The 4hode of the vacuum tube 267 is connected
t0 the output términal 279 of the direct coupled
afiiplifier 252 by the eonduector 281. This out-
put terminal 2719 is-connected to the control erid
of the régulator tube 225 by a conductor 282 for
sep"pl‘ymg the control 'voltaé’e thereto. The Ou't-
51stor 283 to the cathode of the input pentode 255
in Order to feed pack & portich of the output Fig-
nal. The a6taal hépative feedback loop com=
prises the resistor 288 and the shunt circuit com-
prising thé tesistor 260 and the inductance 259.
The anode of the tibe 267 also Téceives its operat-
ing voltage from the battery 272 through this
above-mentioned feedback TeoD.

The operation of this seéond embod1ment will
now be discussed. The terminals 222, 213 and
214 are conhected to suitable sources of power
for eénergizing the various components of the: reg—
ulator., The oitplt voltage of the Tectifier Tnit
200 is applied to the load connéctéd between ter-
minal 231 and the ground bus 208 through &h
émission limited diode 206, whlch acts to prévént
an excesswe ﬁow of current in case of short
nes regulator tube 226 Whlch acts to regulate the
voltage across the load.

Since the voltage standard 242 is connected in
opposition to the voltage produced by the high
voltage rectifier unit 200, it is seen that the
voltage at the junction 239 is a lew negative
voltage whlch is apphed to the 1nput terminal
251 of the direct coupled amphﬁer 252 through
a frequency compensated coupling network com-
prising the Tesistor 248 and the condenser 249
The frequency responsé curve of the direct cou-
pled amplifier 252 has been warbed by usiig fré-
quency responsive negative feedback 50 as. to
provide two amphﬁcatlon levels; the gain bemg
high at the low frequencxes and low at the high
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freaquencies preferably “With o transition Tange
in between where the attenuation is six declbbk
per octave.

The éhﬁerenmal voltage apphed to the THplt
teriminal 251 is prodaced by 'domparing ‘a Saiple
of thé high voltage' a¢ross the load with 'the
standard voltage 242. - This alﬁerential signa;l
Voltage ‘hasall of the voltage variations that are
present in the output of the high voltage rectlﬁer
unit 200 supenmposed upon it. Thesé VOltage
variations 'ate amplified by the diréet ‘coupled
afiplifier 252 and ‘applied to the ‘contiol ‘grid of
the regulator losser fube 226 of such magmtude
and sign as to eausé the internal 1mpedance ‘of
the regulator losser tube to6 change, thereby pro-
ducing a variable voltage drop between thé posi-
tive terminal 223 of the rectifier unit 200-and the
ground bus208. This variable voltage drop when
correctly applied causes the load voltage fappear-
ing between the terminal 231 and the ground bus
208 to remain substantially constant.

In both embodiments of this invention a’sam-
ple-of the high voltage is compared with & stand-
ard voltage-and a differential voltage is produced
containing ‘any variatiohs which were ‘originally
present in the high 'voltage. This differential
véltagé and the superimposed variations are 'dm-
plified by the direct coupled amplifier comprising
tubes 67 and 43 (Fig. 1) and the direct coupled
amplifier 252 (Fig. 2), both amplifiers using in-
ternal negative feedback, and the resulting-volt-
age applied to the control grid of series type
losser tubes 22 (Fig. 1) and 226 (Fig.2). These
series losser tubes act as variable ‘electronic im=-
pedances of the correct magnitude to keep the
output voltage of the high voltage regulators -de-
picted in Figs, 1 and 2 -substantially constant.
Both regulators include an emission limited diode
(13 Fig. 1 and 206 Fig. 2) which serves to limit
the maximum current which may be drawn from
the high voltage rectifier unit.

It will be apparent that the two direct coupled
amplifiers disclosed in Figs. 1 and 2 differ some-
what in the way that the negative feedback is
inserted.

In Fig. 1 the negative feedback voltage fed back
to the 1nput is determined by the condenser 11,
the resistor 12, and the cathode resistor 1'4 _At
the low frequencies the voltage fed back to-the
cathode resistor 14 is negligible, as the condenser_
11 oﬁexs a large 1mpedance at these frequencles,
and in this range the galn is high, At the high
frequencies the 1mpedance of the condenser Ti is
small compared to thé resistors 12 and 14 and
these 1cs1stors are the determlmng factor, 1n
this range the amplification is low. There ] is a
transition range Where thé ithpedance of theé ¢on-
denser 1l is comparable t6 that of the Tesistors
12 and 74, and in this range the attenuation pro-
ceeds at the rate of s1x decibels per octave. The
for egoing method using condensers and Teststors
is consideréd preferablé )

It will be noted that ih the sécond €mbodiment
showh in Fig. 2 the negative feedback 16op in-
cludés the resistor 283 and the shint circuit in
the eathode circuit of tube 258 which comprises
the resistor 260 and the inductahceé 259. ' At the
low frequencies the feedback voltage developed in
the cathode circuit is very small due to the fact
that the 1nduct1ve reactance of the mductance
259 is small and the cathode of tube 256 is vir-.
tually connected to the ground bus 208, At the
high frequenc1es where the inductive reactance
of the inductahce 259 is large comphred to the
resistor 260, the negatlve feedback is determxned
by the resistors 283 and 250 these resistors béing
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correctly proportioned to make the amplification
Jow at the-high frequencies. .The phase shift:is
also small because the feedback network at the
high frequencies is nearly purely resistive in na-
ture. : :

In the frequency range where the reactance of
the inductance 259 is comparable to the resist-
ance.of the resistor 260, the attenuation-die to
feedback is preferably ahout six decibels per oc-
tave. In this range the phase shift is limited to
90° when attenuation proceeds at the six decibels
rer octave rate. ~ S

As mentioned above the method of intreducing
the negative feedback disclosed in Fig. 1 is the
preferred method, as the methed disclosed in Fig.
2 uses an inductance in the cathode circuit of the
input stage (vacuum tube 258 Fig. 2) of the am-~
plifier 252 (Fig. 2), and this inductance 259 must
be well shielded if hum is to be kept to a satisfac-
torily low level.

Although I have described my invention with
respect to two particular embodiments thereof, it
is not limited to these embodiments nor other=-
wise, except by the terms of the following claims.

What is claimed is:

1. In g high voltage regulator of the direct
coupled type and adapted to be connected to o
source of voltage to be regulated and a load cir-
cuit requiring a constant voltage, the combina-
tion comprising a variable impedance means se-
rially connected with said load circuit across said
source of unregulated voltage, a voltage dividing
network, a source of standard veltage connected
to sald voltage dividing network to provide a
differential voltage, and a broadband direct cou-
pled amplifier having a negative feedback cir-
cuit therein, said amplifier being connected to
said voltage dividing network for receiving saigd
differential voltage therefrom and alse connected
to said variable impedance, said feedback circuit
comprising resistive and reactive elements form-
ing a2 high impedance at low frequencies and a
low impedance at high frequencies, said amplifier
serving to apply an amplified differential voltage
of such sign and magnitude to said variable im-
pedance as to cause said variable impedance to
maintain said load voltage substantially con-
stant.

2. In a voltage regulator of the high volfage
direct coupled type and adapted to be connected
to a source of high voltage to be regulated and a
load cireuit requiring a constant voltage, the com-
bination comprising a variable electronic im-
pedance serially connected with said load circuit
across said unregulated voltage source, a voltage
dividing network connected across said load for
obtaining a sample of the voltage thereacross, a
source of standard voltage connected to said voli-
age dividing network to provide a differential
voltage, broadband amplifying means connected
to said voltage dividing network for amplifying
said differential voltage, and a resistive and re-
active network connected between the output and
invut of said amplifying means for negatively
feeding back a portion of the voltage at said
cutput dependent upon the frequency response
of the elements of said network, said variable
electronic impedance being connected to said
amplifying means for receiving said  amplified
differential voltage therefrom, said amplified dif-
ferential voltage when applied to said variable
electronic impedance being iranslated into a
varying voltage drop whereby said load voltage
is kept substantially constant.

3. In a high voltage regulator of the direct
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coupled- type and: adapted to-be connected to.a
source of high voltage to be regulated and a load
circuit requiring a constant voltage, the combina-~
tion comprising & series regulator tube contain-
ing at least a cathode, an anode, and a control
grid serially connected with said load circuit
actross said source of unregulated voltage, a volt-
age dividing network connected across.said load
circuit for obtaining a sample of the high voltage
thereacross, a source. of standard voliage con-
nected to.said voltage dividing network to pro-
vide a differential voltage, and a broadband direct
coupled amiplifier having & negative feedback cir-
cuit therein for amplifying said differential voli-
age produced by comparing said sample voltage
and said standard voltage, said feedback circuit
comprising a resistance and reactance network
and having a frequency response characteristic
determined by the values of the elements thereof
to provide a high impedance at low frequencies
and a low impedance at high frequencies, said
series regulator tube being connected to said
amplifier for receiving said amplified differential
voltage therefrom, said series regulator tube
changing its internal impedance in response to
said amplified differential voltage so as to keep
said load substantially
constant.

4, In a high voltage regulator of the direct
coupled type and adapted to be connected to a
source of voltage to be regulated and a load cir-
cuit requiring a constant voltage, the combination
comprising -a series regulator tube containing at
least a eathode, an ancde, and a control grid, said
anode being connected to the positive terminal of
gaid source of voltage to be regulated, said
cathode being connected to one side of said load,
the negative terminal of said source of voltage
to be regulated being connected to the remaining
side of said load, a voltage dividing network con-
nected aecross said load for sampling the voltage
thereacross, a standard voltage connected across
a portion of said voltage dividing network to
provide a differential voltage by comparison of
said sample voltage and said standard voltage, a
direct coupled broadband amplifier having an
input, an output, first and second amplifier tubes
and a second source of power, said amplifier hav-
ing its input connected to said voltage dividing

7 network for receiving said differential voltage

therefrom, the cutput of said amplifier being con-
nected through said second source of power to
the control grid of said series regulator tube; and
a, resistance-capacitance network connected be-
tween the cutput and the input of said amplifier so
as to provide negative feedback therein for pro-
viding g predetermined gain vs. frequency charac-
teristic within said amplifier.

5. In a high voltage regulator of the direct

v coupled type and adapted to be connected to a

source of voltage 1o be regulated and a load cir-
cuit requiring a constant voltage, the combina-
tion comprising a regulator tube containing at
least a cathode, an anode, and a control grid; the
anode of said regulator tube being connected to
the positive terminal of said source of voltage to
be regulated, said cathode being connected to one
end of said load circuit, the negative terminal of
said source of voltage to be regulated being
coupled to the other end of said load circuit; a
voltage dividing network and 2 source of standard
voltage serially connected across said load circuit
for producing a differential voltage by comparing
said load voltage and said standard voltage, a
direct coupled broadband amplifier comprising
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first and:second. amplifier tubes, said frst.ampli- - BEFERENGES: CITED:
fiep tube having its control grid.connectéd tosald  phe following refererices dre: of record in. the

voltage: dividing. network: te: receive: said dife file of this patent:
ferential voltage therefrom; said first: amplifier

tube havihg an. inductive: cathode circuit; the 5 UNITED STATES PATENTS
anode of said. second amplifler  tube: being con- Number: Name: - Date: -
nected to the control grid of said regulator tube, 2;434,069' - Goldherg ..——..zo.... Jan, 6, 1948
and. & resistor connecting between said anode of 2,510,683: - Carpentier _.._.._... June. 6, 1950
said .second. amplifier tube and. said cathode of T, D AFENT i
sgid: first amplifier tube, said resistor and said i0 ’ : F'OR.EIGN_ PATENTS

_inductive cathode circult forming-a negative feed-  Number Country- - Date -
back network: for providing a desired gain vs. 536,615  Great Britain ...... May 21, 1941

frequency characteristic within. said amplifier.
WALTER H. NELSON..




