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The present invention relates to devices for 
automatically stabilizing high voltage Sources by 
means of electron tubes inserted directly in the 
high voltage circuit in series with the load and 
acting to maintain constant the output Voltage at 
a predetermined value and Simultaneously to 
maintain Symmetrical the voltage distribution 
relatively to an earthed center point Or a center 
point with a fixed potential relatively to ground 
independently of the variations of the input 
Woltage. 
The devices are especially intended for Stabi 

lizing high voltage sources used for the produc 
tion of radiation, Such as X-rays generators for 
medical or technical purposes, but the Sane 
means may also be used for other purposes in 
Science and technicS, Without making any prin 
cipal alterations therein. 
The use of electron tubes in Voltage Stabiliza 

tion is not new, a variety of different circuit.S. be 
ing described in the literature Some of which are 
Widely used in practical technics. All different 
methods, however, are based upon the Same 
fundamental property of grid controlled electron 
tubes, i. e. that their anode voltage is a function, 
eSpecially a linear function of their control grid 
potential, thus the tube can be used as a Substi 
tute for an automatically variable ohmic resist 
aCe 
This tube operating as a resistance can there.- : 

fore be inserted in Series or in parallel With the 
output load, the grid potential being varied in a 
suitable way to maintain constant the output 
Voltage. 

Electron tube Stabilizers are chiefly used in Con 
nection with OW or medium Voltages, but have 
also been applied for high voltage in the order of 
100 kV. for producing radiations, especially in 
tended for Scientific purposes. Those Stabilizers 
are usually provided with a stabilizer tube in the 
positive branch of the high Voltage circuit and 
are preferably used with the cathode of the elec 
tron tube grounded to give a high Woltage Source 
with grounded positive pole and negative pole at 
high tension, an arrangement which is often Very 
advantageous. 
In connection with X-ray generators for medi 

cal purposes, electron tube Stabilizers of the Said 
type are not so much used, in spite of the exist 
ing need for the highest possible constancy and 
exact reproduction of the working conditions. 
The decisive reason for this fact is that nodern 
X-ray generators usually give a Symmetrical high 
voltage relatively to a grounded center point, an 
arrangement which is of fundamental importance 
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in connection With the so called shockproof X-ray 
tubes in combination with high voltage cables 
With earthed metal sheaths. The insertion of an 
electron tube as a stabilizing means in the posi 
tive high voltage lead will always give a non 
Symmetrical potential distribution which gives 
unfavourable Working conditions for the gener 
ator as Well as for the X-ray tube and its cables. 
This nonSymmetrical potential distribution is 

especially important When the high voltage 
Source is a charged condenser which is gradually 
discharged by the X-ray tube. In this case the 
potential drop acroSS the condenser may be in the 
Order of 30-50 kV. to give a constant output volt 
age duiring the Whole exposure, the stabilizer tube 
Will have to compensate this total voltage differ 
ence and must Consequently introduce a nonsyn 
metry of the Same magnitude in the output volt 
age. 

If high Voltage generators with electron tube 
Stabilization are to be commonly used in medical 
X-ray technicS, it Seems necessary to bring for 
Ward Stabilizer circuits and devices which can 
give a constant output voltage with a symmetri 
cal potential distribution relatively to a center 
at fixed potential relatively to ground. The op 
ject of the present invention is to provide such 
a Stabilizing System which is to be described be 
loW With reference to the drawing in which 

Fig. 1. ShOWS the principal diagram of a sta 
bilizer having a stabilizing device in the positive 
as well as in the negative lead, 

Fig.2 shows the “positive' stabilizer, and 
Fig. 3 Shows the “negative' Stabilizer. 
An independent Stabilization of the positive and 

the negative Voltage, So that the potential distri 
bution relative to a fixed potential is kept sym 
metrical, may be obtained according to this in 
Vention by means of two independently working 
Stabilizer tubeS T1 and T2 as diagrammatically 
ShOWI) in Fig. 1. Said tubes are inserted directly 
in the high Voltage circuit in such a way that 1 
With its cathode is connected to the negative high 
Woltage pole of the generator and with its anode 
to the cathode of the X-ray tube, whereas the 
anode of i2 is connected to the positive pole of the 
generator With itS cathods connected to the anode 
of the X-ray tube. 
The stabilizer tube T1 is controlled by means 

of an electronic amplifier F1 of linear character 
istic, the input Of which is connected to the vari 
able contact of a non-inductive voltage divid 

System. The Second Stabilizer tube T2 is coal 
trollied by means of another electronic amplifier 
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F2 the input of which is connected to the variable 
contact of a non-inductive voltage divider R4, RS 
connected across the output of the Stabilizing SyS. 
tem. 
This arrangement, acts in Such a way that the 

potential of the respective control grids is varied 
in a proper way by means of the independent 
D. C. amplifiers F1 and F2 with the consequence 
that the potential drop across the stabilizer tubes 
is varied automatically in Such a Way that the 
output voltage (the voltage drop across the X 
ray tube) is maintained constant, and simul 
taneously a symmetrical potential distribution 
relative to a grounded center, or a center With a 
fixed potential to ground is obtained. Accord 
ing to this principal arrangement both Stabilizer 
tubes including their necessary amplifiers and 
other equipments are as a whole kept at a high 
negative or positive potential respectively rela 
tively to the symmetry center of the System and 
are consequently surrounded by electroStatically 
shielding metal boxes which are maintained at a 
high potential and preferably connected with the 
cathodes of the stabilizer tubes T1 and T2 respec 
tively. 

Let the unstabilized but Synninetical genera 
tor voltage be Un and the Stabilized output volt 
age be E as in Figure 1, the condition for Syn 
metrical potential distribution in the output volt 
age is that the potential drop acroSS the tubeST1 
and T2 in every moment is equal to 

U-E 
2 

When Uh varies the potential difference will have 
to be distributed in equal amounts on the two 
tubes, but this demand is not absolute. For all 
practical purposes a Symmetry degree of 3–5% 
will suffice but the total variations in the output 
voltage E must be much smaller than this, fre 
quently in the order of 0.1% or even less than 
0.01% for special scientific purposes. 
According to the above described principal 

manner of operation the control grids of the tubes 
are to be supplied with a varying voltage causing 
the anode voltage to vary in a predetermined 
manner to fulfill the demands as to stability and 
symmetry. For both stabilizer units this control 
is obtained by means of high volttge potention 
eters R2, R3 and R4, R5 connected across the un 
stabilized input and the stabilized output respec 
tively. The variable voltages from these poten 
tioneters are partly compensated by means of 
constant potential sources and amplified by the 
two independently working D. C. amplifiers F1 
and F2, the resulting voltages preferably being 
applied to the tubes Ti and T2 as negative grid 
potentials. 
According to the invention the stabilizer units 

are acting independently of each other and in a 
principally different manner. The “negative' 
stabilizer unit will have to be a “balanced System' 
dependent on the potentiometer ratio R2, R3, the 
gain f1 of the amplifier and the amplification 
factor u1 of the tube T1. The “positive' stabilizer 
unit is controlled by negative feed back and is 
accordingly “auto stable' and does not need any 
critical tuning. The Setting of the potentiometer 
ratio R4, R5 has only a small influence upon the 
degree of stability, but is a convenient method in 
regulating the Stabilized output Voltage. 
In this paper the two stabilizer unitS have been 

named the “negative' and the "positive' Stabi 
lizer respectively and will be separately described 
in detail with reference to the Figures 2 and 3. 
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4. 
a. The “negative' stabilizer 

In Fig.2 a complete circuit is shown for a nega 
tive stabilizing System according to the general 
principles as described above. T is the electronic 
stabilizer tube the cathode of which is connected 
in series with an ohmic resistance Ri placed in 
the negative high voltage lead. T3 is an elec 
tronic amplifier tube the cathode of Which is con 
nected with the cathode of stabilizer tube T1. R6 
is a load resistance connected between cathodes 
of tubes T1 and T3, and the anode Voltage Source 
B2, in the embodiment shown a voltage regulated 
power supply in which the voltage drop across the 
resistance R6 may be partly compensated by the 
voltage drop across one or more glow discharge 
lamps in the power supply unit. R2, R3 is the 
control voltage divider and B1 a battery or other 
constant voltage source shunted by a potention 
eter P1 to give a suitable grid bias of the amplifier 
tube T3. By varying the potentiometer P1 the 
grid bias of the stabilizer tube Ti may also be 
adjusted to a decided value. 
The cathode of the stabilizer tube T1 is prin 

cipally connected with the negative high voltage 
pole of the generator and is suitably controlled 
in such a manner that in a fixed ratio, the vari 
ations of the unstabilized input voltage Uh are 
applied to the control grid of the tube in phase 
opposition. As mentioned above this is attained 
by means of a preferably non inductive poten 
tiometer R2, R3; the potential drop across the re 
sistance R2 is partly compensated by the battery 
B1 or a similar constant potential source and is 
applied to the D. C. amplifier F1. The amplified 
and phase inversed output voltage of this ampli 
fier is suitably compensated and applied to the 
control grid of the tube T1 as a preferably nega 
tive grid potential, which will have to vary in the 
decided Way. - w , N- - - - 

In order to obtain the stabilizing effect aimed, 
it is necessary that the amplification factor of 
the tube T1 can be considered as constant with 
in the range of regulation, and assumed the 
anode current is maintained constant, the po 
tential drop U1 across the tube will be an ap 
proximately linear function of its grid potential 
Ug. If F has a linear working characteristic 
and a constant gain fi, the grid voltage Ug of 
the stabilizer tube consequently is a linear func 
tion of the potential drop across the resistance 
R2, which is equal to: 

R. 
R. --Rs U. 

and by critically adjusting R2 according to the 
equation: v - 

R--Rs 
R= nfi hi (1) 

(where the sum resistance R2+-R3 is approxi 
mately constant), the “negative' stabilizer will 
compensate 1/n of the input voltage variations, 
If the input voltages is exactly symmetrical, n. 
is equal to 2, and mostly it will differ only slight 
ly from this value. But it is principally possible 
to obtain a symmetrical output voltage even if 
the input voltage is considerably non-symmetri 
Cal. . . . . . o - - . . 

Above it has been presupposed that the load 
current I be constant but this is the case seldom 
only. To a certain degree the effect of small 
current variations may be reduced by using a 
stabilizer tube with a high mutual conductance 
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S1 and a low amplification factor. However, gen 
erally a special automatic compensation is nec 
eSSary to obtain a voltage drop across the tube, 
which is sufficiently independent of the load cur 
rent. According to the present invention, for 
this purpose, a variable ohmic resistance R1 has 
been inserted between the negative terminal of 
the resistance R2 and the cathode of the tube T1, 
and across this resistance the load current I 
Will produce a potential drop I.Ri acting to alter 
the effective grid potential of the amplifier 
tube T3. 
By adjusting the resistance R1 according to 

the equation: 

•S R= (2) 

and when working on a part of the operating 
characteristic of T1, within which its mutual 
conductance S1 may be considered as constant, it 
may be obtained that its grid voltage Will Wary 
linearly as a function of the tube current I, in 
Such a mannel' that the anode Voltage (U 1) of 
the tube will be approximately independent of 
the anode current. In the special case, shown in 
Figure 2, the total potential drop I.R1 is applied 
to the grid of T3, and m is equal to one. 
Mostly it is difficult to obtain exact balancing 

of the System according to the Equations 1 and 
2, or the balance will be exact within rather nar 
row limits only. However, as mentioned above, 
the voltage symmetry in practice mostly is not 
very critical, differences of a few percent being 
allowed. Such a degree of stability easily can 
be obtained, and in general the adjustments of 
the resistors R1 and R2 can be done Once for ever. 
When the variations in load current I are very 
great, S1 will not be sufficiently constant, and it 
is preferred to vary R1 in a few coarse steps in 
connection with the regulation of the X-ray tube 
current to cover the total operating range. 
The potential drop (U1) across the tube T1 

may be varied at will to obtain proper working 
conditions by regulating the compensating volt 
age (B1) defining the grid potential of the am 
plifier tube T3 and consequently the anode volt 
age of the stabilizer tube T1. 
By this means it is possible to obtain a Sym 

metrical output voltage at different values of E 
without disturbing the fixed adjustment of the 
potentiometer ratio R2, R3, 

b. The 'positive' stabiliaer 

The positive stabilizer will now be described 
With reference to Fig. 3. 
As mentioned above, the “positive' stabilizer 

is controlled in the ordinary way by negative feed 
back by means of the potentiometer R4, R5 
which is connected across the terminals of the 
stabilized output voltage. The principal opera 
tion of this type of electron tube stabilizer is 
well known and need not be described here. 

Different types of amplifiers may be used even 
in the symmetrical stabilizer, but on account of 
the special operating conditions at high positive 
potential for the stabilizer tube as well for the 
amplifier etc., it is important to obtain a com 
pendious and very stable unit with as few volt 
age sources as possible. From a practical point 
of view it is of special importance to avoid goms 
pensation batteries. 

Let the compensation voltage of the amplis 
fiers input, the amplification factor of T2 and the 
total gain of the amplifier F2 be Ek, u2 and fa 
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respectively, the stabilizating efficiency of the 
system is approximately: 

Ns, (3) 
To obtain a good stabilization it is therefore 

preferable to use a relatively high compensation 
voltage as well as a high gain amplifier and a 
tube T2 with a high amplification factor; the Spe 
cial amplifier needed should have the following 
specifications: D. C. amplifier without phase in 
version, high amplification, high input compen 
sation potential, elimination of special input and 
output compensation voltage sources, and if pos 
sible all the necessary operating potentials de 
livered from a single, stable voltage source which 
is independent of load variations. 
An efficient amplifier which fulfil the above 

mentioned requirements, is shown in Figure 3 
in its principal form. 
The several stages of the amplifier are all driven 

by a single, stablized voltage source with a con 
stant potential Ek, its positive pole being Con 
nected to the cathode of the stabilizer tube T2. 
The cathode of the input tube T4 is connected to 
the negative terminal of the anode voltage Source 
and its control grid is connected directly to the 
control potentiometer R4, R5, across the resistance 
R5 of which is produced a potential drop of nearly 
the value Ek which gives a suitbale input tube 
grid potential. In this manner a Special input 
compensation voltage source is avoided, and Ek 
may easily be given a value which is sufficiently 
high to produce an efficient stabilization. 
The output stage of the amplifier is a D. C. 

differential stage with two preferably identical 
tubes connected in parallel and With a common 
cathode resistance R8, the negative terminal of 
which is connected to the negative pole of 
the anode voltage source. In the following the 
tubes will be named output tube T5 and control 
tube T6 respectively. In Figure 3 the control 
grid of the output tube is connected to the anode 
resistance Rt of the input tube T4 with its grid 
controlled in an ordinary manner. The grid of 
the control tube has a fixed potential relative to 
the negative pole of the voltage Source and is 
connected to the voltage divider R11, R12. To ob 
tain maximum sensibility the anode voltage of 
the control tube preferably should be maintained 
constant by directly connecting the anode to the 
positive pole of the voltage source. 
The value of the anode resistance R9 belonging 

of the output tube is chosen so that the mean 
anode current delivers directly the negative grid 
bias for the stabilizer tube T2. 
The operation of the amplifier described above 

is as follows: A voltage variation applied to the 
input tube T4, and the voltage variation from the 
first stage, now amplified and phase inversed, is 
applied to the control grid of the output tube to 
cause an anode current variation in this tube and 
an inversed current varia.ion of about the same 
amount in the control tube T6, Whereby the Com 
mon cathode is maintained at an approximately 
constant potential. The same resulting effect 
can also be obtained by the use of a single tube 
in the output stage, connecting it in Series with 
one or more neon tubes inserted between its cath 
ode and the negative terminal of the voltage 
source, providing the output tube with a suitable 
constant cathode potential. 

c. Output voltage regulation 
As pointed out above, the regulation of the 
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output voltage of the total stabilizer device may 
be performed by varying the potentiometer ratio 
R4, R5 in the negative feed back control System 
of the “positive' stabilizer, maintaining the Con 
pensation voltage Ek constant. 
According to this method the System will at 

tain a new stable condition at a new output po 
tential E, tile to al voltage variation being 
absorbed by the “positive' stabilizer tube T2, 
which will be given a new mean anode voltage. 
In this variation, the “negative' stabilizer tube 
Ti will not take part, as the two units are Work 
ing independently. To obtain a Symmetrical out 
put voltage it is necessary to have a simultaneous 
regulation of the potential drop across the "nega 
tive' tube T1. As mentioned above, this may be 
done by varying the input compensation voltage 
of the amplifier F1, without disturbing the bal 
ance of the System. 
The principle of simultaneous Voltage regula 

tion is illustrated in Figure 7d., in which each 
position of the sliding contact K1 of the "posi 
tive' voltage regulator corresponds to a posiiOn 
of the sliding contact K2 on the “negative' po 
tentiometer P1; and when moving the two con 
tacts synchronously, a Syrin metrical ou put po 
tential may always be attained. The two regul 
lators may have a resistance characteristic allow 
ing continuous voltage regulation, but in prac 
tice it, is generally more convenient to have a 
regulation in steps, corresponding Steps being ad 
justed to fulfil the symmetry conditioi S. 

In Figure 7 b is shown an arrangement allowing 
continuous regulation by means of a Step SWitch 
in combination with a fine regulation between the 
StepS. 
As shown in the figure each coarse regulator 

may have two parallely mounted identical con 
tact fingers K1 With the resistances inserted be 
tween corresponding contact points, the regul 
lators having synchronously moving Sliding coin 
tacts between which the fine regulation potenti 
Ometer P3 is connected, the contact handle of 
which is indicated by F1. 
At low output potentials, this method of voit 

age regulation may result in rather high Voltage 
drops across the stabilizer tubes. To avoid un 
favourable working conditions of the stabilizer 
tubes the above meinitioned coarse regulators El 
may be combined Wtih a synchronously inoviing 
regulator in the primary of the nigh voltage 
transformer, allowing a simultaneo:S regulation 
in Steps of the unstabilized high Voltage Uh. 

d. Special arrangements 

For many purposes it is necessary to vary tie 
the potential drops of the stabilizer libes within 
very Wide initS, up to 56 kV., and consequently 
the variation range of the control grid potentials 
being in the order of 1000 volts. In coin bination 
with apparatus for X-ray diagnostics at high 
X-ray tube currents, the grid voltage variation 
may be fron inegative cut off to positive potential 
of some hundred voits, resulting in considerable 
grid currents. Ordinary output Stages Of coil rol 
amplifiers will not fulfill these extreme require 
ments, the above described amplifiers, however, 
may be modified into a suitable form with rather 
Small alterations. 

According to the present invention the fixed 
load resistance in the anode circuit of the output 
tube may be substituted by a continuous variable 
resistance, the momentaneous value of which 
being a function of the anode current. This is 
realized by inserting a suitable electron. tube, act 
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ing as a load resistance (here named "resistance 
tube'' T14, Figure 8) in the anode circuit of the 
output tube. In the cathode circuit of the re 
sistance tube is inserted an ohmic resistance 
across which the common anode current of the 
two in series connected tubes produce a voltage 
drop being applied to the control grid giving same 
a potential which is a linear function of the anode 
current. The cathode of the resistance tube is 
connected with the control grid of the stabilizer 
tube (T2, Figure 8) and its anode is connected to 
a sufficiently high positive potential relative to 
the cathode of the stabilizer tube. If the resist 
ance tube is a screen grid tube, a special floating 
Screen grid voltage source is needed. 
The above arrangement acts as follows: At a 

sufficiently high anode current in the output tube, 
the potential drop across the resistance tube at 
tains a high value to the high negative grid 
potential, the anode voltage being gradually re 
duced with the anode current. When the grid 
potential of the stabilizer tube be positive, the 
glid current passes the resistance tube Without 
disturbing the normal grid control of the tube. 
By using suitable resistance tubes with prefer 

ably high amplification factors, the arrangement 
is equivalent to a very high resistance in the 
anode circuit of the amplifier tube, giving the 
amplifier a, practical Voltage gain very near to 
the amplification factor of the amplifier tube. 
In Figure 10 is shown the corresponding arrange 
ment of the amplifier F1 in the 'negative' Sta 
bilize'. 
By means of the above described arrangement 

the stabilizer can conveniently be used not only 
for ordinary Symmetrical stabilization but as well 
to stop the load current effectively by giving the 
stabilizer tubes sufficiently high negative grid po 
tentials. Such an arrangement is shown in Fig 
ure 10, in which a magnetically operated Switch 
S1 is inserted in the lead between the anode of the 
input tube T4 and the control grid of the output 
tube. T5. With switch S1 open the grid of the 
tube T5 automatically attains, a grid potential 
giving a very high potential drop acroSS the re 
sistance tube With the Switch closed, the output 
tube attains a grid potential according to the po 
tentionleter ratio R4/R5 giving normal working 
conditions at constant output voltage E. The 
magnetic Switch is suitably operated by means 
of thyratrons (Re1, Re2), which are fired by 
nineans of positive pulses applied to the grids. 
I claim: 
1. A System for stabilizing high tension direct 

current electrical Systems, comprising in com 
bination a high voltage source to be stabilized, 
two operatively independent grid controlled sta 
bilizing valves connected in series in the neg 
ative and positive high voltage lead respectively 
connecting the load with said source, which two 
stabilizing valves form the stabilizing circuit, a 
potentiometer connected across the input of said 
Stabilizing circuit, the variable contact of which 
potentiometer is connected to the input of an 
electronic anplifier the output of which is con 
nected with the control grid of one of said sta 
bilizing valves producing a voltage which is a 
linear and phase-inverted function of the un 
stabilized input voltage, a further potentiometer 
connected across the output of said stabilizing 
circuit, the variable contact of said Second po 
tentiometer being connected to the input of a 
second electronic amplifier the output of which 
is connected with the control grid of the other 
of said stabilizing valves for producing a gridpo 
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tential being a direct linear function of the sta 
bilized output voltage which is applied to the load. 

2. A system as claimed in claim 1 and in which 
the potentiometer connected across the input of 
said stabilizing circuit is permanently adjusted 
(or balanced) according to the equation: 

R-- R8 
n if a1 

R2 being the part resistance of the potentiometer 
connected to the negative terminal of the volt 
age source, R3 the other part resistance Con 
nected to the positive terminal, in a factor gen 
erally nearly equal to 2, f1 the grain of the am 
plifier controlling the stabilizing valve in the neg 
ative lead, and U1 the amplification factor of Said 
stabilizing tube, the potential drop of said neg 
ative part resistance being partly compensated by 
means of a constant voltage Source to give a 
proper input grid bias for said amplifier and by 
regulating said compensating voltage equal to the 
mean potential drop across said stabilizing tube 
at will Without disturbing the balance of said neg 
ative stabilizing system. 

3. A system according to claim 1 and in which 
an ohmic resistance is connected in the cath 
ode circuit of the negatively connected stabilizing 
tube, whereby a potential drop occurs across said 

R 

s 

0 

() 

25 

10 
resistance which is proportional to the output 
load current being produced, said resistance hav 
ing the value 

=- '- 
1 iS, 

wherein f is the gain in the amplifier, S1 the 
mutual conductance of the negatively connected 
valve, 1/m of the potential drop R11 being ap 
plied to the input of the amplifier (F1), so that 
the grid potential of the 'negative' Stabilizer 
tube varies approximately linearly with the 
anode current in said tube in such a way that 
Within wide limits the potential drop across the 
tube is nearly independent of the output load 
current. 

OLAW NETTELAND. 
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