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This invention relates to a new method for 
controlling gas or vapour-discharge tubes by 
controlling auxiliary electrodes to effect a change 
in the energy supplied from a particular dis 
charge device to a load. Furthermore, by my 
improved method all other problems may be 
Solved the solution of which is otherwise possible 
by variable phase-shifting in connection with 
Control electrodes for instance for purposes of 
frequency transformation or phase compensa 
tion and So on. In regulating arrangements em 
ploying phase-shifting arrangements of the type 
just mentioned, a phase-shifter or a similar body 
is used for shifting the phase of the potential 
effective at the control electrodes relatively to 
the potential of the main electrode for control 
purpOSes during the Operation. But . Such a 
phase-shifter is an expensive part of the appa 
ratus particularly in the case of relatively small 
apparatuS. 
This invention relates to a method and means 

for dispensing with a variable phase-shifter. As 
a substitute for such a phase-shifter, my inven 
tion in its simplest form provides an ordinary 
Variable resistance which may be constructed 
like a potentiometer for radio purposes consisting 
eSSentially of a strip of insulating material bent 
to circular shape, on which is coiled a resistance 
Wire engaged by two sliding contacts. 

Reference is to be had to the accompanying 
dra Wing, in Which Fig. is a diagram illustrating 
One embodiment of my invention; Fig. 2 is a dial 
gram showing the phase relation of certain volt 
age. Waves; Fig. 3... is a diagram representing 
another form of my invention; Fig. 4 shows a 
Woltage-varying device; and Fig. 5 illustrates 
another device for regulating the control voit 
age or potential. 
In Fig. 1 a simple embodiment of my invention 

is illustrated. d is a discharge device which con 
tains an anode e and a cathode f, these two con 
stituting a pair of main electrodes. The cathode 
is assumed as a hot electrode, but the heating 
circuit has been omitted for the Sake of clearness. 
Of course, a mercury cathode may be used, like 
Wise, and the discharge device can be constructed 
in any well-known or approved manner. The 
discharge device can be filled With gases or Wa 
pours or mixtures of gases and Vapours, for in 
stance mercury vapour and rare gases. In this 
discharge device tWO control electrodes g and c 
are suitably placed between the main electrodes, 
that is to say, between the anode and the cathode. 
In the case of the example the two control elec 
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the point a I connect any load or current-con 
suming device, with the point b an alternating 
current circuit. Parallel to the rectifier consti 
tuted by the discharge device d, a transformer 
tr is shunted producing the control potential. 
But it is also possible to dispense with such a 
transformer and to branch the control potential 
or voltage off the alternating Supply directly. 
The secondary winding of the transformer is 
connected with two parallel circuits, one of these 
circuits being loaded inductively by a choke hi. 
and the other capacitively by a condenser i. 
Therefore in these tyro circuits or branches phase 
displacements apper with such an effect that 
the voltage wave in the one branch will run ahead 
of, and in the other branch lag behind, the volt 
age wave of the main electrode. In the branch 
containing the condenser i, as well as in the 
branch containing-life choke h, there is included 
one half of the resistance k which is bent to an 
nular or circular form. The middle point of the 
resistance is connected with the secondary of the 
control transformer tr. Besides, the control 
transformer tr is connected with the cathode if 
over a suitable tap which may be adjustable. In 
this connection a bias battery WB may be in 
serted which supplies a constant negative or posi 
tive direct potential to the grids g and C. But 
that is not necessary under all circumstances. 
By the described arrangement, I impress on the 
grids g and c control voltages having, relatively 
to the anode e, a phase displacement which is 
practically constant and which depends on the 
action of the condenser i and the choke it. 
Preferably the phase displacement between con 
trol voltages effected by the branchi and by the 
branch h should be about between 90 and 45 de 
grees, for instance about sixty degrees. The 
grids or control electrodes c and g are electrically 
connected with two contacts mounted at the ends 
of a lever or contact device l and arranged for 
siding engagement with the resistance k as the 
said device turns about its central axis. By 
turning the contact device l the voltage on the 
one control electrode is increased While at the 
same time the voltage of the other electrode is 
decreased, and vice versa. By turning the Con 
tact device l the alternating voltage at each of 
the two control electrodes can be varied from 
the value 0 to a certain maximum value. If the 
contact device is in a position in which the grid 
g has a maximum voltage and the grid C a mini 
mum voltage, substantially only the grid g Will 
be effective with the peculiar phase position 
which is determined essentially by the condenser 
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2 
element i whereas the grid c will be out of func 
tion, and the current flowing through the dis 
charge tube corresponds to a current such as 
Would be supplied by a discharge tube a control 
electrode of which is controlled with the phase 
position determined by i. If the contact device 
l is turned through an angle of about 180 de 
grees, the discharge tube operates like a con 
trolled gas-filled discharge tube Which has only 
one grid controlled by a control voltage on the 
phase position of which is determined essentially 
by the choke element h. If the contact device 
l is in any intermediate position, the phase posi 
tion determined by the two grids g and c will 
likewise have an intermediate value and it will 
be evident that in this manner a regulation can 
be achieved Which enables me to generate at the 
grids a resultant control field which is change 
able at will relatively to the main discharge as 
regards phase. In this case the changeable 
phase-displacement of the resulting field takes 
place in the tube itself. It is not necessary to 
uSe a phase shifter outside the tube. Therefore, 
a Special phase shifter is not necessary for the 
tube as only Voltages of a constant phase posi 
tion are impressed upon the control grids and 
only the magnitude of control Voltage is 
changed, but not its phase position. For chang 
ing the Voltage value a simple resistance is Suffi 
cient. Therefore by a simple and cheap regulat 
ing resistance, for instance a potentiometer such 
as used for radio purposes, a regulation can be 
achieved which in its effect is similar to a regula 
tion effected by a phase shifter with the differ 
ence that much simpler elements may be en 
ployed. As stated above, it is not absolutely nec 
essary to use a transformer tr, as the control 
Voltages can also be branched directly off the 
main conductor. This, however, would not 
Create. any appreciable complication because in 
most cases the controlled rectifiers have asso 
ciated With them, transformers for generating 
the anode potential necessary for the particular 
purpose of each individual case. It is thus pos 
sible to wind the secondary of the transformer 
t?” on the iron of the already existing trans 
former. The choke h or the condenser i may 
also be replaced by a pure ohmic resistance, since 
the purpose is simply to produce two parallel 
circuits having a suitable phase-displacement 
relatively to one another. The symmetry of the 
phase position of the two control electrodes g 
and c relatively to the phase of the main dis 
charge, which symmetry is desirable for the car 
rying out of my improved method, can be 
achieved by suitable formation of the secondary 
Winding of the transformer tr and placing such 
transformer at an appropriate point of the main 
transformer particularly if the main transformer 
is a polyphase transformer. In the latter case, 
by arranging the secondary winding of the trans 
former tr at certain points of the iron of the 
main transformer any desired phase position 
can be attained so that then even if an ohmic 
resistance is employed instead of i or h it is pos 
sible to insure that the phase of the voltage on 
the one control electrode will lag behind the 
phase of the main discharge by the same amount 
that the phase of the voltage on the other con 
trol electrode runs ahead of the phase of the 
main discharge. Besides, absolute symmetry is 
not necessary. As stated above, the control elec 
trodes g and C should be put relatively near to 
gether, if the voltages on that part of ic which 
is in the branch including the condenser i cor 

2,104,588 
respond approximately to the voltage of that 
part of k which is in the branch including the 
choke h. If there is a relatively large distance 
between the grids so that they differ in their con 
trol effect, i. e. the grids have different amplifi 
cation factors, a compensation is necessary, and 
this is obtained by making the voltage which be 
comes effective at the respective control elec 
trode, greater than the voltage at the other elec 
trode, in proportion to the amplification factor of 
the respective control grid. 

If desired, the grids g and c may be placed 
quite close together, that is, they may be ar 
ranged in the same plane, with the rods of the 
one grid between the rods of the other grid. It 
will be obvious that I may use as control elec 
trodes, not only grids projecting into the dis 
charge space but also metal parts fastened to the 
tube outside, for instance sleeves surrounding 
the tube in a Well-known manner. Further 
more, an interior control grid can be combined 
with a control grid located outside the tube and 
so on. In the latter case, if uniform regulation 
is desired, it is preferable to choose the control 
voltages at the different grids as above described 
in such a manner that they will be proportional 
to their amplification factor. If, instead of h, 
an ohmic resistance is used, the whole regulating 
arrangement in its simplest form consists of One 
condenser i and of some ohmic resistances two 
of which are combined to form a regulating re 
sistance similar to a potentiometer. The only 
change which this simplification requires aS 
compared with the use of a special phase-shifter 
is the provision of a second grid; this, however, 
will not involve any appreciable increase in the 
cost of manufacture, in view of the highly de 
veloped skill now available in the making of glass 
apparatus. Even with large discharge devices 
constructed of metal the introduction of an addi 
tional electrode does not present any particular 
difficulty. 

Fig. 2 shows the phase position of the main 
discharge (dotted) relatively to the dash and 
dash-dotted curves representing the voltages on 
the two control electrodes when the lever l is in 
a horizontal position, i. e. the Voltages on g and 
c have the same Value. These two voltages com 
bined form, within the tube, a control field which 
has in this case the same phase position as the 
main discharge. When the voltage of the dis 
charge shown in the curve formed of dashes is 
diminished and the Voltage of the discharge in 
dicated in dash-dotted lines is increased, an 
effective control field results which has about 
the form of the curve indicated by the solid line 
in Fig. 2, i. e. a field which is shifted toward the 
Side of the dash-dotted Curve. 

Fig. 3 shows an arrangement With a two-way 
rectifier which will be readily understood from 
the above description. As a cathode, I have here 
chosen a mercury cathode f', but any other suit 
able type of cathode may be used, for instance 
active self-heating electrodes, etc. For each of 
the tWo anodes e', e? a control resistance kl, k2, 
respectively, is provided in this case and the tube 
control levers l1 and l are connected by a com 
mon shaft. This construction therefore has three 
main electrodes, which might be described as 
forming two pairs, the cathode f' being common 
to both pairs. Instead of two grids or control 
electrodes c', g’, three grids or control electrodes 
can be used, thereby obtaining a still better regu 
lation, since this will enable me to shift the phase 
of the resulting control field by 180 degrees in a 
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2,104,533 
perfectly uniform manner. For the majority of 
cases Occurring in practice the methods illus 
trated by Figs. 1 and 2 are sufficient and a further 
improvement of the control can beachieved as in 
dicated in Fig.1 by adding a special bias, battery 
WB or applying some other constant or variable 
direct. Voltage to the control grids g and c, in 
addition to the alternating. Voltages mentioned. 
In this manner effects can be achieved, which are 
similar to the control with three control grids 
which are connected to three branches differing 
from each other in phase. These three phase 
shifted branches can be obtained either by the 
provision of artificial phases, for instance, re 
sistances, condensers and self-inductances, or 
they can be branched off a main transformer di 
rectly if in this main transformer there is a ro 
tating field, as is always the case, with polyphase 
current. If such a polyphase transformer is emi 
ployed, all phase-shifting arrangements may be 
dispensed with and the regulating arrangement is 
confined exclusively to the grids and the regulat 
ing resistances, for instance such as indicated at 
ic, kl, k2 with their levers l, l, l respectively. 
This invention of course is not restricted to 

changing the voltage at the electrodes by resist 
ances of the potentionetter type, but any other 
Suitable means for changing the voltages at the 
electrodes will be within the scope of the inven 
tion. The salient feature of my invention lies in 
the fact that in a construction employing a plu 
rality of control electrodes for each pair of main 
electrodes, the individual control electrodes are 
supplied with voltages having a substantially con 
stant phase-displacement relatively to each other 
and that only the magnitude of the Voltage ap 
plied to the individual control electrodes is 
changed for the purpose of regulation. These 
control electrodes can be arranged at any desired 
places of a discharge tube and the tube can be 
equipped with main and control electrodes of 
any suitable type. For instance all the main 
electrodes may, according to conditions, become 
either an anode or a cathode. The method of 
regulation described in this specification can be 
employed to cause the individual main electrodes 
to change from functioning as Cathodes, to the 
anode function, or vice versa, according to the 
requirements of each particular case. 

Fig. 4 shows an arrangement which may be 
substituted for the potentiometer resistances k, 
lci, k2 and their levers or voltage-dividers l, l, 
and l? respectively of Figs. and 3 respectively, 
as a means for changing the Voltage. m desig 
nates a discharge tube of any suitable insulat 
ing material bent to substantially circular shape. 
Two electrodes in and o are sealed in at the 
ends of this tube. Besides, the tube contains 
a filling of mercury q and a third lead-in wire 
or electrode p projecting into the filling. The 
Space above the mercury can be filled either 
With any suitable gas or with a vapor, for in 
stance mercury vapor. If currents differing in 
phase are supplied between the electrodes o-p 
On the one hand and the electrodes n-p- on 
the other hand, and the tube m is turned 
either to the right or to the left as indicated by 
the double arrow, the gas or vapor pressure will 
decrease in the space containing the electrode 
in when such pressure increases in the space con 
taining the electrode O, and Vice versa. It is 
well-known that with a gas discharge between 
n-p or o-p the Voltage at the gas discharge de 
pends on the pressure; therefore by turning the 
tube in one direction or the other an increase of 

the voltage can be obtained in the right half of 
the tube, with a simultaneous decrease of the: 
voltage in the left half, or vice versa. If with 
the two halves I connect the two control elec 
trodes of a tube constructed according, to Fig. 1, 
the voltages will be changed according to the fill 
ing of the tube and such an arrangement can be 
used for regulating the Voltage in a main tube. 
The electrodes in the tube m may be active and 
the discharge in the tube may be either a glow: 
discharge or an arc discharge as in both cases 
the operating voltage depends on the pressure. 
More particularly, an arc discharge affords the 
possibility of varying the voltage within wide 
limits depending upon the pressure, and an 
arrangement according to Fig. 4 has the fur 
ther advantage that the Voltage is independent 
in a high degree of the current flowing through 
the arrangement so that a constant control Wolt 
age Will be available even With varying Supply 
Voltages. . . 
A further arrangement for regulating the Con 

trol voltage is illustrated in Fig. 5. There are two 
discharge devices rands of the cathode tube type 
connected With the two Supply busses to the con 
trol electrodes. By shifting a contact slide it along 
a resistance at either the tube r or the tubes can 
be heated more strongly, and if the control volt 
ages are made so high that the tubes will operate 
at the saturation state, a constant voltage, de 
pending only upon the regulation, can be obtained 
at the control electrodes even when the Woltage 
of the Supply current varies, provided the control 
currents transmitted through the discharge de 
Vices r and S are tapped on constant resistances, 
Instead of tubes with variable heating as illus 
trated in Fig. 5, I may also use grid-controlled 
vacuum tubes or other amplifier tubes, since any 
kind of voltage regulation may be employed, 
Sometimes, of course, it is unavoidable that the 
Constructive means producing a Voltage change 
at the electrodes will also cause changes of phase 
displacements at the control electrodes. But such 
changes of the phase-displacements have no ma 
terial influence on the regulation. 
I claim: 
1. In apparatus for producing an electric dis 

charge in an atmosphere of gas or vapor, a con 
tainer for the gas or vapor, a set of main elec 
trodes in said container and two control electrodes 
per anode of said set, means for supplying to said 
Control electrodes alternating voltages of constant 
phase relatively to the anode voltages, and means 
for increasing the amplitude of the alternating 
Voltage Supplied to one of said control electrodes 
and for simultaneously decreasing the amplitude 
of the alternating voltage supplied to the other 
COntrol electrode. 

2. An apparatus according to claim 1, in which 
the two control electrodes are connected with two 
Control circuits carrying alternating currents out 
of phase With each other, and in which a regulat 
ing device affecting both circuits is provided in 
Such a manner that an increase of the control 
Voltage in one of Said circuits will be accompanied 
by a decrease of the voltage in the other circuit, 
and Vice versa. 

3. An apparatus according to claimi, in which 
the two control electrodes are connected with two 
control circuits carrying alternating currents out 
of phase with each other, and in which a regulat 
ing device affecting both circuits is provided in 
Such a manner that an increase of the control 
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4. 
by a decrease of the voltage in the other circuit, 
and Vice versa, said regulating device compris 
ing tWO COInfined gas bodies forming gaps, one 
of said bodies being adapted to be compressed 
When the other is permitted to expand, and vice 
Versa, the connections for the control voltages 
being made at the ends of said gas bodies. 

4. An apparatus according to claim 1, in which 
the two control electrodes are connected with two 
Control circuits carrying alternating currents out 
Of phase With each other, and in which a regulat 
ing device affecting both circuits is provided in 
Such a manner that an increase of the control 
Voltage in one of said circuits will be accompanied 
by a decrease of the voltage in the other circuit, 
and Vice versa, said regulating device comprising 
a bent tube of insulating material containing two 
Separate gas bodies and a body of inercury inter 
posed between said bodies, the said tube being 
movable to increase or decrease the pressure to 
Which said bodies are subjected, the connections 
for the control Voltages being made at the ends 
of said gas bodies. 

5. An apparatus according to claim 1, in which 
the control electrodes are connected with control 
circuits which also include discharge tubes, and 
in which means are provided for influencing said 
tubes to vary the amplitude of the said alternat 
ing Voltage. 

6. An apparatus according to claim 1, in which 
the control electrodes are connected With control 
circuits Which also include discharge tubes, and 
in which means are provided for changing the 
emission of Said discharge tubes and thereby 
varying the amplitude of the said alternating 
Voltage. 

2,104,538 
7. The method of regulating the Supply of cur 

rent to electric discharge devices having a pair 
of main electrodes constituting anode and 
Cathode, and two control electrodes for said pair 
of main electrodes, which consists in supplying 
to each of said control electrodes, alternating 
Current. Voltages of constant phase relatively to 
the anode voltages, and increasing the amplitude 
Of the alternating Voltage Supplied to one of the 
control electrodes while simultaneously decreas 
ing the amplitude. of the voltage supplied to the 
other control electrode. 

8. In apparatus for producing an electric dis 
charge in an atmosphere of gas or vapor, a con 
tainer for the gas or vapor, a set of main elec 
trodes in said container and a plurality of con 
trol electrodes per anode of said set, control cir 
cuits. Connected with said control electrodes and 
including means for Supplying alternating volt 
ages to Said electrodes and also including dis 
charge tubes, and means for influencing said 
tubes to vary the amplitude of such alternating 
Voltages. 

9. In apparatus for producing an electric dis 
charge in an atmosphere of gas or vapor, a con 
tainer for the gas or vapor, a set of main elec 
trodes in Said container and a plurality of control 
electrodes per anode of said set, control circuits 
Connected with said control electrodes and in 
cluding means for Supplying alternating voltages 
to said electrodes and also including discharge 
tubes, and means for changing the emission of 
said discharge tubes and thereby varying the 
amplitude of such alternating voltages. 
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