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This invention relates to the control of the 
electron current in an electron tube especially for 
the purposes of current regulation, amplification, 
rectification, conversion and the like. 

it has been proposed heretofore to control the 
electron current by regulating the CrOSS-Sectional 
area of the current path. Due to the peculiarities 
of the electron Stream, however, and the fact that 
the strealin contracts with increasing current, this 
manner of control is not susceptible to fine regul 
lations. Furthermore, in a gaseous electron tube 
Wherein the discharge current is set up mainly 
by Vapor ions, Starting and Stopping the discharge 
Ordinarily cannot be accomplished. 

It is an object of the present invention to regul 
at& the election. Current in a more accurate and 
closer manner than has been possible heretofore 
by regulating, not the cross-sectional area of the 
election strean, but the extent of active area of 
the electrodes, or at least one of them, that 
forms a seat for the stream. The electron cur 
rent is a function of the active area and hence 
by Varying the active area, and by proper shaping 
of the Screen or electrode area, or both, fine 
regulation and control in accordance With any 
selected plan may be accomplished. Further, by 
completely eliminating all active area of an elec 
trode from the electron stream, the discharge 
cea.SeS. fence the discharge can be started and 
Stopped at Willi. 
A further object is in regulating the extent of 

effective active area of a working electrode of 
arl electron tube by a Screein Which is movable 
a CTOSS the active area, and is positioned. So closely 
thereto that the Screened area, is excluded from 
the electron Stream. For control of the electron 
strean it is essential that there be relative nove 
Inent between the SC'een and electrode. It is 
inaterial which is the movable member al 
though for practical purposes it is preferable that 
the Screen be the novable member. 
A further object is the provision of an electron 

tube having tWO electrodes, as two anodes, and a 
third electrode, as a cathode, common to the first 
tWo electrodes, with a screen so arranged as 
alternately to control the discharge streams be 
tWeen the common electrode and the two elec 
trodes. So that, for instance, the conversion of 
direct into alternating current can be effected. 

it is a further object to mount the control 
Screen. On a vibratile Support. The natural 
periodicity of vibration is about equal to the de 
Sired periodicity of control of the electron stream 
So that the Screen can be vibrated electromag 
netically by a Small amount of alternating cur 

(C. 250-27.5) 
rent energy of approximately the same perio 
dicity, and the amplitude of Vibration can be 
modified by Small changes of periodicity of the 
actuating current. 
AS in highly evacuated tubes With a filament 

the magnitude of the emission, among other 
things, constitutes a function of the size of the 
active emission Surface, it is possible in certain 
Cases to arrange the movable screening member 
directly in front of the active cathode Surface 
Whereby there is again possible the advantage of 
a fine Stage regulation of the discharge. Such 
arrangement constitutes a further object of the 
in Vention. 
The movement of the member by means of 

Which the emission is controlled may be effected 
by positive control, it may, for alternating cur 
rent rectifying, direct current conversion into 
alternating current and relay purposes with 
relatively large time constants, be a mechanical 
Sine Shaped OScillation, while there is utilized the 
advantage that for the energization and main 
tenance of a mechanical oscillation in the natural 
frequency of the oscillating body, particularly 
When this is suitably constructed, a very small 
amount of energy is required. This is a further 
object of the invention. 

For relay, alternating current rectifying or 
direct current converting tubes, which operate 
With gas discharges, the arrangement, according 
to the invention, enables the stationary and mov 
able Screening elements, in special cases the mov 
able anode Or Cathode, to be so constructed that 
When the movable member is in the position of 
rest the anode Space is so separated from the 
Cathode Space that the discharge along a path 
other than the usual one is obviated. This 
arrangement is a further object of the invention. 

Examples of construction according to the 
Subject of the invention are illustrated in the 
accompanying drawings, wherein: 

Fig. 1. ShoWS in diagrammatic Section a first 
form of Construction of a discharge tube as relay. 

Fig. 2 ShoWS the resonance curve of the spring 
thereof. 

Fig. 3 shows a form of construction of a dis 
charge tube as a double resonance relay in 
perspective view, and 

Fig. 4 the circuit diagram thereof. 
Fig. 5 shows in diagrammatic section a further 

form of construction of a discharge tube for the 
conversion of direct current into alternating 
Current, Or alternating current into direct 
current. 

Fig. 6 ShoWS in Vertical section a form of con 
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2 
struction of a discharge tube for converting 
direct current into polyphase current or poly 
phase current into direct current, and 

Fig. 7 shows a diagrammatic plan thereof. 
Fig. 1 shows a discharge tube of high Vacuum 

or with gas filling, of which the glass bulb is 
Secured in the usual manner on a base 2. On 
the base there is secured, inside the bulb, a. 
magnet 3 of which the core 4 carries the Wind 
ing 5. To the foot of the magnet 3 an upwardly 
extending spring 6 is so secured that it SWings 
to and fro in response to variations of energiza 
tion of said magnet. The spring carries at the 
upper end a screen plate of metal or insulat 
ing material which covers a correspondingly 
large opening of a box-shaped screen casing 8 of 
metal or insulating material. 
The screening and also the Spring can be con 

nected to a suitable potential through high ohmic 
resistances for keeping the potential constant. 
In the interior of the screen casing 8 is located 
the electrode 9 which has a surface thereof, pro 
jecting into the opening thereof. Outside the 
screen casing 8 there are located directly under 
neath, the counter electrodes 0, in this case 
anodes. When a potential, for example the 
continuous voltage of the battery B, is applied 
to the stationary electrodes a discharge current 
is produced as soon as the screen plate eXposes 
the opening of the casing 8. The active cathode 
surface varies according to the size of the Opening 
thus exposed and thus also the strength of the 
discharge current. When the magnetic flux is 
varied, for example, by a variable direct current 
the movable screen part can be moved thereby 
more or less from its rest position, while the 
size of the active electrode surface is varied. The 
movement of the spring may be effected by me 
chanical, magnetic, electromagnetic, electro 
dynamic or other forces. 
The advantage of this arrangement resides in 

the fact that by means of a very Small control 
ling energy large energies, which traverse the 
discharge path, can be varied continuously and 
in proportion to the controlling energy. When 
the control electrode is so constructed that it has 
a low mechanical inertia, this relay may be em 
ployed, when using a gas discharge, preferably 
as amplifier for acoustic frequency mixtures. 
With such a tube it is possible With a Small Con 
trol energy and while using a low anode poten 
tial, to obtain a larger controlled output than 
with the arrangements at present known. As it 
is possible to suitably arrange the ratio of the 
discharge current, relatively to the control Cur 
rent, in other words to suitably shape the static 
and thus also the dynamic base lines, On the One 
hand by suitably shaping the covering openings 
and on the other hand by Varying the rectifying 
force of the electrode, the distOrtions occurring 
in a preceding amplifier part or in a loud Speaker 
can be corrected by a tube of this character. 
As a continuously adjustable relay for Con 

trolling operations below the audible frequency 
the tube described is particularly efficient when 
the oscillating screen part according to Fig. i. or 
a movable electrode is formed as a blade Spring, 
while it is particularly of importance that the 
spring has a sharply defined natural frequency 
and the energy required for maintaining the 
oscillation is Small. 
When an alternating current is used aS COn 

trolling current, which can be varied in the fre 
quency range f (Fig. 2) the amplitude of the 
spring from Zero to maximum according to the 

2,068,775 
resonance curve (Fig. 2) of the Spring can be 
obtained by the frequency variation f. 

In the electrical transmission technology there 
frequently arises the necessity of transmitting 
continually varying operations by wire or by 
Wireless and in the general art it is frequently 
desirable to transmit movement operations in 
finely adjusted form and staging by means of 
distant translnission. The combined problem, 
formed by these two problems, of electrical 
transmission Was Solved hither to by means of 
more Or leSS complicated devices which were ex 
posed to numerous sources of error and were 
therefore only relatively reliable. The problem 
in question can be solved with advantage by the 
arrangement hereinafter described. 
AS is Well known, only very small energies are 

required for oscillating a body which is easily 
Capable of Oscillation when the driving alter 
nating force has a frequency in the neighbour 
hood of the natural frequency of the body. The 
transmission ratio of the relay in this arrange 
ment is therefore particularly large. 

it Will be understood by the mounting of a 
number of springs having different natural fre 
quencies in a tube it is possible to transmit dif 
ferent control operations which are continuously 
adjustable independently of one another. The 
Controlling Current must then be a frequency 
mixture Which is composed of the variable al 
ternating Currents of frequency ranges of the 
springs which have been provided. This compo 
site Controlling frequency can best be produced 
On the control Side by one or more tube Oscil 
lators, While for tuning there are used adjustable 
OScillating circuits. Each OScillating circuit must 
in this case include the frequency ange of at 
ieast one Spring. 

Fig. 3 shows in perspective view a gas discharge 
relay Whelein the Size of the active anode Sui?ace 
is varied for regulating the strength of discharge. 
AS in the constructional form first described all 
the parts including the glass buib are Secured 
in a gaStight manner on a base 2. To the basa 
is Secured a permanent magnet 3 with O-shaped 
magnet body, at the sides of the limbs of which 
are provided short cores which carry two coils 
5. Opposite the pole faces of these cores two 
blade Springs are secured at their iovel ends 
for free oscillation to the in agrict, yoke. These 
two springs have different natural frequency 
numbers which deviate by about 10% from the 
average control frequency. One spiring, for ex 
ample, has a natural frequency of 50-5=45 
cycies, the other 50--5=55 cycles. To the free 
ends are Secured at right angles to the spring 
Surface anodes formed as transverse plates , 
which during oscillation enter Siots of metal 
Screens 8 provided on both sides. Cin both sides 
of this screening there are provided outside tiere 
of filaments 9 which are carried by holders 
Serving simultaneously for the Supply of current. 
AS the Screening plates are also in ounted on 
these holders there is practically no potential 
difference batWeen then and the filaments. The 
two coil ends, the filament otgoing wires and 
the Springs are electrically insulated from one 
another and are connected to the corresponding 
base pins and the glass bulb is filiad with a gas 
suitable for icnization. 

Fig. 4. ShoWS diagrammatically the circuit of a 
tube of this character and at th:8 Sane tire an 
example of use for the production of a contin 
uous control movement. The two anodes are in 
this case connecte 
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2,068,775 
part solenoid S of which the middle point is 
connected to any suitable source of current. A 
forked armature A, mounted On a shaft, engages 
with its prongs in the two solenoid coils and is 
rocked in one or the other of the coils according 
to the amplification of the current. On the ar 
mature shaft may be mounted, for example, the 
valve body of a controlling valve for a hydraulic 
or pneumatic Servonotor. 
The method of operation of this device is aS 

follows: The current from an amplifier flows 
modulated in control frequency through the tWO 
magnet coils 5, so that the permanent magnetism 
is amplified or weakened in the same rhythm aS 
the current fluctuations. If noW, by means Of 
the control member of the transmitting device, 
the control frequency is always approached more 
towards the natural frequency of one of the 
springs 6 this acquires gradually Stronger vibra 
tions, i.e. resonance, the more it approaches the 
natural frequency. The anode plate of the 
oscillating spring passes With an always increas 
ing amplitude on both sides through the corre 
sponding screen slots and when a positive poten 
tial is applied to the anode relatively to the 
filaments 9 there occurs at each passage of the 
plate 7 through the screen slot a powerful trans 
mission of current between plate 7 and filament 9. 
The occurring current is approximately pro 

portional to the plate surface passing through, 
this in turn being proportional to the OScilia 
tion amplitude. The amplitude increases With in 
creasing approach of the natural frequency of the 
control frequency towards the natural frequency 
of the spring. This approach is affected by Suit 
able movements of the control member at the 
transmitting station from the Zero position out 
Wardly. By suitably shaping the oscillating anode 
plates 1 proportionality can be obtained between 
the angle of movement of the control member 
and the control movement. When the control 
member is moved from the Zero position towards 
the other side the same action takes place by 
the other spring. This effects a control nove 
ment towards the other side. 
By means of the double resonance relay it is 

possible to adjust control movements to the left 
and right through a suitable angle with great 
rapidity and precision. The control operation 
is not effected in stages, but continuously, which 
is essential for the precision of the control. This 
resonance distant control takes place With a mini 
mum of electron tubes. It is therefore, by reason 
of its simplicity, also very reliable. It will be 
readily understood that by Suitably increasing 
the number of springs in the relay the various 
controls can be actuated simultaneously. 
The discharge relay for high vacuum or gas 

filling above described can also be used with ad 
vantage as frequency generator. Electric fre 
quency generators, which mostly operate With 
back coupled electron tubes, depend upon a 
number of working conditions, for example on 
the anode potential, the grid potential, the heat 
ing potential, the guiding of the leads, on the 
temperature and so forth. From this it fol 
lows that the production of a constant frequency 
by this method is very difficult. Quartz oscil 
lators are particularly suitable for high fre 
quency oscillations. The frequency generator 
according to the arrangement above described is 
characterized by its great frequency constancy 
as mechanical oscillatory structures With proll 
inent natural frequency are very uniform in 
frequency at constant temperature. The reso 

3 
nance curve is very steep. The steepness there 
of is further increased because in the arrange 
ment described the oscillatory structure oper 
ates in Vacuum or at considerably reduced preS 
sure. For the production of high frequency 
there may be used the known means of fre 
quency multiplication. The maintenance of the 
Oscillation may be effected by the controlled 
current. For the production of a number of 
Constant frequencies a number of Oscillating 
Systems may be mounted in a tube. For the 
production of a variable fequency the securing 
point of the oscillatory structure may be varied 
by a suitable device. 
While the discharge tube relay serves for the 

continuous linear or non-linear output amplifi 
cation of comparatively slow control operations 
as also for the production of gonstant frequen 
Cies Such a tube may also be used as an undu 
lator of Suitable currents or particularly for the 
conversion of continuous current into alternat 
ing current of Suitable form of the current or 
potential Wave and suitable phase number. 

Fig. 5 shows the simplest form of arrangement 
for the conversion of continuous current into 
alternating current by means of a discharge tube 
of this character. A glass bulb , highly evac 
luated, or filled With dilute gas, which has suit 
able properties for the discharge operations, is 
Secured to the base 2. A magnet system 3, which 
can be Variously magnetized by the coil 5 fitted 
On the core 4, carries the blade spring 6 con 
Sisting of magnetic material. The screening 
casing 8 of metal or insulating material with 
the central portion 8d, and the two discharge 
Openings 8b contains in each of the two cham 
bers, formed by the partition 8d, an anode 0 
Which , anodes are seated directly adjacent the 
openings 8b and are connected each to a sep 
arate end of the primary Winding of the asso 
ciated transformer T. The middle tapping of 
this Winding leads to the positive pole of the di 
rect current source B. A cover plate 7, which 
in the rest position covers the openings 8b, is 
Secured to the upper end of the blade spring 6. 
Outside the Screening casing 8 is provided the 
Counter electrode 9. The Cathode 9 is connect 
ed to the negative pole of the direct current 
Source B. The natural frequency of the spring 
is So chosen that it coincides with the alternat 
ing potential to be produced. The magnet wind 
ing 5 may be connected to the secondary wind 
ing of the transformer T. When the spring 6 
is OScillated by an alternating current passing 
through the Coil 5 the two discharge openings 
8a and 8b are alternately exposed, the discharge 
current alternately following the path, in the 
manner of a simple commutator, between one 
of the two anodes 0 and the cathode 9. By 
Suitably shaping the discharge openings the 
curve of the alternating current may be given 
any suitable shape. By the use of an indirectly 
heated cathode, as shown the whole of the di 
rect current potential may be utilized for 
heating. 
By means of a direct current winding, which 

is superposed on the winding 5, not necessarily 
illustrated, the spring initially may be rocked by 
the SWitching-in current impulse. The natural 
frequency of the spring thus determines the fre 
quency of the alternating current produced. 
When the tube is adapted for the additional 
feeding on alternating current mains already 
under voltage the control of the Spring must be 
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4. 
effected positively from the mains which can be 
effected in a simple manner. 
An alternating current rectifier of the con 

struction described may also be used in a suit 
able manner as continuous current converter 
preferably for high voltages, as by the mechani 
cal closing of the discharge path the danger of 
a back fire can be obviated to a far-reaching eX 
tent. 

Instead of a control element with a recipro 
cating oscillatory movement, such as Spring 6, 
there may also be used a control member With 
a rotary movement. The rotary movement 
thereof inay be produced by means of a mag 
netic rotary field of which the energizing wind 
ing is located outside the bulb of the discharge 
tube. By means of a rotary System of this 
character transforming undulations of different 
types can be obtained. 
In FigS. 6 and 7 is shown Such an arrangement 

With the use of double COmmutation for convert 
ing direct current into alternating current or 
polyphase current into direct current. On a base 
2 there is again fitted a glass bulb . As a mov 
able part of the screening there serves a rotary 
hollow cylinder or rotor 7. When the rotary 
movement has a speed of 3000 revolutions per 
minute (for producing 50 cycles) there is pro 
vided in each upper part of the rotor fi a slot 7d. 
of 90° peripheral length or Width and both slots 
are arranged diametrically opposite one another 
So that in the drawing only the upper one is vis 
ible. At the upper and lower ends the hollow 
cylinder is closed. At the upper end of the 
rotor is a two pole armature 8 of magnetic steel 
which is rotated by a rotary field, produced by 
a Winding i9 (for polyphase current or single 
phase alternating current) Surrounding the bulb 
on the outside. To the base 2 is Secured cen 
trally a shaft 20 on which the rotor rests by an 
upper pivot bearing and is guided by a bore in a 
central partition b. In the upper rotor cham 
be an anode 22 of graphite is arranged. On the 
shaft 2. In the lower rotor chamber is fitted 
an indirectly heated cathode 23. The current 
lead 24 of the central electrode 22 passes through 
a longitudinal bore of the Shaft 2 to the anode. 
The rotor is Surrounded by a Stationary part 
or stator, which is formed by three uniformly 
Spaced casing Sectors 25 provided on the periph 
ery. Each of these casing sectors receives in its 
upper part an indirectly heated Cathode 26 and 
in its lower part an anode 2 which closes the 
said opening of the Sector. The Cathode and 
anode of each Casiing Sector are Connected to 
gether conductively and their leads are passed 
with insulation through the Wall of the casing 
sector. To each anode-Cathode pair is connected 
a three phase current lead I, II, III as shown in 
Fig. 7. The positive pole of the battery B is 
connected to the central anode 22 and the nega 
tive pole of the former to the central Cathode 23. 
In this arrangement a three phase current of the 
usual type is produced in the three phase System 
D by three single phase currents relatively dis 
placed by 120°. The sine shape of the alternating 
current produced may in this case also be pro 
duced by suitable construction of the lateral lim 
iting edge of the rotor slots. 
When additionally feeding three pihase mains 

already under voitage With Such a discharge de 
vice the rotary field for the rotor drive is pref 
erably produced by the current taken from the 
three phase mains and an entire phase uniform 
ity can be obtained in this case by the rotary 
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arrangement of the rotary field winding and its 
adjustment. When feeding three phase mains 
not otherwise excited at a governed frequency 
the frequency constancy can be obtained by ob 
taining the rotary field, for example by means of 
a discharge device With a pendulum control of 
the type of the discharge tubes hereinbefore de 
Scribed of which the magnet is provided With a 
main and a phase displaced auxiliary Winding. 

Devices for converting direct current into al 
ternating and three phase current by this al 
rangement are characterized by their great Sin 
plicity and Security in operation, do not suffel 
from Spark formation, oxidation or burning Of 
the active parts, have no dimensions and a low 
Weight, and require no attention. It is also poS 
Sible to Suitably influence the Shape of Curve of 
the alternating current produced. Such con 
verters and relay discharge tubes can also be 
produced in Small units With economical limeth 
ods of operation. 

In the examples described with movable elec 
trode the anode is arranged to OScillate, the 
Cathode could also be arranged to oscillate 
equally well. 

I claim: 
1. A discharge tube comprising an anode and a 

Cathode between which a discharge is adapted to 
take place, and movable means mountsd ciose 
adjacent one of said electrodes for varying the 
effective discharge Surface area of the adjacent, 
electrode from which the discharge takes place. 

2. A discharge tube comprising an anode and 
Cathode, a movable anode Screening member lo 
cated between said anode and cathode and closely 
adjacent to the active face of said anodic to ex 
clude the adjacent part thereof firon the dis 
charge, a movable support on which said member 
is mounted, and means for actuating said support 
Whereby said Screening member is moved rela 
tively to said anode and cathode to vary the 
effective area of Said anode. 

3. A discharge tube complising a base, a glass 
bulb on said base, an electromagnet mounted 
On Said base inside Said bulb, a housing in said 
bulb, said housing having an aperture therein, a 
Cathode located in Said housing adjacent said 
aperture, a pail of anodes in Said bulb, a resilient 
Support mounted in said base on said bulb, and a 
Screen member carried by Said Support and ex 
tending between said Cathode and said anodes. 

4. A discharge tube comprising an anode and 
cathode, a movable screening member located 
between said anode and cathode and closely ad 
jacent one of them to exclude the adjacent part 
of the electrode from the discharge between said 
anode and Cathode, a resilient support on which 
said member is mounted, electromagnetic means 
for actuating said resilient support whereby said 
member is moved relatively to said anode and 
cathode to valry the extent of Screened electrode 
surface, said movable ninenber being adapted to 
be oscillated by energizing the electromagnetic 
means by the alterinating current that is in 
dependent of the anode-cathode current, tile 
average strength of the discharge being a func 
tion of the amplitude of oscillation of the mov 
able member, While the magnitude of the ann 
plitude of Oscillation is a function of the output 
of the controlling alternating current of constant 
frequency. 

5. A discharge tube comprising a base, a giaSS 
bulb on said base, and electromagnet mounted 
on said base inside Said bulb, a housing in Said 

5 

O 

2 5 

40 

5 5 

60 

65 

70 

bulb, said housing having an aperture therein, 75 



O 

5 

20 

3 5 

2,068,775 
a Cathode located in said housing adjacent said 
aperture, a pair of anodes in said bulb, a re 
Silient Support mounted in said bulb, and a dis 
charge-controlling Screening member carried by 
Said Support between Said Cathode and Said an 
odes and movable alternately to control the Sep 
arate discharge paths betWeen Said anodes and 
Said Cathodes. 

6. A discharge tube comprising a base, a glass 
bulb on Said base, an electromagnet mounted 
On Said base inside said bulb, a hOUSing in Said 
bulb, said housing having an aperture therein, 
a cathode located in Said housing adjacent Said 
aperture, a pair of anodes in Said bulb, a resilient 
Support mounted in said base in Said bulb, and 
a Screening member carried by Said Support 
and adapted to extend between said cathode and 
said anodes, and means for Vibrating Said Sup 
port to move said Screening member into con 
trolling position between said cathode and alter 
nately betWeen Said anodes. 

7. A discharge tube comprising a base, an 
evacuated bulb on said base, a permanent mag 
net with U-shaped body on said base, short cores 
on the limbs of said magnet, coils On said cores, 
blade Springs confronting said cores and attracted 
thereby, said blade SpringS having different nat 
ural frequencies of Oscillation, anodes in the 
form of plates secured to the free ends of Said 
springs, screens having slots therein mounted 
in Said bulb, said anodes being movable through 
said slots, holders on Said base, and flaments 
Supported by said holders, said holders also sup 
porting said screens which are located betWeen 
the filaments and the anodes. 

8. An electron tube having a pair of COOperat 
ing electrodes between which an electron cur 

5 
rent may pass, means for Varying the active area, 
of One of said electrodes including a control Screen 
closely adjacent said. One electrode to exclude the 
adjacent Screened Surface thereof from the dis 
charge between said electrodes, and means for 
effecting relative movement between said one 
electrode and Screen for varying the extent of 
screened electrode surface. 

9. An electron tube having a pair of cooperat 
ing electrodes between which an electron current 
may paSS, means for Varying the electron current 
comprising a housing Surrounding One Of Said 
electrodes having an opening occupied by an ac 
tive face of said one electrode, and a Screen mem 
ber novable acroSS Said Opening and also a CrOSS 
and closely adjacent to the active face of Said 
one electrode to isolate the Screened part of 
the active face thereof from the Current path 
betWeen Said electrodes. 

10. An electron tube having a cathode and a 
pair of anodes, and movable Screening means 
closely adjacent the active areas of Said anodes 
to exclude the adjacent screened areas from the 
discharge path between said anode and cathode 
and movable relatively thereto for alternately 
varying the effective areas of said anodes, 

11. A discharge tube comprising a Cathode and 
anode, a movable Screening member located be 
tween said cathode and Said anode and closely 
adjacent one of them to isolate the adjacent area, 
thereof from the discharge path, and means for 
relatively moving said member and Screened elec 
trode to vary the effective Surface area of the 
electrode that is exposed to the discharge betwen 
said cathode and anode. 
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