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My invention relates to thermionic tubes and 
methods of operation thereof and more particu 
larly to vacuum electron tubes and methods of 
Operation thereof, as used in the radio art for am 
plifying, detecting and generating high frequency 
and audio frequency electrical oscillations. 
AS is Well known, the characteristic operating 

curve of Such vacuum tubes, comprising essen 
tially a thermionic cathode, anode and control 
electrode arranged in an evacuated vessel, starts 
out with a very slow rise when the negative grid 
Voltage is decreased and with gradual increase of 
Steepness, until it reaches a point, known as the 
lower bent, from which point on the steepness 
remains practically constant, or, in other Words, 
the curve becomes a straight line. At this value 
of the grid voltage a predetermined uni-direc 
tional thermionic current flows through the tube 
and over the output circuit connected to the anode 
and cathode electrodes. When incoming current 
or potential variations are applied to the grid, 
these are then reproduced in the anode or Output 
circuit by corresponding variations of the afore 
mentioned uni-directional, or, as it will be re 
ferred to hereinafter, Zero anode current. 

This zero anode current, which in the ordinary 
tube as available on the market, has an intensity 
of Several milliamperes, constitutes a loss in that 
it is necessary to operate an amplifying tube 
within the steep or straight line portion of the 
characteristic curve, in order to insure faithful 
reproduction of the anode current variations, in 
accordance with the input current or potential 
variations to be amplified and applied to the grid 
electrode. 
This Zero anode current is objectionable, as it 

increases operating expense by the continuous 
draw and consequent rapid exhaustion of the 
anode battery. Furthermore, in the case of radio 
sets operating directly from alternating current 
supply mains ordinarily available in private. 
hones, it is necessary, because the Zero anode cur 
rent is high, to use larger rectifying tubes and 
Smoothing devices for Suppressing the alternating 
current ripples occurring in the rectified current. 
The high position of the lower bent on the chair 

acteristic curves entails the further disadvantage 
that it is necessary to use dangerously high anode 
voltages. The necessary high voltage also makes 
it impractical to employ a power amplifier in 
portable sets, since the size and weight of neces 
sary batteries would be too great. 
An object of my invention is, accordingly, to 

provide a new and improved tube and a novel 
method of operation thereof. 

(CI. 250-27) 
A further object of my invention is to provide 

novel means for using a vacuum tube to its fullest 
capacity and to improve its operating efficiency. 
Another object of my invention is to provide 

novel means in connection with a thermionic 
Vacuum tube, whereby the Straight line portion 
of the grid voltage-anode current operating char 
acteristic is extended and the amplification factor 
Of the tube increased. 
A further object of my invention is to provide 

novel means in thermionic vacuum tubes for shift 
ing the lower bent of the characteristic operating 
curve towards the region of increasing negative. 
grid Woltage. 

Still a further object of my invention is to pro 
vide novel means whereby a thermionic vacuum 
tube may be operated With a lower anode voltage, 
as compared to voltages required for operation of 
the customary tubes without incurring distortion 
Of the anode Current variations. 
Another object of my invention is to provide a 

thermionic tube, by which, with lower anode volt 
age and anode current, as compared to the ordi 

10 

20 

nary tubes known in the art, the same effect as to 
operating efficiency and faithfulness of reproduc 
tion of input variations is obtained. 
A more specific object of my invention is to de 

sign a vacuum tube System, in which a number of 
individual complementary grid voltage anode cur 
rent characteristic curves are Superimposed, in 
Such a manner that the upper bent of some of 
these curves coincides With the lower bent of One 
or more of other curves, to obtain an extended 
straight line portion of the resultant character 
istic by Superimposition of the individual charac 
teristics. 
These and further objects of my invention will 

become more apparent as the following detailed 
description proceeds, taken in reference to the 
accompanying drawing, in which I have shown 
circuit arrangements and tubes, in which the 
novel feature of my invention may be embodied. 
I Wish it to be understood that the exemplifica 
tions of the invention, as represented by the views 
of the drawing and the description herein, are 
to be regarded as illustrative only of the general 
principle underlying my invention, which, as Will. 
become obvious, is Subject to many modifications. 
coming Within its broad and most comprehensive 
Scope, as eXpreSSed in the appended claims. 

Figure 1 shows a simple circuit arrangement, 
by which my invention may be practiced, utiliz 
ing two vacuum tubes connected in parallel and 
having differently heated cathode electrodes and, 
accordingly, different forms of operating char 
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acteristics for producing an improved resultant 
characteristic in the common output circuit. 

Figure 2 shows Some curves explanatory of the 
novel effect obtained by an arrangement in ac 
cordance With Figure 1. 

Figure 3 is a similar circuit to Figure 1, where 
by an inductive connection of the output cir 
cuits of the tubes is employed in place of a direct 
connection, as in accordance with Figure 1 and 
in which different characteristics for both tubes 
are obtained by providing filaments of different 
Structure or composition. - 

Figure 4 shows a further modification of a 
circuit according to Figure 3, in which also the 
grid circuits of both vacuum tubes are connected 
by inductive means. - 

Figure 5 illustrates another embodiment of my 
invention, showing a single tube in which two 
filaments of different structure or composition 
COOperate With a common anode and grid elec 
trode, to produce the novel effect, according to 
the invention. 

Figure 6 illustrates a further example by which 
the desired effect, in accordance with my inven 
tion, may be obtained in a single tube, by provid 
ing a filament divided into different portions, 
each of which exhibits different characteristics. 

Figure 7 illustrates curves explanatory of the 
theoretical operation of a tube, in accordance with Figure 6. 

Similar reference numerals refer to similar 
elements throughout the different views of the drawing. 
In order to improve the operating characteris 

tic of a vacuum tube, as pointed out in accord 
ance with my invention, I may, for instance, 
couple the anode circuit of an amplifying tube 
to the anode circuit of a further amplifying tube 
of less power controlled by the same input cur 
rent and whose anode current reaches its condi 
tion of Saturation on or about the point at which 
the steepness of the characteristic curve of the 
first tube becomes constant, or, in such a manner 
that the upper bent of the second tube approxi 
mately coincides with the lower bent of the first 
tube, whereby on account of the opposite curva 
tures of both curves, a compensation of the cur 
Vature takes place by superimposition and a prac 
tically straight line resultant characteristic is 
obtained. 
The coupling of both anode circuits may be 

either inductive, capacitative, or direct. In place 
of a direct coupling of the anodes, the cathodes 
and the grid electrodes may also either be coupled 
inductively, or capacitatively, or vice versa, the 
primary object of the invention being to super 
impose both anode currents so as to compensate 
each other as to their curvature and to obtain a 
resultant straight, or nearly straight line char 

By proper choice of the second tube 
and, eventually, also of the associated elements, 
this aim may be approached to Such a degree 
that the deviations from a purely straight line 
will be practically negligible. 

. . . The simplest arrangement consists in a par 
allel connection of two or more tubes, Such as is 
illustrated in Figure 1 of the drawing. Referring 
to this figure, I have shown two vacuum tubes 
f, 2, having cathodes 4 and 5 and grid electrodes 
6 and 7 and anodes 8 and 9, respectively. Both 
tubes are directly connected in parallel and are 
controlled by a common Source of input currents 
shown at 3, which may, for instance, be the in 
coming oscillations of a radio receiver, or the 

accordance with the invention. 
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Voice currents originating from a microphone, 
Or the signal currents derived from a detector 
circuit, or the like. I have shown at 5 a grid 
biasing battery for adjusting the proper nega 
tive grid potential for operating the tube at the 
Steep portion of its operating characteristic. I 
have, furthermore, shown a common output cir 
cuit for both tubes, including an anode or B bat 
tery 3 for supplying the thermionic discharge 
Current and a translating device for utilizing the 
amplified current variations, such as a telephone 
or a loud speaker 4, in case the amplifier is to 
be used in connection with a radiophone receiv 
er, public address system, etc. - 
In accordance with the present invention, I 

provide means whereby both tubes exhibit differ 
ent Operating characteristics and, in the case of 
Figure 1, I accomplish this aim by adjusting the 
heating currents of both tubes differently, by 
means of Separate variable assistances O and , 
provided for each of the tubes, respectively. A 
Common heating current supply source f2 serves 
to provide the necessary heating energy. 

Referring to Figure 2, I have shown at b a 
characteristic curve-thermionic discharge cur 
rent i, flowing from cathode to anode as a func 
tion of the potential eg applied to the grid elec 
trode, the anode potential 3 being kept con 
stant-as may be obtained with tube according 
to Figure 1, heated to very low cathode tempera 
ture. As is seen, the thermionic current i grad 
ually increases until it reaches its saturation value 
at a point B. By operating tube 2, according to 
Figure 1, with a high emitting temperature, I may 
obtain a curve as shown in a in Figure 2, which 
has the lower bent A approximately coinciding 
With the upper bent or saturation point B of the 
Curve b. By superimposition of both curves a 
and b, a resultant curve c is obtained for the com 
mon output circuit, which, as is seen, has an in 
Creased range covering its straight line portion 
and a lower bent C shifted towards the region of decreasing negative grid voltage e. 

It is readily seen that by this COImpensation 
the aforementioned drawbacks inherent in the 
common vacuum tubes have been OVercome. The 
Compensation has the further effect, as is seen, 
Of extending the steep portion of the character. 
istic in a direction which permits an increasing 
negative grid Voltage, which enables an increase 
of the negative grid bias 5, according to Figure 
1 and, accordingly, results in a decrease of uni 
directional or zero anode loss current. 

Referring to Figure 3, I have shown an alter 
native arrangement for obtaining the object in 

This arrange 
ment is similar to Figure 1 and differs only from 
the latter in that the anode circuits of the tubes 
? and 2 are coupled inductively by means of 
transformer 6 and 7 in place of a direct coup 
ling, according to Figure 1. I have also shown 
an alternative manner in this figure for obtaining 
different characteristics of the tubes, in that tube 

is shown with a filament of different composi 
tion (indicated by heavy lines as compared to 
filament 5 of tube 2). Thus, for instance, fila 
ment 4 of tube , which may be an ordinary 
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tungsten filament of the old type, which will 
have a curve similar to curve b according to 
Figure 2, whereas filament 5 of tube 2 is of the 
oxide or thoriated type, as at present used ex 
tensively in vacuum tubes and which will provide 
an operating curve similar to curve a in accord 
ance with Figure 2, in such a manner that, by 
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2,040,341 
superimposition, a similar effect is obtained in 
the comon output circuit, as by the arrangement 
of Figure 1. I have shown, for the sake of clearer 
illustration, two separate heating batteries 2 and 
f2' for the tubes and 2 respectively. 

In Figure 4 I have shown a circuit in which 
the grid circuits are also coupled inductively by 
means of transformers 8 and 9. It is advisable 
to use different ratios of the primary to secondary 
windings of the transformers 6, 7, 8, and 9, 
as shown by different number of winding turns 
in the drawing, in view of the fact that the cur 
rents carried by the tubes are largely different 
from each other. By properly choosing the trans 
former ratio of transformers 6 to 9, a proper 
and proportionate Superimposition in the out 
put circuit, also as to amplitude of the currents, 
is obtained. 
* The filament of both tubes may be connected 
either in parallel, as shown in Figures 1, 3, 5, or 
they may also be connected in Series, as in Figure 
4. The parallel connection of the filaments pre 
sents the advantage that the heating currents for 
both tubes may be adjusted independent of each 
other. The series connection of the filaments, on 
the other hand, has the advantage that the 
mean cathode voltages, in respect to the grid, 
are different from each other, which enables a 
better adaptation of the tubes to the most favor 
able operating conditions. In case of a parallel 
connection, this latter aim could only be accom 
plished by using additional resistances. 

Referring to Figure 5, this illustrates an 
example of how a single tube may be used in 
place of different tubes. This tube includes two 
filaments of different construction, similar to 
filaments 4 and 5 of the tubes, in accordance with 
Figure 3. Both filaments cooperate with a com 
mon anode and grid electrode and are heated by 
the same battery 2 and provided with separate 
filament heating resistances 0 and respec 
tively. It is obvious that the operation of this 
tube is similar to the operation of the arrange 
ments according to Figures 1 and 2, the only dif 
ference being the inclusion of the tube electrodes 
in a common Wessel, in place of using two different 
Wessels. 

In place of using filaments of different ma 
terial, as referred to in the above example, fila 
ments of the same material may be used, heated 
to different temperatures, such as by properly ad 
justing heating resistors 0 and f f, or by using 
filaments of different cross section heated by the 
Same current as shown in Figure 4. 
The invention may, furthermore, be practiced 

in an easy manner, by using a single tube with 
a single filament, which is comprised of dif 
ferent portions having different electron emis 
Sivity. This I have illustrated in Figure 6, where 
in a tube 25 comprises a filament having three 
portions 20, 2, and 22, which may, for instance, 
be of different cross section, Such as indicated 
Schematically, thus being heated to different tem 
peratures and, accordingly, having different 
electron emissivity. The cathode cooperates with 
a single anode 24 and grid electrode 23. 

Referring to Figure 7, which shows curves 
explanatory of the operation of the tube accord 
ing to Figure 6, similar to curves of Figure 2, 
fi represents the characteristic corresponding 
to the portion 20, Which has the largest diameter 
and, accordingly lowest emitting temperature. 
Curve fa in the same manner corresponds to the 
portion 2 of the filament of less diameter and, 
accordingly, of higher emitting temperature and 

3 
increased emission, whereas curve f3 corresponds 
to the portion 22 having the highest emissivity. 
The resultant thermionic discharge current has 
a characteristic, as illustrated at R, which is ob 
tained by superimposition of the curves fi, f2, 
and fs and which, as is seen, possesses the same 
advantageous characteristics as outlined in con 
nection with the previous figures. Instead of us 
ing a filament of like material and portions of 
different cross sections, as shown in Figure 6, 
the same effect may be obtained, as will be ob 
vious, by using a filament with portions of dif 
ferent composition, such as, for instance, by 
using a tungsten filament, a portion of which, 
Such as portion 2, according to Figure 6, is 
covered with a thorium layer, or another portion, 
Such as portion 22, according to Figure 6, of which 
carries an Oxide layer, all these different ma 
terials, as is well known, possessing different emit 
ting characteristics, thus producing a number 
of individual characteristics of the same rela 
tive configuration as according to Figure 7. 

I Wish it to be understood that I do not desire 
to be limited to the exact detail of construction 
as shown and described, for obvious modifica 
tions Will occur to a person skilled in the art. . 
What I claim is:- 
1. In an electron tube, comprising an evacu 

ated vessel, at least two thermionic cathodes hav 
ing different electron emitting characteristics 
Within Said vessel, a common control electrode and 
an anode electrode cooperating with said cath 
Odes, to produce two discharge components of 
different emission characteristics, means for sep 
arately heating said cathodes a common output 
circuit connected to said cathodes and said anodes 
and a common input circuit connected to said 
Cathodes and said control electrode, the output 
Current component Supplied from one of said cath 
Odes being modified at a predetermined portion 
of its operating characteristic by the output cur 
rent Supplied from said other cathode at a differ 
ent predetermined portion of its operating char 
acteristic. 

2. In an electron tube System, comprising an 
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evacuated vessel, at least two thermionic cathodes . 
having different electron emitting characteristics 
Within Said vessel, a common grid electrode and a 
common anode cooperating with said cathodes, 
means for separately heating said cathodes 
Whereby the electric discharge components from 
each of Said Cathodes to said anode have different 
Operating characteristic curves, a common input 
circuit connected to said cathodes and to said 
grid and a common output circuit connected to 
Said Cathodes and said anode, the curvature of the 
bent at the end of the straight portion of the 
Operating characteristic of one of said compo 
nents being compensated by a curvature of oppo 
Site Sign of the characteristic of said other com 
ponent. 

3. In an electron tube, comprising an evacu 
ated vessel, at least two thermionic cathode elec 
trodes within said vessel, a common grid electrode 
and a common anode cooperating with said cath 
Odes, design and operating conditions of said 
Cathodes being chosen in such a manner that the 
thermionic discharge components from each of 
Said Cathodes to said anode has a different grid 
voltage anode current characteristic extending 
the Straight line portion of the resultant chair 
acteristic by compensating the curvature of one 
of Said component characteristics by the curva 
ture of Said other component characteristic, a 
Common input circuit connected to said cathodes 
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and said grid and a common Output circuit con 
nected to said cathodes and said anode. 

4. In a thermionic discharge tube, comprising 
an evacuated vessel, at least two thermionic 
cathodes within said vessel, means for separately 
heating said cathodes, a common grid electrode 
and a common anode cooperating with said cath 
Odes, design and operating conditions of said cath 
Odes being chosen in Such a manner that the 
lower bent of the grid voltage anode current 
characteristic of the thermionic discharge com 
ponent from one of said cathodes to said anode 
coincides with the upper bent of the grid voltage 
anode current characteristic of Said other thers 
mionic discharge component from Said other 
Cathode to Said anode for extending the straight 
line operating portion of the resultant discharge 
characteristic. 

5. In an electron tube comprising an evacu 
ated vessel, at least two cathode electrodes with 
in said vessel, means for separately heating said 
Cathodes, Common control and anode electrodes 
cooperating with said cathodes to produce dis 
charge current components of different charac 
teristics, the design and operating conditions of 
said tube being chosen in Such a manner that the 
Output current component supplied from one of 
said cathodes is modified at a predetermined 
point of its operating characteristic by the output 
current component supplied from the other cath 
ode at a different predetermined point of its op 
erating characteristic, 

6. In an electron tube system comprising an 
evacuated vessel, at least two cathode electrodes 
Within said vessel, a common grid and anode 
electrode cooperating with said cathodes, the 
design of Said tube electrodes and the Operating 
conditions being chosen in such a manner that 
the electric discharge current components from 
said Cathodes to Said anode have different Oper 
atting characteristics and With the positive curva 
ture of the characteristic of One component Con 
pensating the negative curvature of the charac 
teristic of the other component for extending the 
downward straight line portion of the resultant 
characteristic, a common input circuit connected 
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to Said Cathodes and to Said grid and a com 
mon output circuit connected to said cathodes and 
to Said anode. 

7. In an electron tube system as described in 
claim 6, a common heating battery for Said tubes 
and separate heating resistors for each of the 
tubes for adjusting different emitting tempera 
tureS. 

8. In an electron tube System as described in 
claim 6 in which the cathode of said tubes are 
of different cross section and a common heating 
Source for Said Cathodes. 

9. In an electron tube System as described in 
claim 6 in which the cathodes of said tubes have 
different electron emissivity and a common heat 
ing battery for said cathodes. 

10. A discharge device comprising an envelope, 
a plurality of cathodes, a common anode and a 
common control electrode therein, said cathodes 
producing a plurality of discharge components 
of different current-Voltage characteristics, an 
output circuit connected between said cathodes 
and Said anode, an input circuit connected be 
tween said cathodes and said control electrode, 
the discharge component from one of Said cath 
odes being modified at a predetermined portion 
of its operating characteristics by another of said 
discharge components at a different portion of 
its operating characteristics. 

2,040,341 
11. A discharge device comprising an envelope, 

a plurality of cathodes, a common anode and a 
common control electrode therein, said cathodes 
producing a plurality of discrete discharge com 
ponents of different current-voltage character 
istics, the curvature at the end of the sloping 
portion of the discharge characteristic of one of 
Said components being compensated by a curva 
ture of opposite sign of the characteristic of 
another of said discharge components for ex 
tending the sloping portion of the resultant char 
acteristic curve of all of said discharge compo 
nents from said cathode to said anode. 

12. A discharge device having a plurality of 
cathodes and a common anode and a common 
control electrode, said cathodes having different 
current-voltage characteristics, whereby the cur 
wature of the bent at the end of the sloping por 
tion of one characteristic produced by the dis 
charge component of one of said Cathodes is 
compensated by a curvature of opposite sign in 
the characteristic of another of said cathodes for 
extending the straight line portion of the com 
bined characteristic resulting from the discharge 
currents from all of said cathodes to said anode. 

13. In combination with an electronic amplifier, 
means for producing a plurality of individual 
electron discharge streams each having a separate 
cathode, means for simultaneously controlling 
Said Streams in accordance with input signals, 
means for Superimposing said streams in a com 
mon output circuit, further means for varying 
the electron emitting properties of each of said 
cathodes for modifying the current-voltage char 
acteristic of each of Said streams for compensat 
ing in the resultant Superimposed current the ef. 
fect of the curvature of the bent at the end of 
the sloping portion of the characteristic individ 
ual to One of Said streams by a curvature of oppo 
Site sign to said first curvature of the character 
istic individual to another of said streams for 
extending the sloping portion of the resultant 
characteristic of all said superimposed electron 
Streams. 

14. In combination with a discharge amplifier, 
means for Setting up a plurality of discharge 
Streams each having a separate cathode, means 
for Simultaneously controlling said streams in ac 
Cordance with input signals, further means for 
Superimposing Said Streams in a common output 
circuit, and means for varying the emission 
characteristic of said cathodes for modifying the 
Current-Voltage characteristic of each of said 
Streams for compensating the curvature at the 
end of the sloping portion of one characteris 
tic individual to one of Said streams by a curva 
ture of opposite sign to said first curvature of the 
characteristic individual to another of said 
Streams. - 

15. In combination with an electronic amplifier, 
means for producing a plurality of electron dis 
charge currents each having a separate cathode, 
means for simultaneously controlling said elec 
tron currents in accordance with input signals, 
a common output circuit for Superimposing all 
of Said electron currents, and means for varying 
the electron emission characteristic of each of 
Said Cathodes for modifying the current voltage 
characteristics of said electron currents for com 
pensating the curvature at the end of the sloping 
portion of one characteristic individual to one 
of Said currents by a curvature of opposite sign 
of another characteristic individual to another of 
Said electron currents. 

16. In a discharge device having a plurality of 
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thermionic cathodes with means for separately 
heating the same and a common anode and a 
common control electrode, said cathodes having 
different discharge characteristics whereby the 
upper bent of the characteristic of one component 
discharge from one cathode coincides With the 
lower bent of the characteristic of another dis 
charge component from another Cathode for ex 
tending the straight line portion of the resultant 
characteristic of the resultant discharge from all 
of Said cathodes. 

17. A discharge System comprising means for 
producing a plurality of discharge streams each 
having a separate incandescent cathode; a com 
mon controlling and a common anode electrode 
for said discharge streams, Said cathodes having 
different electron emitting characteristics where 
by the upper bent of the current-voltage char 
acteristic of the discharge stream from one of said 
cathodes coincides with the lower bent of the 
current-voltage characteristic of the discharge 
stream from another of Said cathodes for extend 
ing the straight line portion of the resultant char 
acteristic obtained from superimposing said dis 
charge stream in the common anode circuit. 

18. A discharge System comprising means for 
producing a plurality of electron discharge 
streams each having a separate incandescent 
cathode, said cathodes being separately and dif 
ferently heated to secure different current-volt 
age characteristics of the respective discharge 
streams emitted from Said Cathodes Whereby the 
upper bent of one of said characteristics coin 
cides With the lower bent of another of Said chair 
acteristics and common means for controlling 
and collecting said discharge streams into a single 
Output current. 

5 
19. A Space discharge device comprising means 

for producing a plurality of electric discharge 
streams each stream having a separate cathode, 
a current Source for heating said cathodes, each 
of said cathodes having an individual emitting 
characteristic for a temperature corresponding to 
a predetermined current density different from 
the emitting characteristic for the same current 
density of any of the other of said cathodes, and 
means for commonly controlling and combining 
said discharge streams into a composite output 
Current. 

20. A space discharge system comprising means 
for producing a plurality of electron discharge 
streams each of said streams having a separate 
incandescent cathode, means for simultaneously 
heating said cathodes to constant but different 
emitting temperatures to Secure current-voltage 
characteristic curves of different shape for each 
of said electron discharge streams, and means 
for controlling and combining Said discharge 
streams into a common output current. 

21. A Space discharge arrangement compris 
ing means for producing a plurality of electron 
discharge streams, a separate cathode for each 
of Said electron streams, means for controlling 
and combining said electron streams into a com 
posite output current, each of Said cathodes hav 
ing an individual electron emitting character 
istic to secure a current-voltage operating char 
acteristic curve for each of said electron dis 
charge streams of different shape from the cur 
rent-Voltage characteristic curves for all of Said 
other electron discharge streamS. 
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