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This invention relates to yacuum-tube de 
vices and the circuits associated therewith. 
Particularly, it is concerned with systems in 
which heretofore a plurality of such devices 
have been used. . . . . s 

One object of this invention is to combine 
into a single yacuum-tube device arrange 
ments for performing the functions which 
have heretofore been performed by devices 
using separate vacuum tubes. . . . 

It is a further object of this invention 
to eliminate thé difficulties arising from the 
difference in degree of vacuum in the several 
thermionic devices employed in one system. 

It is a further object of this invention to 
embody in a single vacuum device a set of 
electrodes having the characteristics suitable 
for an oscillation generator and another set 
having characteristics suitable for an ampli 
fier. 

It is still a further object of this inven 
tion to utilize a number of anodes and grids 
with a single cathode and enclose all of these 
electrodes in a single evacuated container. 
I have illustrated various applications of 

the invention. One application has for its 
particular purpose the production of signals 
in two signalling devices so that the signals 
shall reinforce one another, although one of 
them responds to increase of current at the 
same time that the other responds to a de 
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crease of current in one signalling device. 
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crease. A single eyacuated container, with 
its enclosed electrodes, is utilized in this ap 
plication to produce the simultaneous in 
and decrease in the other. 
As a further illustration of the applica 

tion of the invention, I have shown an ar 
rangement in which the single evacuated tube. 
has associated with its electrodes connections 
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whereby a high-frequency current may be 
obtained from a current of lower frequency. Other special applications of the princi 
ple of my invention will be apparent to those 

skilled in the art, and further disclosure of 
the objects already mentioned will be ob 
tained from the following specifications and 
the accompanying drawings: 
In the drawings, Figure 1 is a diagram 

matic illustration of a plurality of sets of 
electrodes associated according to this in 
vention; - 

Fig. 2 is an illustration of another ap plication of the invention; 
Fig. 8 is a diagrammatic illustration of 

another application of the invention; 
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Fig. 4 is a diagrammatic illustration illus 
trating one way in which certain features of 
this invention may be embodied in any of the applications thereof. 65 

Fig. 5 is a further illustration sexing how 
these features of the invention may be re peatedly applied. 
In the embodiment of this invention il 

lustrated in Fig. 1, there are shown three sets. 
of electrodes, each set consisting of three 
electrodes. All of these are enclosed within 
a single container 30 which is evacuated to 
a high degree, as is usual in a thermionic de 
WCe. . 

The left-hand set of electrodes is described 
in detail, but it will be understood that, except 
for the variations pointed out below, all of 
the Several sets of electrodes are like the one 
described in detail. This includes a cathode 
1 of any usual or suitable form but pref 
erably made of a sheet of thin foil of plati 
num, tantalum, tungsten or other suitable 
metal capable of withstanding high tempera 
tures. A lead 5 is sealed through the glass 
Wall of the tube for bringing current to this 
cathode, and a lead 4 sealed through the op 
posite wall of the tube, is connected to the 
filament for conducting current away from it. 
This connection is by means of a spring 6, 
which acts to keep the foil under proper ten 
sion so that it remains fully extended. The 
current through the leads 4 and 5 serves to 
heat the cathode 1, and wires 31 and 32 ex 
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tend within the tube to the other sets of elec 
trodes and connect the respective cathods in 
parallel so that all of the heating current can 
be supplied through one pair of leads. 
The electrode 2 is a grid of any standard 100 
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or desired form. For controlling the poten 
tial of this grid a conductor 7 is sealed 
through one wall of the tube. A spring 9, 
anchored to the opposite wall of the tube, is 

5 also connected to the grid and serves to hold 
it in position. In a similar way, the anode 
3 is supplied, at one end, with a conductor 
8 sealed through one wall of the tube and 
with a spring 10 at the other end anchored to 
the opposite wall. The electrodes 1, 2 and 8, forming the set just described, are spaced 
only a small distance apart. Each of the 
other sets of electrodes include members 
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spaced only a small distance apart, but the 
5 several sets are separated from each other 
by greater spaces and, if desired, a partition, 
such as 33, may be used to divide the container 
into chambers, so that a different degree of 
vacuum may be maintained around some elec 
trodes, or, if desired, different gases may be 
present in the different chambers of the con 
tainer. These partitions are preferably of glass, 
as is the container itself, but they are made 
thinner than the container because the pres 
sure differences which they must withstand 
are small compared with those which the con 
tainer itself must withstand. Where the 
wires 31 and 32 pass through the partition 
33, suitable seals must be provided. 
The invention is suitable for several am 

plifier and vibration-generating systems 
united constructively in the same container 
and yet working separately from each other. 
The three systems of Figure 1 can also be con 
nected and used as has been done with three 
different amplifiers. All the incandescent 
cathodes can for instance be connected in 
parallel and supplied by the same current. 
The arrangement also has the advantage, in 
addition to its simplicity, that disturbances 
through noxious capacities and uncontrol 
lable counter influences of the amplifiers are 
eliminated. 

Placing all of the electrodes within one 
container saves the expense of evacuating 
a number of containers. It has the further 
advantage that the same characteristics may 
be expected at each set of electrodes so that 
the behavior of the several amplifiers is de 
pendent upon only the sizes and spacing of 
their electrodes. The problem of making am 
plifiers of predictable characteristics thus is 
reduced to the purely mechanical one of pre 
determining their dimensions. Moreover, 
enclosing certain of the connections within 
the tube diminishes the chances of unde 
sirable disturbances arising through body 
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ternal conditions. 
In the application of my invention illus 

trated in Fig. 2, a filament 41 serves as a com 
mon cathode for each of two sets of electrodes, 
one of which includes this cathode, the grid 
14 and the plate 16. The other includes this 

capacity or because of other changeable ex 
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cathode, the grid 42 and the plate 43. A 
common container 40 surrounds all five of 
these electrodes. 
The cathode 41 is heated in any usual 

Way, for example, by a small battery. The 
two grids. 14 and 42 are connected by coil 27 upon which the signalling energy is lim 
pressed. This may be done in any of the 
usual Ways or any desired way; for example, 
by a signalling coil 45 in inductive relation 
with the coil 27 and connected into the sig 
nal-receiving circuit. 
The plates 16 and 43 are connected in par 

allel to a battery 29. These connections in 
clude a pair of telephone receivers 11 and 44 
adapted to be simultaneously applied to the 
two ears of the operator. The other pole of 
the battery 29 is connected to the cathode 41. 
In the operation of this application of my 

invention, the signalling energy impressed 
upon the coil 27 causes one of the grids 14 
and 42 to rise in potential while the potential 
of the other is lowered. As a result, the cur 
rent to one of the plates 16 and 43 is in 
creased while the current to the other one 
is diminished. The telephone receivers re 
spond either to an increase or a diminution 
in current, so that the simultaneous changes 
in current in the two parallel paths give audi 
ble results in both telephones. The effect 
upon the operator of the two simultaneous 
Sounds in the two telephones is considerably 
greater than if these two telephones were re 
placed by a single telephone emitting twice 
the energy. The arrangement, therefore, is 
an exceedingly sensitive one and the two tele 
phones together form a very effective trans 
lating device. 
This application of my invention is not 

limited to two telephones but may be used 
in any system where an indicating device is 
controlled by two windings and the indica 
tion is to be given either by an increase of 
current in one winding, a diminution of cur 
rent in the other, or both. For example, the 
two windings of a differential relay may be 
Substituted for the two telephone instru 
ments and the relay will then respond to dif 
ferences in the potentials upon the two grids. 
When no signalling energy is impressed 
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upon the coil 27, the current from the cathode 
41 divides equally between the two plate cir 
cuits, but when signalling energy in the coil 
27 causes the grids 42 and 14 to differ in po 
tential the current no longer divides equally 
between the two plat circuits and, as a re 
Sult, the translating device is actuated. In 
order that the division of the current may be 
properly regulated to produce maximum effi 
ciency in the device, the connection between 
the cathode 41 and the center of the coil 27 
is made adjustable, as shown at 12. 
The principle of my invention may be uti 

lized to advantage in an arrangement for se 
curing an increase in frequency. This is ill 
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lustrated in Fig. 3. In this arrangement, 
the cathode is again designated 1, and there 
are two grids, one on each side thereof, des 
ignated 14 and 42. These grids are connected 
to a coil 27 upon which an alternating cur 
rent is impressed in any desired way. In 
stead of a single battery for the two plate. 
circuits, two batteries 13 and 24 are provided 

inding plates are designated 
15 and 16. A common lead from the filament 
to the two batteries 13 and 24 includes the 
primary winding 55 of a transformer having 
a secondary 26. Shunted across the termi 
nals of this secondary is an adjustable con 
denser. 19. These terminals are connected 
with a pair of grids 17 and 18 adjacent re 
spectively to the grids 42 and 14. The trans 
former also includes another secondary 20 
having across its terminals an adjustable con 
denser 21. - 

If an alternating current is created in the 
coil 27 there will result alternating changes 
of potential upon the grids 14 and 42. When 
the coil tends to make the potential of the 
grid 42 positive, the flow of electrons from 
the cathode 1 to this grid will be sufficient 
to raise the potential not merely of the grid 
but of the whole metallic body composed of 
grid 42, coil 27 and grid 14, together with the 
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connecting leads. Consequently, the positive 
potential impressed upon the grid 42 by the 
current in the coil 27 will have practically 
no effect in increasing the current from the 
grid 42 to the cathode 1. On the other hand, 
the diminution in potential which occurs 
upon the grid 14 at the same time that the positive potential is impressed upon the grid 
42 will result in a diminution of the current 
from the grid 14 to the cathode 1. Another 
way of regarding the action may be stated 
by assuming that at the moment the potential 
of each grid (42 and 14) changes sign, the 
current is already at its saturation value, so 
that the positive charge upon the grid can 
not increase this current but the negative 
charge upon the other grid can diminish the current to that grid. 
Tracing the consequence of these consider 

ations, it will be noted that, during the first 
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quarter period, while the potential of the 
grid 42 changes from a positive maximum 
to zero, the current from the grid 42 remains 
constant, but, during the same quarter pe 
riod, the current from the grid 14 increases 
to a maximum. During the next quarter 
period, while the potential upon the grid 42 
changes from zero to a negative maximum, 
the current from the grid 42 sinks from the 
previous constant value to a minimum, but, 
during this quarter period, the current from 
the grid 14 is constant and at a maximum. 
During the first half period, therefore, the 
total current from the cathode 1 through the 
coil 55 has risen from a minimum to a maxi 

65 mum and again fallen to a minimum. Dur 
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ing the next half period, similar considera 
tions apply except that events occur on the 
opposite electrodes so that the total current 
from the cathode through the coil 55 rises 
again from a minimum to a maximum, and 
again sinks to a minimum. It will, there 
fore, be seen that the period of the changes 
in the current in the coil 55 is half the period of the potential changes impressed upon the 
grids 42 and 14 by the coil 27. The current 
flowing in the coil 55 is, therefore, double the 
frequency of the energy impressed upon the 
coil 27. 2 
In order to take advantage of this, a coil 

316 is provided in inductive relation with the 
col 55 and has a condenser 19 in shunt across 
itzerminal, so that the circuit including the 
ceil 26 and the condenser. 19 can be tuned to 
a frequency double the frequency in the coil 
27. The leads from the terminals of the coil 
26 may go to any external apparatus which 
it is desired to operate by this higher-fre 
quency current. 
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Instead, they may, as illustrated, go to an 
other pair of grids 17 and 18, impressing 
upon them potential changes having twice 
the frequency of those upon the grids 14 and 
42. The changes upon the grids 17 and 18 
will operate to cause an additional doubling 
of the frequency, as may be seen by an analy 
sis similar to that employed in connection 
with the discussion of the action of grids 14 
and 42. The current in the coil 55, there 
fore, includes a component having a fre 
quency four times that of the energy in the 
coil 27. This is utilized by means of the 
coil 20 in inductive relation with the coil 55 
which has a condenser 21 across its termi 
nal. The coil 20 and the condenser 21, be 
ing tuned to a frequency four times that of 
the energy in the coil 27, enables this circuit 
to segregate this higher-frequency current 
and it may be delivered by leads, illustrated 
on each side of condenser 21, going to any 
external apparatus. 
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Vacuum-tube devices which are intended 

to be used as generators of oscillating cur 
rent should be provided with one style of 
grid; tubes which are intended to be used 
as amplifiers are best provided with a dif 
ferent style of grid; while a still different 
style is best suited for tubes which are to be 
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used as detectors. In general, it may be stat 
ed that for each use of a tube there is a style 
of grid which is best suited to that use. In 
tubes such as have been above described, 
where a number of different, grids are em 
ployed within one tube and where the sev 
eral sets of electrodes are intended to serve 
different purposes, it is desirable to have the 
grids differ in style. This has been illustrat 
ed in Figs. 4 and 5. In Fig. 4, two anodes 
63 and 66 are illustrated which may be analo 
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gous to the anodes 43 and 16 of Fig. 2, or to 
any other pair of anodes. The difference 130 
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in style between the corresponding grids 14 
and 42 is represented on the drawings by 
showing one as of fine mesh and the other as 
of coarse mesh but it is to be understood 
that differences not only in mesh but also 
in size and material are within the scope of 
this invention. In the particular use illus 
trated for grids 14 and 42 in Fig. 2, the two 
grids would ordinarily be alike, but, if the 
two translating devices or the two windings 
of one translating device differ in character, 
a corresponding difference in the style of 
grids comes within the spirit of this inven 
tion. 
The several different styles of grid may be 

spaced longitudinally along one filament as 
is illustrated in Fig. 5, where a represents 
one style of grid and b another style of grid. 
Fig. 5 also illustrates ato the use of a two electrode device, no grid being employed. In 
some cases where a thermionic device is used 
as a rectifier, either for a detector or for other purposes, the absence of any grid is a 
desirable arrangement. The spirit of the 
invention includes using such an arrange 
ment in the same tube with the other arrange 
ments described, so that, where different 
styles of grid are mentioned, it is to be under stood as including the case in which no grid 
at all is used. e 
In accordance with the provisions of the 

patent statutes, I have herein described the 
principle of operation of my invention, to 
gether with the apparatus, which I now con 
sider to represent the best embodiment there 
of, but I desire to have it understood that the 
apparatus shown is only illustrative and that 
the invention can be carried out by other 

40 

45 

50 

55 

60 

65 

means. Also, while it is designed to use the 
various features and elements in the combi 
nation and relations described, some of these 
may be altered and others omitted and some 
of the features of each modification may be 
embodied in the others without interfering 
with the more general results outlined, and 
the invention extends to such use. 
I claim as my invention: 1. A vacuum device comprising a plurality 

of sets of electrodes, each set including a 
thermal electrode and cold electrodes dis 
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3. An electrical discharge device compris. 
ing a vacuum-tight container, two sets of 
electrodes in said container, each set includ 
ing a thermal electrode and a cold electrode 
to receive electrons from said thermal elec 
trode and said electrodes distinct from the 
electrodes of the other set and means prevent 
ing the electrons from the thermal electrode 
of one set from reaching the cold electrode 
of the other set. 

4. An electrical discharge device compris 
ing a vacuum-tight container, an incandesci 
ble cathode, control grid and anode therefor 
at one portion of said container, an incan 
descible cathode, control grid and anode at 
another portion of said container, conductors 
for said first-mentioned incandescible cath 
Ode, control grid and anode sealed through 
said container at one portion thereof, con 
ductors for said second-mentioned control grid and anode sealed through said container 
at another portion thereof, connections with 
in said container between said first-men 
tioned incandescible cathode and said second 
incandescible cathode and an intermediate 
Support for said connections comprising a 
partition extending across said container. 

5. An electrical discharge device compris 
ing a vacuum-tight container, an incandesci 
ble cathode, control grid and anode therefor 
at one portion of said container, an incan 
descible cathode, control grid and anode 
therefor, at another portion of said container 
and insulating means separating said two 
sets of electrodes, said insulating means coma 
prising a partition, an electrical connection 
between the cathodes of each set, said parti tion being an intermediate support for said 
connection. SEGMUND LOEWE. 

tinct from the electrodes of the remaining 
sets, an evacuated container surrounding all 
of said electrodes and a partition separating 
part of said sets from the remainder, the 
parts of said container on opposite sides of 
said partition having different degrees of 
vacuum. 

2. An electrical discharge device compris 
ing a vacuum-tight container, an incendesci 
ble cathode, control grid and anode therefor 
at one portion of said container, an incan 
descible cathode, control grid and anode 
therefor at another portion of said container 
and insulating means separating said two 
sets of electrodes. 
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