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To all whom it may concern: 
Be it known that I, HENDRIK J. v AN 

JER BIJL, a subject of the King of Great 
Britain, residing at New York, in the county 
of New York, State of New York, have in 
vented certain new and useful Improve 
ments in Electron-Discharge Devices, of 
which the following is a full, clear, concise, 
and exact description. 
This invention relates to circuit arrange 

ments for electron discharge devices such 
as vacuum tube amplifiers, and more par 
ticularly it relates to such circuits wherein 
vacuum tubes are employed having more 
than three electrodes. 
An object of this invention is to provide 

an improved method and means for in 
creasing the amount of amplification ob 
tainable from a vacuum tube. Other objects 
will be apparent from the explanation of 
this invention hereinafter given in detail. 

In its specific aspect this invention relates 
to vacuum tubes of the type wherein the 
electron current between a cathode and an 
anode is controlled or varied by a third or 
control electrode, which may take the form 
of a grid interposed between the cathode 
and anode. Variations in the potential of 
the third electrode produce corresponding 
variations in the cathode-anode current, 
whereby the tube may, by connections well, 
known in the art, be made to function as a 
detector, amplifier, repeater, modulator or 
generator of electric currents. 
In accordance with this invention, two 

auxiliary electrodes are employed in addi 
tion to the cathode and anode of the vacuum 
tube. In one specific embodiment of this 
invention the two auxiliary electrodes con 
sist of two grids interposed between the 
cathode and anode, while in another em 
bodiment the two auxiliary electrodes con 
sist of a grid and a heated filament. One 
of the grids may be employed as the usual 
control electrode for producing the desired 
variations in the space current, while the 
second auxiliary electrode, which, as above 
described, may be either a cold electrode 
such as a grid or a heated electrode such as 
a filament, is employed as an additional out 
put circuit electrode. By employing the 
second auxiliary electrode as an auxiliary 
output electrode, the outgoing circuit from 
the tube may be made to be cumulatively 
responsive to variations in the anode-cath 

Ode current as well as to the variations in the Space current flowing to the auxiliary 
Output electrode. 
In the preferred embodiment of this in 

vention, the second auxiliary electrode is 
located adjacent the cathode and is main 
tained at a positive potential with respect 
to the cathode. This arrangement greatly 
decreases the amount of space charge in the 
region adjacent the cathode, produced by 
the concentration of electrons around the 
cathode, and thereby produces a consider 
able decrease in the space resistance of the 
tube, -a, result which is greatly to be de 
sired on account of the fact that with a 
given set of conditions the lower the space 
resistance between the anode and cathode, 
the higher will be the amount of amplifica 
tion obtained from the tube. 

If desired, the potential difference be 
tween the cathode and the second auxiliary 
electrode may be made sufficient to cause 
Secondary electron emission from the second 
auxiliary electrode so that the outgoing cir 
cuit from the tube may be made responsive 
to variations in the secondary electron emis 
sion, as well as to variations in the electron 
emission from the cathode. 
This invention will be better understood 

by reference to the following detailed de 
Scription taken in connection with the ac 
companying drawings, in which Figure 1. 
represents a circuit arrangement of this in 
vention in which the variations in the space 
current flowing to the second auxiliary 
electrode and the anode are impressed on 
the outgoing circuit; Figure 2 is a modifi 
cation thereof, in which the variations in 
the space current flowing to the second aux 
iliary electrode are impressed back on the 
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input circuit of the tube whereby the tube . 
may be employed as a feedback amplifier 
or a regenerator; Figure 3 illustrates a form 
of this invention in which the auxiliary. 
electrode, employed as the control electrode, 
is located between the cathode and the aux 
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iliary output circuit electrode; and Figure 
4 is a modification of Figure 3 in which the 
second auxiliary electrode consists of a 
heated filament. * . 

Figure i illustrates a form of this inven 
tion in which the vacuum tube 6 is employed 
as an amplifier or repeater for impressing 
on the outgoing line 7, amplified signals im 
pressed on the tube from the incoming line 
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8. Vacuum tube 6, besides containing the 
usual cathode 9, control electrode 10 and 
anode 11, also contains an auxiliary elec 
trode 12, which is employed as an auxiliary 
output circuit electrode. Incoming signals 
from line 8 are impressed on control elec 
trode 10 by the input transformer 15. 
Wariations in the space current flowing to 
anode 11 are impressed on outgoing line 7 
by transformer 16, while variations in the 
space current flowing to the second aux 
iliary electrode 12 are impressed on the out 
going line by a transformer 17. It is ob 
vious that transformers 16 and 17 may be 
replaced by one transformer having a plu 
rality of windings. 18 is a source of voltage 
for maintaining a potential difference be 
tween the anode 11 and cathode 9, and 19 
is a source of voltage for maintaining a po 
tential difference between the second aux 
iliary electrode 12 and cathode 9. The po 
tentials of these two sources should prefer 
ably be adjusted to maintain anode 11 at a 
positive potential with respect to the second 
auxiliary electrode 12. Control electrode 
10 is normally maintained at a negative po 
tential with respect to cathode 9 by means 
of a source of voltage 14. 
With such a circuit arrangement, part 

of the electron current from cathode 9 will 
flow to the second auxiliary electrode 12 
and the remainder will flow to the anode 
11, the amount flowing in each case being 
dependent upon the potential of the con 
trol electrode 10. If, now, the potential 
of control electrode 10 should increase, for 
example, due to an impressed signal from 
line 8, the electron flow to the anode will 
be increased, while the electron flow to the . 
auxiliary electrode 12 will be decreased. 
Since the current flow to the anode 11 and 
to the auxiliary electrode 12 are differen 
tially related with respect to line 7, it fol 
lows that an increase in one of the currents 
and a decrease in the other of the currents 
will produce an additive or cumulative ef 
fect on line . Incoming signals impressed 
on control electrode 10 will therefore pro 
duce amplified variations in the current 
flowing in the primary windings of trans 
formers 16 and 17, thereby producing cor 
responding changes in the current in out 
going circuit. y 
By employing an auxiliary output circuit, 

electrode, such as 12, greater amplificatidis. 
is obtained than can be secured from a 
vacuum tube of the three electrode type. 
The high output circuit impedance of a 
vacuum tube of the three electrode type is 
due chiefly to the space charge produced 
by the concentration of electrons around 
the filament. By inserting an auxiliary 
electrode 12 adjacent the cathode and 
maintaining the auxiliary electrode at a 
positive potential with respect to the 

Wacuum tube 20 is similar to 
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cathode, the potential difference between 
the two electrodes may be made such as to 
give practically a saturation current for the 
cathode, thereby preventing the undesired 
concentration of the electrons around the 
filament and causing a substantial decrease 
in the output impedance of the tube. 
it has been found that with a given set of 
conditions the lower the output circuit im 
pedance the higher the amount of amplifi 
cation obtained, it follows, as above stated, 
that a vacuum tube, such as tube 6, will 
impress on outgoing ine a more highly 
amplified form of the incoming signals 
from line 8 than it is possible to obtain by 
a vacuum tube of the three electrode type. 

If desired, the potential difference be 
tween the auxiliary electrode 12 and the 
cathode 9 may be made sufficient to cause 
auxiliary electrode 12 to emit secondary 
electrons which will flow to anode 11, since 
anode 1 is maintained at a positive poten 
tial with respect to electrode 12. Under 
such conditions, signals impressed on con 
trol electrode 10 will produce variations in 
the primary electron current flowing to 
auxiliary electrode 12 and to anode 11 and 
will also produce similar variations in the 
secondary electron emission flowing to the 
anode 11. Outgoing ire will herefore 
be responsive to the variations in these three 
CurrentS. 
The values which atteries 18 and 19 

should have depend upon severai factors, 
chiefly upon the relative spacing of the 
electrodes and upon the ineness of the grid 
mesh. In one case where secondary electron 
emission was not desired and where grid 
12 was closely adjacent the fiament, satis 
factory results were obtained when battery 
19 was 10 volts and battery 18 was 50 volts 
or more. On other cases where secondary 
electron emission was desired battery 19 
was given values between 20 and 100 volts, 
while battery 18 was assigned values in each 
case exceeding by 50 volts or more the volt 
age of battery 19. 

Figure 2 illustrates how the electron cur 
rent flowing to the second auxiliary elec 
trode may be employed to impress potentiai 
variations back on the input circuit of the 
tube, whereby the tube may be exaployed as 
a feed back amplifier or a regenerator. 

the vacuum 
tube 6 of Figure 1 and comprises a cathode 
21, anode 22, control eiectrode 23, and an 
auxiliary output circuit electrode 24. In 
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Figure 2, however, the auxiliary output cir 
cuit electrode 24 is located between the con 
trol electrode and the anode instead of be 
tween the control electrode and the cathode, 
as in Figure 1. It is to be understood of 
course, that the arrangement of Figure 1 
may, if desired, be employed as a feedback 
amplifier circuit similar to that shown in 
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Figure 2. Batteries 26 and 27 are employed 
for maintaining auxiliary electrode 24 and 
anode 22 at positive potentials with respect 
to the cathode. As in Figure 1, the poten 
tials of these two batteries should be such 
as to make anode 22 positive with respect 
to auxiliary electrode 24. 

Signal variations impressed on control 
electrode 23 from line 28 will cause corre 
sponding variations in the space current 
flowing to the auxiliary electrode 24 and 
to the anode 22. The variations in the space 
current flowing to electrodes 22 and 24 by 
transformer 29 are impressed back on the 
input circuit of the tube, whereby still 
greater variations will be made in the space 
current flowing to anode 22 before being 
impressed on the outgoing line 30. In or 
der to prevent tube 20 from singing, an ad 
justable resistance 31 is shunted around the 
secondary of transformer 29, whereby the 
energy fed back into the input circuit of 
the tube may be limited to such an amount 
that singing is prevented. It is apparent, 
however, that if it is desired to employ tube 
20 as a generator of oscillations, resistance 
31 may be made to have such a large value 
that the energy fed back is large enough to 
cause tube 20 to sing or produce oscilla 
tions. 
The modification illustrated in Figure 3 

is similar to that of Figure 2 except that 
the variations in the space current flowing 
to the auxiliary electrode 24 are impressed 
on the outgoing line 35, in addition to the 
variations produced in the space current 
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flowing to the anode 22. Transformer 36 
is employed for impressing on line 35 va 
riations in the current flowing to anode 22, 
and transformer 37 is employed for impress 
ing on line 35 variations in the space cur 
rent flowing to auxiliary electrode 24. Out 
going line 35 is therefore cumulatively re 
sponsive to variations in the space current 
flowing to these two last-mentioned elec 
trodes. 

If desired secondary electron emission 
may be produced from auxiliary electrode 
24 by making source of voltage 26 suffi. 
ciently large. As in Figure 1, variations in 
the amount of secondary emission will be 
impressed on the outgoing line. 

In Figures 1, 2 and 3 the auxiliary out 
put circuit electrode is shown to be in the 
form of a grid interposed between the anode 
and the cathode. In Figure 4, however, the 
auxiliary output circuit electrode is shown 
to be in the form of a heated electrode 45. 
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Figure 4 is otherwise similar to Figure 3. 
If desired, the source of voltage 46, located 
between the second auxiliary electrode 45 
and cathode 47, may be of such a value as 
to cause secondary electron emission from 
the electrode 45, due to the electron bom 
bardment from cathode 47. Since anode 48, 

by means of source of voltage 49, is main 
tained at a positive potential with respect 
to auxiliary electrode 45, this secondary elec 
tron emission will flow to the anode 48. 
Outgoing line 50 will therefore be respon 
sive to the primary electron current flowing 
to auxiliary electrode 45 and to anode 48, 
and will also be responsive to variations in 
the secondary electron emission flowing to 
anode 48. 

It is obvious that other modifications of 
this invention will be apparent to those 
skilled in the art without departing from 
the Spirit of this invention as defined in 
the appended claims. 
What is claimed is: 
1. In an electric system, a vacuum tube 

having an anode, a cathode and an auxiliary 
electrode, external circuit connections be 
tween said anode and cathode and between 
Said cathode and said auxiliary electrode. 
means for establishing space current to said 
anode, means for establishing space current 
to said auxiliary electrode, a control mem ber for controlling said space current, and 
means responsive to changes in the space 
current flowing to said anode and respon 
sive to changes in the space current flowing 
to said auxiliary electrode produced by va 
riations in the potential of said control 
member. 

2. In an electric system, a vacuum tube 
having an anode, a cathode and an auxiliary 
electrode, external circuit connections be 
tween said anode and cathode and between 
said cathode and said auxiliary electrode, 
means for maintaining said auxiliary elec 
trode at a positive potential with respect to 
Said cathode, whereby space current to said 
auxiliary electrode is established, means for 
maintaining said anode at a positive poten 
tial with respect to said auxiliary electrode, 
whereby space current to said anode is es: 
tablished, a control member for controlling 
Said. Space current and means responsive to 
changes in the space current flowing to said 
anode and responsive to changes in the space 
current flowing to said auxiliary electrode 
produced by variations in the potential of 
said control member. 

3. In an electric system, a vacuum tube 
having an anode, a cathode and an auxiliary 
electrode, external circuit connections be 
tween said anode and cathode and between 
said cathode and auxiliary electrode, means 
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for establishing a flow of direct current to 
said anode and to said auxiliary electrode, 
said anode being maintained at a positive 
potential with respect to said auxiliary elec 
trode, a control member for controlling said 
space current, and an outgoing line respon 
sive to variations in the space current flow 
ing to said anode and to said auxiliary elec 
trode produced by variations in the poten 
tial of said control member. 
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4. In an electric system, a vacuum tube 
having an a rode, a cathode and an auxiliary 
electrode, external circuit connections be 
tweén said anode and said cathode and be 
tween said catiodie and auxiliary electrode, 
means for establishing space current to said 
anode and to said auxiliary electrode, said 
anode being maintained at a different poten 
tial with respect to said auxiliary electrocle, 
connections for impressing signaling cur 
rents upon said tube, and means responsive 
to changes in the space current flowing to 
said auxiliary electrode and to said anode 
produced by the impression of the signaling 
currents upon said tube. Y - . 

5. in an eectric system, a vacuum tube 
having an anode, a cathode and an auxiliary 
electrode externai circuit connections be 
tween said anode and said cathode and be 
tween said cathode and auxiliary electrode, 
means for estabiishing space current to said 
anode and &o said auxiliary electrode, a con 
trol meaber for controlling said space cur 
rent, said anode being maintained at a dif 
ferent potential with respect to said aux 
iliary electrode, an outgoing line, and in 
ductive means for impressing on said line 
changes in the space current flowing to said 
anode and to said auxiliary electrode. 

6. In an electric system, a vacuum tube 
having an anode, a cathode, an auxiliary 
electrode, means for establishing space cur 
rent to said anode and means for establish 
ing space current to said auxiliary electrode, 
a control member for controlling the said 
space current, an electric circuit, and means 
for impressing on said circuit variations in 
the current flowing to said auxiliary elec 
trode. 

7. In an electric system, a vacuum tube 
having an anode, a cathode, an auxiliary 
electrode interposed between said anode and 
cathode, means for establishing a flow of 
direct current to said anode and to said aux 
iliary electrode, a control member for con 
trolling said space current, an electric cir 
cuit, and eans for impressing on said cir 
cuit variations in the current flowing to said 
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auxiliary electrode. 
8. in an eiectric system, a vacuum tube 

having an anode, a cathode, an auxiliary 
electrode, means for establishing space cur 
rent to said anode, means for establishing 
space current to said auxiliary electrode, a 
control Enenber for controlling said space 
current, an outgoing circuit, an electric cir 
cuit, and means for impressing upon one of 
said circuits variations in the current flowing 
to said anode and means for impressing upon 
one of said circuits variations in the current 
flowing to said auxiliary electrode. 

9. He an electric system, a vacuum tube 
having alia arodie, a cathode, an auxiliary 
electrode interposed between said anode and 
cathode, Ezeans for establishing a flow of 
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direct current to said anode and to said 
auxiliary electrode, a control member for controlling said space current, an outgoing 
circuit, an electric circuit, means for im 
pressing upon one of said circuits variations 
in the current flowing to said anode and 
means for impressing upon one of said cir 
cuits variations in the current flowing to said 
auxiliary electrode. 

10. In an electric system, a vacuum tube 
having an anode, a cathode and an auxiliary 
electrode, means for establishing space cur 
rent to said anode and means for establish 
ing space current to said auxiliary electrode, 
a control member for controlling said space 
current, connections between said anode, said 
cathode and said auxiliary electrode, an in 
put circuit comprising said control member 
and said cathode, an outgoing circuit, means 
in said connections for impressing On one of 
said circuits variations in the current flow 
ing to said anode and means for impressing 
on one of said circuits variations in the cur 
rent flowing to said auxiliary electrode. 

11. In an electric system, a vacuum tube 
having an anode, a cathode and an auxiliary 
electrode, means for establishing space cur 
rent to said anode and means for establish 
ing space current to said auxiliary electrode, 
a control member for controlling said space 
current, an input circuit comprising said 
control member and said cathode, an output 
circuit comprising said cathode, said anode 
and said auxiliary electrode, an outgoing 
circuit, and means for impressing on said 
outgoing circuit variations in the current 
flowing to said auxiliary electrode and to 
said anode. 

12. In an electric system, a vacuum tube 
having an anode, a cathode, and an auxiliary 
electrode interposed between said anode and 
said cathode, means for establishing a flow 
of direct current to said anode and to said 
auxiliary electrode, a control electrode in 
terposed between said anode and cathode for 
controlling said space current, connections 
between said anode, said cathode and said 
auxiliary electrode, an input circuit CoEn 
prising said cathode and said control elec 
trode, an outgoing circuit, inductive means 
in said connections for inpressing on one of 
said circuits variations in the current to said 
anode and inductive means in said connec 
tions for impressing on one of said circuits 
variations in the current to said auxiliary 
electrode. 

13. In an electric system, a vacuum tube 
having an anode, a cathode and a plurality 
of grid electrodes, means for establishing a 
flow of direct current to said, anode and to 
one of said grids, connections between said 
anode, cathode and said first grid. a. igua? 
circuit comprising said cathode and 3. Second 
of said grids, an outgoing circuit, ne&as in 
said connections for impressing variations 
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in the current to said anode upon one of 
said circuits and means in said connections 
for impressing variations in the current to 
said first grid upon one of said circuits. 

14. In an electric system, a vacuum tube. 
having an anode, a cathode, an auxiliary 
electrode, and a control member, means for 
maintaining an average potential difference 
between said control member and said 
cathode, a source of voltage for establishing 
space current to said anode, a second source 
of voltage for establishing space current to 
said auxiliary electrode, an input circuit for 
said tube comprising said cathode and said 
control member, an outgoing circuit, means 
for impressing variations in the current to 
said anode on one of said circuits and means 
for inpressing variations in the current to 
said auxiliary electrode on one of said 
circuits. 

15. In an electric system, a vacuum tube 
having an anode, a cathode, an auxiliary 
electrode interposed between said anode and 
cathode, and a control member, means for 
establishing a flow of direct current to said 
auxiliary electrode and to said anode, an in 
put circuit comprising said control member 
and said cathode, an incoming line, means 
for impressing signals from said line upon 
said control member whereby variations are 
produced in said Space current, an outgoing 
circuit, Ineans for impressing on one of said 
circuits variations in the current to said 
anode and for impressing on one of said cir 
cuits variations in the current to said auxil 
iary electrode. 

16. in an electric system, a vacuum tube 
having an anode, a cathode, an auxiliary 
electrode and a control member, means for 
establishing space current to said auxiliary 
electrode and to said anode, means for main 
taining a constant difference of potential be 
tween said anode and said auxiliary elec 
trode, an input circuit comprising said con 
trol member and said cathode, an incoming 
line, means for impressing signals from said 
line on said control member whereby vari 
ations are produced in said space current, 
an outgoing circuit, means for impressing 
upon one of said circuits variations in the 
current to said anode and means for im 

- pressing upon one of said circuits variations 
in the current to said auxiliary electrode. 
- 1. In an electric system, a vacuum tube 
having a heated cathode, an anode, an auxil 

ectrode, and a control member, means 
between said cathode and said auxiliary elec 
trode for producing secondary electron 
emission from said auxiliary electrode, con 
nections whereby said secondary electron 
emission flows to said anode, an electric cir 
cuit, an outgoing circuit, means for impress 
ing variations in the current flowing to said 
auxiliary electrode upon one of said cir 
cuits, and means for impressing variations 

m f 

in the current flowing to said anode upon 
one of said circuits. 

18. In an electric system, a vacuum tube 
having a heated cathode, an auxiliary elec 
trode, an anode and a control member, a 
source of voltage between said cathode and 
auxiliary electrode for producing secondary 
electron emission from said auxiliary elec 
trode, connections for causing said secondary 
electron emission to flow to said anode, an 
outgoing circuit, and means for impressing 
upon said outgoing circuit. variations in the 
current flowing to said auxiliary electrode 
and to said anode. 

19. In an electric system, a vacuum tube 
having a primary source of electrons, 
a source of secondary electron emission, a 
control member for controlling the intensity 
of the emission of said primary electrons 
and the secondary electrons, an electric cir 
cuit, an outgoing circuit, and means for im 
pressing upon one of said circuits variations 
in the intensity of said primary electron 
emission and For impressing upon one of 
said circuits variations in the intensity of 
the emission of said secondary electrons. 

20. In an electric system, a vacuum tube 
having a cathode, an anode, an auxiliary 
electrode, means for causing an electron flow 
from said cathode to said auxiliary electrode 
and for producing secondary emission of 
electrons from said auxiliary electrode, a 
control member for controlling said electron 
flow and said secondary electron emission, 
an electric circuit, an outgoing circuit, and 
connections for causing variations in said 
electron flow to said auxiliary electrode to 
be impressed upon one of said circuits and 
for causing variations in said secondary elec 
tron emission to be impressed upon one of 
said circuits. 

21. The method of repeating alternating 
currents, which comprises producing a pri 
mary electron stream, producing a second 
ary electron stream therefrom, varying 
said streams in accordance with the alter 
nating currents to be repeated and impress 
ing said variations in both of said streams 
upon an outgoing line. 

22. In an electric system, a vacuum tube 
having an anode, a cathode, an auxiliary 
electrode and a control member, an input 
circuit comprising said cathode and said 
control member, an output circuit compris 
ing said cathode, said anode and said auxil 
iary electrode, means for maintaining said 
auxiliary electrode at such a potential dif 
ference with respect to said anode that said 
auxiliary electrode becomes a source of sec 
ondary electrons, means for maintaining 
said anode at a positive potential with re 
spect to said auxiliary electrode whereby 
space current to said anode is produced by 
said secondary electron emission, an incon 
ing line, means for impressing upon said 
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control member signals from said incoming 
line, an outgoing line, and means for in 
pressing upon said ine variations in the cur ) g up 

() 

5 5 

rent flow to said auxiliary electrode and to 
said anode. 

23. In an electric system, a vacuum tube 
having an anode, a cathode, an auxiliary 
electrode and a control member, means for 
normally maintaining said control member 
at a negative potential with respect to said 
cathode, a source of electromotive force be 
tween said anode and cathode, a source of 
electromotive force between said auxiliary 
electrode and cathode, said source between 
said auxiliary electrode and said cathode be 
ing sufficient to cause said auxiliary elec 
trode to become a source of secondary elec 
tron emission, said anode being of such a 
potential with respect to said auxiliary elec 
trode that said secondary electron emission 
flows to said anode, an incoming line, means 
for impressing upon said control member 
signals from said line, an outgoing line, and 
means for impressing upon said outgoing 
line variations in the current fiow to said 
anode and to said auxiliary electrode. 

24. In an electric system, a vacuum tube 
having a cathode, a control member and a 
plurality of output circuit electrodes, both 
of said output electrodes being located on 
the same side of said cathode, a divided 
output circuit for said tube, a source of cur 
rent in said output circuit, means for im 
pressing potential variations on said control 
member, and means whereby a change in the 
potential of said control member produces 
a change in the same sense in one branch of 
said output circuit and a change of the op 
posite sense in another branch of said out 
put circuit, an outgoing circuit, and means 
for impressing said changes on said out 
going circuit. 

25. In an electric system, a vacuum tube 
having an anode, a cathode, two grid like 
electrodes interposed between said anode 
and said cathode, means for establishing 
space current to. one of said grids and to 
said anode, means for impressing potential 
Fariations upon the second of said grids, a 
divided output circuit for said tube, and 
connections whereby a change in the poten 
tial of said second grid produces a change 
in the same sense in one branch of said out 
put circuit and a change of the opposite in 
another branch of said output, circuit, an 
outgoing line, and neans for impressing 
upon said line variations in the current to 
said first grid and to said anode. 

26. In an electric systern, a vacuum tube 

having a cathode, a control electrode and 
an auxiliary electrode, means for establish 
ing a direct current flow to said auxiliary 
electrode, said auxiliary electrode being 
interposed between said cathode and said 
control electrode, an electric circuit, and 
means for impressing on said circuit varia 
tions in the current to said auxiliary elec 
trode. 

27. In an electric system, a vacuum tube 
having an anode, a cathode and an auxiliary 
electrode, means for establishing space cur 
rent to said anode, means for establishing 
space current to said auxiliary electrode, a 
control member for controlling said space 
current, a plurality of circuits, means for 
impressing upon one of said circuits varia 
tions in the current fowing to said anode 
and means for impressing upon one of said 
circuits variations in the current flowing to 
said auxiliary electrode. - 

28. In an electric system, a vacuum tube 
having an anode, a cathode, a grid inter 
posed between said anode and cathode, 
means for establishing space current to said 
anode, means for establishing space, current 
to said grid, a control member for control 
ling said space current, and means for uti 
lizing the variations in the current to said 
grid. - i. 

29. In an electric system, a vacuum tube 
having an anode, a cathode, and an auxil 
iary electrode, means for establishing space 
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current to said anode, means for establish 
ing space current to said auxiliary electrode, 
a control member for controlling said space 
current, and means for utilizing the varia 
tions in the current to said auxiliary elec 
trode. 

30. In an electric system, an incoming 
line, an outgoing line, a vacuum tube for 
impressing on said outgoing line currents 
substantially of the same wave form as 
those received by said tube from said in 
coming line, said tube comprising a heated 
cathode, an auxiliary electrode, an anode, 
and a control member, means for maintain 
ing said control member at a negative poten 
tial to said cathode, a source of voltage be 
tween said cathode and auxiliary electrode 
for producing secondary electrons from 
said auxiliary electrodes, connections for 
causing a current due to said secondary elec 
trons to flow to said anode, and means for 
impressing on, said outgoing line variations 
in the current to said anode. 

my name this 13th day of July A. D., 1920. 
EENDREJORARINES van der E.J. 
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In witness whereof, I hereunto subscribe 


