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My invention relates to the production of 
alternating currents of any frequency de 
sired from any suitable source of either di 
rect or alternating current, and more par 
ticularly to the production of high fre 
quency currents. 
In carrying my invention into effect, I 

make use of certain agencies arranged in co 
operative relation with an "electron dis 

a charge tube'. By the term “electron dis 
charge tube' I mean to imply the use of a 
highly exhausted envelope containing at least 
two electrodes one of which is provided with 
means for causing it to emit electrons and in 
which the flow of current with any voltage 
which may be applied is independent of any 
conductivity of a gas. A device of this na 
ture when connected to a source of current 
operates selectively in such a manner as to 
allow current to flow between the electrodes 
in only one direction, that is, there will be 
a flow of negative electricity from the electron 
emitting electrode to the other electrode or 
electrodes, but no flow in the opposite direc 
tion. The flow of current in such case will 
be the result of what may be termed a "pure electron discharge”. 
If a body charged with a negative poten 

tial is placed in proximity to the electrodes 
to the flow of current is impeded, and if the 

negative potential is made high enough it 
may be stopped entirely. This effect is great 
est when the body is placed between the elec 
trodes and the most useful results are ob 
tained when the conducting body takes the 
form of a grid. 
The nature of my invention will be best 

understood by reference to the accompany 
ing drawing in which Fig.1 shows diagram 
matically one way in which my invention 
may be carried into effect; Fig.2 shows the 
application of high frequency current ob 
tained in this way for use in sending out sig 
nals in wireless telegraphy; Fig. 3 shows 
the application of a different form of elec 
tron discharge tube from that used in Fig. 
1 and Fig. 4 shows a modification of the cir 
cuit connections slightly different from that shown in Fig. 1. 
In the drawing 1 represents an electron 
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discharge tube which comprises an evac 
uated tube 2 in which is placed a cathode 3, 
an anode 4 which in some cases may be in 
the form of a plate, and a conducting bod 
5, which is preferably in the form of a grid, 
interposed between the cathode and anode. 
The cathode used is preferably in the form 
of a filament which may be raised to in 
candescence by current from any conven 
ient source as the battery 6. While this is 
the preferred method for causing the cath 
Ode to emit electrons, other methods may 
be used. The two electrodes are connected 
by an oscillatory circuit containing an ex 
ternal source of current 7, which may be a 
battery as shown, or may be eithér a direct 
or alternating current generator, and an 
inductance 8; the circuit thus formed for 
convenience in description I call the plate 
circuit. The cathode is also connected ex 
ternally with the grid 5 through an in 
ductance 9. The oscillatory circuit thus 
formed I designate the grid circuit. The 
two circuits are preferably coupled together 
by placing the inductance 8 in inductive re 
lation to the inductance 9: This coupling 
may be a very loose one or may be omitted 
entirely as the capacity between the elec 
trodes and the grid 5 may electrostatically 
couple the two circuits together sufficiently 
to produce a current in the grid circuit 
whenever there is a change in the current 
flowing in the plate circuit. If desired the 
electrostatic coupling may be increased by 
connecting the electrodes and grid to plates 
3', 4' and 5' placed in inductive relation to 
each other as indicated in Fig. 4. If the 
grid were absent there would be a steady 
flow of current in the plate circuit between 
the electrodes. With the grid circuit con 
nected, however, as soon as current starts 
to flow in the plate circuit a current is in 
duced in the grid circuit. If the inductances 
i8 and 9 are wound in the same direction 
when current in the plate circuit begins to 
build up current tends to flow in the oppo 
site direction in the grid circuit and the 
grid becomes negatively electrified. This 
cuts down the flow of current in the plate 
circuit and as the current decreases the 
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grid loses its negative potential and be 
comes positiye. This allows the current to 
increase again in the plate circuit. These changes may take place with great rapidity, 
their frequency depending upon the natural 
periods of the two circuits. The frequency 
of the current changes may be readily va. 
ried by varying the constants of the grid 

'E', doing current of any fre: 
quency desired may be obtained in the coil 
11, which should be closely, coupled to the 
coil 8, and the current so obtained may be 
used for any purpose desired. One conven ient way of varying the frequency is by the 
use of an adjustable condenser 10 in the 
grid circuit. O 
In Fig. 2 I have shown a way in which 

- high frequency oscillations produced after 
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the manner shown in Fig.1 may be applied 
for transmitting signals by wireless teleg 
raphy. In order to be able to break up the 
oscillations into successive wave trains as re 
quired to produce signals, I provide, a key 
12 in the plate circuit. The oscillations produced might be applied directly to the 
antenna of the wireless system, but in some 
cases it may be found desirable to amplify 
them. The method which I have shown for 
their amplification consists in using a sec 
ond electron discharge tube 13, similar to 
the first one. In the plate circuit of the 
second tube however, I employ as a source 
of current a high voltage generator 14, al 
though a battery may be used as the source 
of current. The oscillations produced in the 
coil 11, which is connected to the grid cir 
cuit of the second tube, produce alternately 
positive and negative potentials on the grid 
15. When the grid potential is negative the 
current in the plate circuit is interrupted 
and when the grid potential becomes posi 
tive current flows through the plate circuit 
and the primary 16 of a transformer whose 
secondary 17 is connected directly in the cir 
cuit of antenna 18. The antenna is con 
nected to earth through the condenser 19 in 
the usual manner. By this means it will be 
seen that oscillations of the same frequency 

5 

(3) 

(55 

as those set up in the coil 11 will be im 
ressed upon the antenna. It will of course 
e understood that this method of amplify 

ing oscillations will be useful whether the 
oscillations are produced by the system 
which I have disclosed or by other methods, 
such for example as by a high frequency 
alternator. 

In Fig. 3 I have shown another form of 
electron discharge tube for producing oscilla 
tions which operates much more efficiently 
than the simple form shown in Figs. 1 and 2. 
The tube 20 in this arrangement is provided 
with a cathode 21 with heating means 22 and 
two anodes, 23 and 24. The circuits shown 
in Fig. 1 are in this case, duplicated, one 
plate circuit comprising the cathode 21, the 
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source of power 25, one-half of the coil 26, and 
the anode24, while the other plate circuit com 
prises the cathode 21, the source of power 25, 
the second half of the coil 26, and the anode 
23. One grid circuit comprises the cathode 
21, a battery 27 for impressing an extra nega 
tive potential on the grids, one-half of the 
coil 28 and the grid 29; the second grid cir 
cuit comprises, the cathode 21, the ey 27, 

id 30. 75 the second half of coil 28 and the gri 
The operation of the two circuits is the same 
as that of the single circuit shown in Fig. 1. 

70 

When one of the grids is negative the other 
grid is positive and vice-versa, and as a re 
sult when the current is decreasing in one 
plate circuit it is increasing in the other. As 
a result the current induced in the coil 31 
which is closely coupled with the coil 26 is 
much greater than it would be if only one 
circuit were in operation. An adjustable con 
denser 32 may be connected in the grid cir 
cuits to vary the natural period of the circuits 
as in the arrangement shown in Fig. 1. 
To improve the efficiency of the device I provide a conducting body in proximity to 

the cathode. This may take the form of a 
grid 33 surrounding the cathode. Upon this 
conducting body I impress a positive poten. 
tial from the battery 34. I also find that in 
some cases the efficiency of operation of the 
device is greatly increased by the use of a 
condenser 35 in the plate circuit. 
What I claim as new and desire to secure 

by Letters Patent of the United States, is:- 
1. A source of electrical oscillating energy 

including an exhausted vessel containing one 
hot and three cold electrodes, each of said 
cold electrodes being located at a relatively 
different distance from said hot electrode, a 
work circuit and means to transmit the gen 
erated oscillations to said work circuit com 
prising circuits associated with said elec 
trodes. 

2. A source of electrcal oscillating energy 
including an exhausted vessel containing hot 
and two cold electrodes, a work circuit, and 
means to transmit the generated oscillations 
to said work circuit, and a control electrode 
therefor, each of said cold electrodes and said 
control electrode being located at a relatively 
different distance from said hot electrode. 

3. A source of electrical oscillating energy 
including an exhausted vessel containing one 
hot and three cold electrodes, each of said 
cold electrodes being located at a relatively 
different distance from said hot electrode, the 
hot electrode and one cold electrode being 
electrically connected and the other two cold 
electrodes being electrically connected to 
gether, a work circuit, and means to transmit 
the generated oscillations to said work circuit 
comprising circuits associated with said elec 
trodes. 

4. A source of electrical oscillating energy 
including an exhausted vessel containing hot 
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and cold electrodes, and a control electrode 
therefor, each of said cold electrodes being 
located at a relatively different distance from 
said hot electrode, the hot electrode and one 
cold electrode being connected together and 
the other cold electrode and said control elec 
trode being connected together, a work cir 
cuit, and means to transmit the generated os 
cillations to said work circuit. 

5. A source of electrical oscillating energy 
including an exhausted vessel containing one 
hot and three cold electrodes, each of said cold 
electrodes being located at a relatively differ 
ent distance from said hotelectrode and an os 
cillating circuit connecting two of said elec 
trodes, circuits for the remaining electrodes, a 
work circuit, and means to transmit the gen 
erated oscillations to said work circuit com 
prising circuits associated with all of said 

20 electrodes. 
6. A source of electrical oscillating energy 

including an exhausted vessel containing a 
hot and two cold electrodes, a control elec 
trode interposed between said cold elec 

25 trodes, each of said cold electrodes and said 
control electrode being located at a relatively 
different distance from said hot electrode a 
work circuit, and means for transmitting the 
generated oscillations to said work circuit 

30 comprising circuits associated with all of said 
electrodes. 

7. The combination in a system for produc 
ing oscillations, of means for producing two 
electron streams, two separate anodes for re 

35 ceiving the electron streams and two separate 
grids for controlling the electron streams, 
and an oscillating system comprising an in 
ductance having two points therein connected 
to the two grids and a second inductance 

to coupled to the first and having two points 
therein connected to the two anodes. 

8. The combination in a system for pro 
ducing oscillations, of means for producing 
two electron streams, two separate anodes for 

4 receiving the electron streams and two sepa 
rate grids for controlling the electron 
streams, and an oscillating system compris 
ing an inductance having two points therein 
connected to the two grids and a second in 

50 ductance inductively coupled to the first and 
having two points therein connected to the 
two anodes. d 

9. The combination in a system for produc 
ing oscillations, of means for producing two 

55 electron streams, two separate anodes for re 
ceiving the electron streams and two separate 
grids for controlling the electron streams, 
and an oscillating system comprising an in 
ductance having two points therein connect 

60 ed to the two grids, a second inductance cou 
pled to the first and having two points there 
in connected to the two anodes, and a capacity 
in shunt to one of said inductances. 

two electron streams, two separate anodes for 
receiving the electron streams and two sepa 
rate grids for controlling the electron 
streams, and an oscillating system comprising 
an inductance having two points therein con 
nected to the two grids, a second inductance 
coupled to the first and having two points 
therein connected to the two anodes, and a 
capacity in shunt to each of said inductances. 

11. The combination in a system for pro 

O 

s 
ducing oscillations, of an evacuated vessel - 
containing an electron emitting cathode, two 
separate anodes and two separate grids, and 
an oscillating system comprising an induc 
tance having two points therein connected to 
the two grids and a second inductance cou 
pled to the first and having two points therein 
connected to the two anodes. 

12. The combination in a system for pro 
ducing oscillations, of an evacuated vessel 
containing an electron emitting cathode, two 
separate anodes and two separate grids, and 
an oscillating system comprising an induc 
tance having two points therein connected to 
the two grids, a second inductance coupled to 
the first and having two points therein con 
nected to the two anodes, and a capacity in 
shunt to one of said inductances. 

13. The combination in a system for pro 
ducing oscillations, of an evacuated vessel 
containing an electron emitting cathode, two 
separate anodes and two separate grids, and 
an oscillating system comprising an induc 
tance having two points therein connected to 
the two grids, a second inductance coupled 
to the first and having two points therein con 
nected to the two anodes, and a capacity in 
shunt to each of said inductances. 

14. The combination in a system for pro 
ducing oscillations, of an evacuated vessel 
containing an electron emitting cathode, two 
separate anodes and two separate grids, and 
an oscillating system comprising an induc 
tance having two points therein connected to 
the two grids, a second inductance coupled to 
the first and having two points therein con 
nected to the two anodes, and connections 
from the cathode to a third point in each of 
said inductances. 
In witness whereof, I have hereunto set my 

hand this 27th day of October, 1913. 
RWING LANGMUIR. 

10. The combination in a system for pro 
85 ducing oscillations, of means for producing 
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