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To all whom it may concern: ' 
Be it known that I_. Invnao' Insomnia, a 

citizen of the United States, residin at 
Schenectady, county of‘Schenectady, tate 
of New York. have invented certain new and 
useful Improvements in Electrical Dis 
charge A paratus, of which the following 
is a speci cation. 
The present invention relates to electrical 

discharge apparatus operating with an elec 
tron discharge and it concerns particularly 
the type of device operating without gas 
ionization and conduction. ‘ 
Such a device consists essentially of an 

electron-emitting cathode, and one or more 
anodes thoroughly freed from gas,'locatcd 
in an envelope evacuated to such a high 
degree that an electron discharge can take 
place from the cathode to the anode or 
anodes without causing appreciable gas ion 
ization by collision with residual gas mole 
cules. . 

A pure electron discharge consists of neg 
ative char es of electricity, ordinarily called 
“electrons , moving from a cathode to an 
anode in a highly evacuated space. These 
electrons ‘may be emitted by a highly incani 
descent solid or by certain metals illumi 
nated by ultraviolet light, articularly the 
alkali metals. 
surrounded by a negative electrostatic ?eld 
and. also when in motion, by a ‘magnetic 
?eld, the motion of the electrons is subject 
to'the in?uence of both electrostatic and 
electromagnetic forces. For this reason each 
of the electrons in a given space is in?uenced 
by the ?eld of the other electrons in this 
space. an effect which will hereinafter be re 
ferred to as the “space charge”. I have 
found that the effect of the “space charge” 
is to limit the current ?owin with a given 
voltage to a value which is independent of 
the temperature of the cathode above a cer 
tain value. This limiting current is depend 
ent upon, the geometrical shape of the elec 
trodes, the distance between the electrodes, 
and other factors. A negatively charged 
body located in the vicinity of the cathode 
will reduce the electron discharge current 
with a given impressed voltage and may 
also de?ect the electrons dependent upon 
its position and con?guration. 
Some of the objects of the present inven 

tion are: to reduce the e?ectof the ‘space 
charge in an electron discharge device; to 

As each of t ese electrons is " 

modify or eliminate the effect of negatively 
charged bodies in the proximity of the 
cathode; to increase the discharge'current 
with a given voltage; to furnish electrons 
having a relatively‘ uniform velocity and to 
protect the cathodelitself from mechanicalv 
injury or distortion by electrostatic forces. 
With these‘ objects in view the electron 

discharge apparatus is provided with a cone 
ductor ocated in the vicinity of the cathode 
and maintained at a predetermined, positive 
potential. This conductor ordinarily as 
sumes the form of a wire id or grating 
surrounding the cathode anfrit is connected 
to a continuousl maintained source of po 
tential, preferab y of low voltage. 
My invention will be more fully explained 

in the following description taken in con 
nection with the accompanying drawings 
in which Fig. 1 shows in perspective a dis 
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75 
charge apparatus embodylng my invention ' 
and suitable for convertin direct current 
into alternatin current; igs. 2, 3 and 5 
are diagrams i lustrating various electrical 
systems of connection utilizing an electron 
discharge device made in accordance with 
my invention, and Fig. 4 illustrates a modi 
?ed form of apparatus in which a positively 
charged plate is used instead of a grid. 
In the electron discharge device shown in 

Fig. 1, the enclosing globe 1 has been shown 
as partly broken away to disclose the~in 
terior arrangement of the electrodes com 
prisin a V-shaped ?lamentary cathode 2, 
and p ate-shaped anodes 3 and 4:- 'Sur-, 
‘rounding the cathode is a frame 5, consist 
ing conveniently of lass, upon which is 
wound ?ne wire constituting a grid 6 with 
closely adjacent turns surrounding the cath 
ode 2. Located respectively between this 
grid and each of the anodes are grids 7 and 
8, the function of which will be hereinafter 
ex lained. - 

he cathode conductor is attached to ter 
minal su ports 9 and 10 which are in turn 
connected) to leading-in wires 11 and 12, 
sealed into the stem 13 of the enclosin globe 
in the usual manner. The cathode ament 
is maintained taut by bein anchored by 
its bight by means of the sprm 14 attached 
to the frame 5. The electro es and ‘grid 
wires consists preferably of ductile tung 
step. The cathode and ride are-all carried 
by glass stems attach to a pedestal 15. I 
The anode stem 16 and 17 consist of tung 
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sten or molybdenum and are held in osi 
tion in the extensions 18 and 19 of the ulb 
b s rin 20, which ri the walls of the 
biilbp Cgiinection is rgacie to the anodes in 
the usual manner by the leading-in wires 21 
and 22. Connection to the grid. surround 
ing the cathode is made by a leadm -in wlre 
23. The grids 7 and 8 are preferab y wound 
upon metallic frames 24 and. 25 conslstlng, 
for example, of ferro-chrome which thus 
short-circuit the turns of the gird. Elec 
trical connection is made thereto by conduc 
tors 26 and 27. The relative position of 
the anodes the cathode and the grids is more 
clearly indicated in a diagrammatic man 
ner in Fig. 2; Fig. 1 illustrates particularly 
the structural features. ' 
As ‘shown in Figs. 2 and 3, the cathode 2 

is maintained at incandescence by means of 
a battery 29, or other suitable externally lo 
cated source of energy. The surrounding 
grid 6 is attached to the positive terminal 
of a source of potential,gfor example a bat 
tery 30, the negative terminal of which is 
connected to the cathode. 
The discharge device is evacuated to the 

highest obtainable vacuum, the electrodes 
being freed from gas by operating the de 
vice while on the pump at a voltage below 
the value at which harmful as ionization, 
as indicated by blue glow, ta es place. As 
gas is driven out of the anode by electron 
bombardment, the impressed voltage is pro 
gressively increased, the removal of gas by 
the pump being continued. The impressed 
voltage thus attained before sealing-off 
should ordinarily be higher than the voltage 
at which the device is intended to operate. 
The degree of vacuum in the completed de 
vice while depending somewhat upon the 
character of the device should ordinarily be 
as low as a few hundred thousandths of 
a millimeter of mercury, preferably even 
lower. . 

The system shown in Fig. 2 is adapted 
particularly for the conversion of direct cur 
rent into alternating current and for this 
purpose the anodes 3 and 4 are connected 
by means of conductors 31, 32 to the pri 
mary winding of a transformer 33. Energy 
is supplied by a direct current source of 
energy 34, for example, a dynamo, or a bat 
tery connected at its negative terminal by 
means of conductor 35 to the cathode and at 
its positive terminal by means of conductor 
36 to an intermediate point upon the ri 
mary of the transformer 33. The ri s 7 
and 8 are connected by means of t e con 
ductors 37 and 38, to a source of alternating 
current 39 having the frequency desired for 
the alternating current to be produced by 
the device. This source has been diagram 
matically indicated as a transformer alt-ho 
of course any suitable alternating current 
source may be used. The cathode 2 is con 
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nected by means of a conductor 40 to an 
intermediate point on the secondary of the 
transformer 39. 
The operation of the system above de 

scribed is as, follows :—\Vhen the cathode 2 
is brought to incandescence it emits elec 
trons, which travel under the in?uence of 
the impressed electromotive force to a posi 
tive electrode.- When, however, a conduc 
tor, located between the cathode and an 
anode between which electrons are passing, 
is negatively electri?ed, the electrons are re; 
pelled in accordance with the degree of 
negative charge, thereby decreasing or inter 
rupting entirely the discharge current. On 
the other hand, when a conductor, located 
between an electron-emitting cathode and an 
anode, is positively electri?ed the discharge 
is assisted and the current increased. Some‘ 
of the electrons go to the positively charged 
conductor, but when this conductor has a 
relatively small obstructing surface, as in 
the case when a ?ne ?lament serves as the 
grid or other conducting body, very little 
energy will be absorbed thereby. For ex 
ample, a. tungsten wire having a. diameter 
of about .0004 to .0010 of one inch wound 
with about 100 turns to the inch may be 
used but the turns per inch vary widely. 
When the impressed electromotive force be 
tween cathode and anode is high the amount 
of energy lost by the absorption of electrons 
by a grid having a relatively low positive 
charge is negligible. . 
As the grids 7 and 8 are made alternately 

negative and positive by the alternating 
source 39, the discharge current, or stream 
of negative charges, passes in turn to anodes 
3 and 4, thereby setting up an alternating 
current in the primary of the transformer 
33, and in that manner repeating in the 
divided output circuit, acting as the pri 
mary of the transformer, with ampli?ed 
energy the electric waves in the divided in 
put circuit, acting as the secondary of the 
transformer 39. If desired. a condenser 41 
may be provided in order to absorb current 
variations and to neutralize the inductive 
effect of the transformer and provide a more 
rapid rise and fall of current. At any given 
instant either of input electrodes 7 or 8 will 
be negatively charged. and being in close 
proximity to the cathode, will tend to re 
duce the electron current flowing. How 
ever, when a positive ?eld is established in 
the vicinity of the ?lament by the grid 6, 
this grid screens the cathode from the nega 
tive ?eld, and assists the ?ow of electron 
current, thus making possible the combina- 
tion of two repeating elements in a single 
electron dischar e apparatus. The electrons 
are emitted by t e cathode at variable speed 
but all being subject to the same static ?eld 
which greatly increases the speed of all an/ 
equal amount, the' differences of speed rep 
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resent a relatively small fraction of the im 
ressed resultant s . As the positive 
eld near the oath e op the current 

reducing e?ect of the space charge, the dis 
tance between the cathode and the anodes 
may be increased without sacri?ce of elli 
ciency. 
Some ener is lost by the absorption of 

the electrons€iy the positively char (1 grid 
6 but as its surface is small and t e posi 
tive potential may be made relatively small 
as compared with the voltage impressed be 
tween the cathode and the anodes, this loss 
will form but a relatively small proportion 
of the total amount of energy in the output 
circuit. 

It is desirable that the rise of static po 
tential of the grid becoming negative, should 
be rapid so as to shut off the ?ow of elec 
tron current completely to its corres nding 
anode. This result can be effected y mak 
ing the alternating source 39 of high poten 
tial but this also increases the positive 
charge on the com anion grid. A high posi 
tive grid otentia increases the absorption 
of energy y the grid. By including a bat 
tery 75 or other source of otential in the 
conductor 40 connected to t e cathode and 
an intermediate point of the secondary of 
the transformer 39, with its negative ter 
minal connected to the transformer,- the po 
tential on the grid negatively charged is 1n 
creased, and the potential on the. grid posi 
tively charged is diminished, roviding, of 
course, that the tential of e source 75 

- does not exceed t e potential of the source 
39. If desired resistances 77, 78, may be 
included in the grid circuits 37, 38, or' these 
resistances may be replaced by a single re 
sistance in conductor 40 to reduce current 
flow therein without reducing the potential. 
In some cases such resistances may make a 
separate superimposed negative potential 
unnecessary. 
In the system illustrated by Fi . 3, an 

electron discharge tube is employe to rec 
tify alternating current furnished by the 
primary of a transformer 42, the terminals 
of which are connected to the anodes 3 and 
4, respectively, by conductors 43 and 44. 

- The conductor 45 of the direct current con 

i the cathode to t e positive electrode. 
00 

suniption circuit is connected to the cathode 
2 and the conductor 46 of the direct cur 
rent circuit is connected to a point of inter 
mediate potential upon the secondary of the 
transformer 42. It will be observed that 
the electrodes 3 and 4 will be in turn made 
positive and ne ative, current passing from 

Here 
likewise the electrode which is connected to 
the opposite terminal of the source, and 
hence is negative, would act to cut down the 
current passing from the cathode to the 
positive electrode. This effect, howevergiis 
prevented by the positively charged grid 6. 

In the case of a recti?er having a plurality 
of electrodes functionatin as anodes, the 
current-reducin . e?ect o the electrodes 
when negative y charged is especially 
marked as the drop of potential in the direct 
current load will reduce the potential of 
the positive electrode which is taking cur 
rent. As no current is ?owin to a no a 
tive electrode, it will have the ull potential 
of the source. For this reason also the me 
chanical distortion of the cathode located 
in the unsymmetrical ?eld would be serious 
were the positive grid 6 not present, where 
by the cathode is screened and protected. 
The positively charged body need not 

necessarily be grid-shaped. Fi . 4 illus 
trates somewhat dia ammatical y a recti 
fying device in whic a plate 47 is located 
between an electron-emitting cathode 48 and 
an anode 49. Heating current is supplied 
the cathode conductor by a battery 50, and 
a source of energy for example, a trans 
former 51 is connected between the cathode 
and the anode. Surrounding the cathode is 
a concave dished plate 52, which is main 
tained negatively charged, conveniently by 
connecting it to the cathode by means of 
a conductor 53. This ring serves to modify 
the static ?eld so as to focus the electrons 
into a fairly well-de?ned stream which 
p through an aperture in the plate 47 
to the anode. 
By maintaining the plate 47 positively 

charged, for example, by means of a battery 
54, the passage of the electrons from the 
cathode to the anode is assisted. The po 
tential of the battery 54 and hence the 
charge on the plate 47, may be only a frac 
tion of the' potential between supply con 
ductors 55, 56. The electrons Wlll be at 
tracted to the plate 47 but will largely pass 
through the aperture in the same as this 
represents the center of static attraction. 
By making.the potential of the plate 47 
relatively low the loss of energy by the ab 
sorption of electrons on the part of the plate 
47 will be, relatively small. and will be more 
than compensated by the increase in dis 
charge current. The recti?cd current may 
be utilized by load devices 57. If it is de 
sired to utilize both half waves of the alter 
natin current, two sets of the devices-illus 
trate are used in any well-known manner, 
such, for example, as that disclosed in Ar 
sem Patent #929371, or Alexanderson Pat~ 
ent #996,445. 
As indicated in F ig. 5 the positively 

charged conductor may be used to advan 
tage in a device for amplifying or repeat 
ing weak variable currents, such as signals 
in radlo-telegraphy, or telephony. The re 
peater or electron discharge tube 58 is pro 
vided with a local source of energy, for ex 
ample a battery 59, which may be of very 
‘low voltage, and is connected between the 
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cathode 60 and the anode 61. The rid 62 
and the cathode 60 are connected to t e sec 
ondary of a transformer 63, the primary of 
which is included in the antenna circuit. 
The latter has as usual an aerial antenna 64, 
and a grounded condenser 65. _The grid 62 
may be maintained at a definite potential 
by a battery 66. The cathode is surrounded 
by a grid 67, maintained at a perdetermined 
ositive potential with respect to the cathode 

by a battery 68. When the cathode is heat 
ed by "a local source of energy 69, a current 
will tend to ?ow from the cathode to the 
anode but this current is either prevented 
from ?owing or is greatly reduced when the 
?eld of the grid 62 is negative. As the elec 
trons are drawn away from the cathode 
60 by the positive ?eld furnished by the grid 
67, a very low voltage may be used in the 
plate circuit, in fact, I prefer in some cases 
to use but a single cell for the batte 59, as 
indicated. A negative potential on t e grid 
62 on the other hand may be made relatively 
high. The current variations in the elec 
trode circuit 72 due to the signal impulses 
impressed upon the grid circuit, are corre 
spondingly great. The signals may be re 
ceived by a telephone 70, or other suitable 
receiver, connected in shunt with a conden 
ser 71. - 

The sensitiveness of this arrangement is 
especially marked as the electrons leave the 
grid 67 at substantially uniform velocity 
and hence are all affected to an equal ex 
tent by the variations in the negative charge 
of the grid 62. 
What I claim as new and desire to secure 

by Letters Patent of the United States is :— 
1. A discharge apparatus operating with 

an electron discharge comprising a highly 
evacuated envelope, an electron-emitting 
cathode, an anode, a conductor therein lo 
cated near the cathode, means for maintain 
ing said conductor at a substantially uni 
form positive potential with re ct to said 
cathode, and separate means wi in said en 
velope for varying the electron discharge 
between said cathode and anode. - 

2. An electrical discharge apparatus, com 
prising an electron-emitting cathode, an an 
ode, an envelope therefor, said electrodes 
and the space in said envelope being freed 
from gas to a degree permitting a substan 
tially pure electron-discharge to take place 
therein without gas ionization, a conducting 
body in said envelope located near the 
cathode, and a source of potential having 
its positive terminal connected to said body 
and its negative terminal directly to the 
cathode. 

3. An electron discharge device compris 
ing. a highly evacuated- container, a cathode 
adapted to be heated to incandescence inde: 

ndently of the operating current of the 
evice, an anode, a conductor located in 

1,558,487. 

part at least between said cathode and anode, 
means for maintaining said conductor at a 
uniform ositive potential with respect to 
the catho e, and independent means for es 
tablishing an electrostatic ?eld to control all‘ 
electron discharge between cathode and 
anode. 

4. An electrical discharge apparatus com 
prising an evacuated container, an elec 
tron-emitting cathode, a cooperatin anode 
and a conductor in part surroun mg the 
cathode, means for maintaining said con 
ductor at a uniform positive polarity with 
respect to the cathode, and means for pro 
ducing a negative charge in the vicinity of 
said cathode. 

5. The combination of an electron dis 
charge device comprising an evacuated con 
tainer, an electron-emitting cathode, an 
anode, a conductor coiled about said cathode 
but spaced apart .therefrom, and a source of 
potential having its positive terminal con 
nected to the said conductor and its nega 
tive terminal connected directly to the 
cathode. \ 

6. The combination of an electron-dis 
charge ap aratus comprising a cathode, 
means for eating said cathode, cooperatin > 
anodes located on_ opposite sides of sai 
cathode, a grid surrounding the cathode but 
spaced apart therefrom, a source of poten 
tial having its positive terminal connected 
to said grid, grids located respectively be 
tween said surrounding grid and the anodes, 
and a source of alternating potential con 
nected to said intermediate grids. 

7. The combination of a discharge device, 
comprising an envelope, an electron-emit 
ting cathode and an anode, a conductor lo 
cated near said cathode, means for main 
tainin said conductor at a positive poten 
tial with respect to said cathode, a second 
conductor located near said cathode, and 
means for maintaining said second conduc 
tor at a negative potential with respect to 
said cathode. 

8. The combination of an enclosing en 
velope, an incandescent cathode, a plurality 
of anodes, a charge-controlling conductor 
surounding said cathode in part at least, 
a source of potential having a positive ter 
minal connected to said conductor and a 
negative terminal connected to the cathode, 
a transformer, connections between the ter 
minals of said transformer and said anodes, 
a source of unidirectional current connected 
between said cathode and an intermediate 
point on said transformer primary, charge 
controlling conductors located between said 
cathode and said anode, and means for 
charging said conductors alternately nega 
tive and positive. 

9. The combination of an enclosing en 
velope, an incandescent cathode, a plurality 
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surrounding said cathode in part a least, at a de?nite potential with respect to said u 
a source 0 potential having‘ a positive ter 
minal connected to said conductor and a 
negative terminal connected to the cathode, 
a. transformer, connections between the ter 
minals of said transformer and said anod 
a source of unidirectional current conn 

between saidd cathofde and an intermcleggtg point on sai tran ormer rim , 
controlling conductors localtied b‘dtzveen said 
cathode and said anodes, a source of alter 
nating current connected to said char e 
controlling conductors and a source of i 
rect current connected at the positive ter 
minal to said cathode and at the negative 
terminal to a point of intermediate poten 
tial on said alternating current source. 

10. The combination with an electron dis 
charge device comprising a cathode and a 
pair of input electrodes enclosed in an evac 
uated envelo a transformer secondary 
having its terminals ‘connected to said input 
electrodes, a source of direct current havmg 
its positive terminal connected to said cath 
ode and its negative terminal connected to 
an intermediate point in said transformer 
secondary, and means for impressing an 
alternating potential upon said transformer 
secondary. 

11. The combination with an electron dis 
char device comprising a cathode pro 
vid with means or heating it to incan 
descence and a pair of input electrodes en 
closed in an evacuated envelope of a trans 
former secondary having its terminals con 
nected to said input electrodes,'a source of 
direct current having one terminal connect 
ed to said cathode and its other terminal 
connected to an intermediate point in said 
transformer secondary, and means for im 
pressing an alternating potential upon said 
transformer secondary. 

12. The combination with an electron dis 
char device co rising a cathode ‘pro 
vid with means or heati it to incan 
descence, a air of anodes an a pair of in 
put elect es enclosed in an evacuated re 
ceptacle, said in ut electrodes being located 
between said cat ode and said anodes, means 
for maintaining both of said input elec 
trodes normall at a de?nite potential with 
respect to sai cathode which is different 
than that of the cathode, and means for 
charging said input electrodes alternately 
negative and positive. 

13. An electron-discharge device com ris 
ing an evacuated vessel containing a cat ode 
adapted to be heated to incandescence inde 
pendently of the operating current of the 
device, an anode, a discharge controlling 
electrode and a fourth electrode near sai 
cathode, means for producing a current be 
tween said cathode and said anode, and 
means-for maintaining said fourth electrode 

cathode. - _ 

14. A device of the audion type com na 
ing a thermionic cathode, an anode an an 
auxiliary electrode, means for supporting 
said auxiliary electrode said cathode being 
?lamentary in form, an a plenary support 
ing frame therefor paralle to one‘ of said 
electrodes and comprising spaced parallel 
members. 

15. Parallel supporting members, and a 
?lamentary thermionic cathode insulating 
ly supported at a plurality of points there 
by, a grid frame at each side of said cath 
ode, and an arbor for supporting said mem 
bers and said frames. 

16. A device of the audion ty compris 
ing parallel grids, a support t erebetween 
comprising spaced para] el members, and a 
cathode extending between said members 
and su rted thereby. 

17. e combination in an electron dis 
charge device of an evacuated rece tacle 
containing an electron emitting catho e, an 
anode and two grids interposed between 
cathode and anode, means for maintaining 
the 'd nearest the cathode at a constant 
positive potential with respect to the oath 
ode, and means for varying the potential of 
the grid nearest the anode with respect to 
the cathode. Y 

18. The combination in an electron dis 
charge device of an evacuated rece tacle 
containing an electron emitting cath e, an 
anode and two ids interposed between 
cathode and an e, means for maintaining 
the id nearest the cathode at a positive po 
tentlal with respect to the cathode, means 
for maintaining the grid nearest the anode 
at a negative potential with respect to the 
cathode, and means for varying the poten 
tial of the grid nearest the anode with re 
spect to the cathode. 

19. The combination of an electron dis 
charge device comprising an electron emit 
ting cathode, an anode, and two grids inter 
posed between cathode and anode, means for 
maintaining the grid nearest the cathode at 
a constant positive potential with respect to 
the cathode, means for varying the poten 
tial of the grid nearest the anode with re 
spect to the cathode, and means for im ress 
ing upon the anode a positive potential of 
greater value than that impressed upon the 
grid nearest the cathode. 

20. The combination of an electron dis 
charge device comprising an electron emit 
ting cathode, an anode and two grids inter 
posed between cathode and anode, means for 
maintaining one of said grids at a constant 
positive potential with respect to the oath 
ode, and means for varying the potential of 
the other grid with respect to the cathode. 

21. The combination of an electron dis~ 
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charge device comprising an electron emit 
ting cathode, an anode and two grids inter 
posed between cathode and anode, means for 
maintaining one of said grids at a constant 
positive potential with respect to the oath 
ode, means for varying the potential of the 
other grid with respect to the cathode, and 
means for impressing upon the anode a posi 
tive potential of reater value than that at 
which the ?rst 0 said grids is maintained. 

22. An evacuated vessel containing a ?la 
ment electrode and a cold electrode, a second 

> cold electrode located between the ?lament 

20 
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and the ?rst cold electrode, and a third cold 
electrode located between the ?lament and 
second cold electrode. 

23. An evacuated vessel containing a ?la 
ment electrode and a late electrode, a grid 
electrode interposed etween the ?lament 
and the plate electrode, and a second grid 
electrode interposed between the ?rst grid 
electrode and the ?lament. 

24. An electron discharge device compris 
ing an evacuated vessel containing an elec 
tron emittin cathode, a grid electrode sur 
rounding said cathode and a second grid 
electrode outside of said ?rst grid electrode, 
a stem through which leading-in conductors 
for at least two of said electrodes are sealed, 
and a support for all of said electrodes aris 
ing from said stem. 

25. An electron discharge device compris 
ing an evacuated vessel, an electron emitting 
cathode, a grid electrode, a second rid elec 
trode interposed between said cat ode and 
the ?rst grid electrode, a stem through which 
leading-in conductors for a plurality of said 
electrodes are sealed, and a support for all 
of said electrodes arising from said stem. 

26. An electron discharge device compris 
ing an evacuated vessel, an electron emitting 
cathode, a grid electrode, a second grid elec 
trode inter osed between said cathode and 
the ?rst grid electrode, and a support of in 
sulating material within said vessel for sup 
porting all of said electrodes. 

27. An electron discharge device compris 
ing an electron emitting cathode, an anode, 
a pair of grid electrodes located in di?'erent 
planes between said cathode and said anode, 
an evacuated vessel, and asupport of insu 
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lating material for supportin the cathode 
and grid electrodes in_desire spaced rela 
tion within said vessel. 

28. In an electron discharge device in 
which a stream of electrons passes from one 
point to another, a plurality of grids lo 
cated in different planes and successively 
passed by the electron stream. 

29. In an electron discharge device in 
which a stream of electrons passes from one 
point to another, a plurality of ids which 
are successively passed by tg; electron 
stream. 

30. An electron discharge device compris 
ing an electron emitting cathode‘, a grid elec-' 

55 

trode, a second grid electrode interposed be- ' 
tween said cathode and the ?rst grid elec 
trode, an evacuated container, and support 
ing means for supporting all of sai elec 
trodes from a single point in said container. 

31. An electron discharge device compris 
ing an electron emitting cathode, a grid elec 
trode, a second grid electrode interposed be 
tween said cathode and the ?rst grid elec 
trode, an evacuated container and su port 
ing means for supporting all of said) elec 
trodes from a single point in said container, 
said supporting means being arranged to 
insulate all of said electrodes from one an— 
other. 

32. An electron discharge device compris 
ing an evacuated vessel containing an elec 
tron emitting cathode, a grid electrode, a 
second lgrid electrode interposed between 
said cat ode and the ?rst grid electrode, a 
stem throu h which leading-in conductors 
for a plura ity of said electrodes are sealed, 
and means for supporting a plurality of 
said electrodes from said stem. 

33, An electron discharge device compris 
ing an evacuated vessel containing an elec 
tron emitting cathode, a grid electrode, a 
second grid electrode interposed between 
said cathode and the?rst grid electrode, a 
stem throu h which leading-in conductors 
for a plura ity of said electrodes are sealed,. 
and means for supporting all of said elec 
trodes from said stem. 
In witness whereof, I have hereunto set 

my hand this 27th day of October 1913. 
IRVING LANGMUIR. 
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