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To all whom it may concern: 
Be it known that I, WILLIAM G. Hous 

KEEPER, a citizen of the United States, re 
siding at New York, in the county of New 
York and State of New York, have invented 
certain new and useful Improvements in 
Electron-Discharge Devices, of which the 
following is a full, clear, concise, and exact 
description. 

This invention relates to electron dis 
charge devices, such as the audion, and per 
tains more especially to the electrode sup 
porting structure and the arrangement of 
the lead wires for the electrodes. 
An object of this invention is to provide 

a rugged and compact electrode unit which 
is capable of being subjected to high volt 
ages without injury. Another object is to 
provide a simple and efficient means of sup 
porting such an electrode unit. A further 
object is to prevent leakage currents be 
tween the lead-in wires for the various elec 
irodes of a vacuum tube. Still other ob 
jects will be apparent from the detailed de 
scription of the drawings. 

For convenience this invention will be 
illustrated and described in connection with 
a tube of the three-electrode type compris 
ing an anode, a cathode and a control or 
grid electrode enclosed in a gas tight, pref 
erably evacuated vessel. 
The electrode unit hereinafter described 

in detail as constituting one form of this 
invention, comprises a flattened cylindrical 
anode supporting at either end a block of 
insulating material. The cathode and grid 
electrodes are located within the anode and 
are supported by suitable means fastened 
to the hlocks of insulating material. The 
electrode unit comprising the three above 
mentioned electrodes is supported in the 
tube by having the anode terminate in a 
metallic collar which surrounds an inwardly 
projecting neck of the containing vessel and 
which is preferably frictionally held thereto. 
Such a structure is very rugged and is 
adapted to be employed with high anode 
cathode voltages. 

in employing such a tube in high voltage 
circuits, special precautions are frequently 
necessary to prevent discharges or corona. 
effects between the various lead-in wires for 
the electrodes or between one of the wires 

1920. Serial No. 397,764. 

and the above mentioned supporting collar 
and also to prevent appreciable leakage cur 
rents through the glass located between the 
lead-in wires due to high frequency po 
tential differences therebetween. These del 
eterious effects may be prevented by sur 
rounding one or more of the lead-in wires 
by evacuated glass tubes in a manner here 
inafter described in detail. 
This invention will be better understood 

by reference to the following detailed de 
scription taken in connection with the ac 
companying drawings in which Fig. 1 rep 
resents a vacuum tube of the three-electrode 
type embodying this invention; Fig. 2 rep 
resents a modification of the sealing-in ar 
rangement for the lead-in wires of the tube 
and Fig. 3 illustrates how the tube of this 
invention may be employed in an electric 
circuit for amplifying or repeating electric 
currents. 
The electron discharge device illustrated 

in Fig. 1 comprises an evacuated container 5 
of glass which has an inwardly projecting 
neck 6 also of glass. The flattened cylin 
drical anode 7 of the electrode unit of the 
device is supported by two T-shaped mem 
bers, 8 and 9, which are fastened to a me 
tallic collar 10 surrounding neck 6. The 
collar 10 is maintained in position on neck 
6, preferably by friction only. Collar 10 
is preferably made crimped in a plurality 
of places and is fashioned so as to originally 
have an effective diameter slightly less than 
the diameter of the neck 6. The collar 10 
may then be forced on neck 6 so that it is 
tightly held thereto by friction. 

Fastened on opposite sides of anode 7 are 
metallic posts 12 and 13 for supporting at 
either end of the anode, blocks of insulating 
material 14 and 15. The blocks 14 and 15 
are preferably made of lavite, since such a 
material can be readily machined and freed 
of absorbed gases. The use of lavite, how 
ever, in a vacuum tube is not a part of this 
invention, but is described and claimed in a 
Copending application of William A. Knoop, 
filed April 18, 1919, Serial No. 290,968. 
Within the anode 7 is located a double 

W-shaped filament 17 supported at one end 
by wires 18 and by wires 19 at the other 
end. Wires 19 are preferably rigidly set in 
the lavite block 15, while wires 18 pass up 
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through apertures in block 14 and are re 
siliently supported by springs 20. This 
manner of resiliently supporting a filament 
is not a part of this invention, but is de scribed and claimed in a copending applica 
tion of Paul A. Watrous, filed November 
25, 1919, Serial No. 340,455. 
The control or grid electrode for the de 

vice comprises ahelical wire 25 which is 
welded at a plurality of points to a plurality 
of wires 26, 27, 28 and 29. Upright wires 
26 and 28 are rigidly connected at their 
lower ends to insulating block 15; at their 
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upper ends, wires. 26 and 28 pass loosely 
through apertures in block 14 so as to allow 
the expansion of the grid electrode due to 
heat. Upright wires 27 and 29 are prefer 
ably not fastened to either of the blocks 14 
or 15 since it is generally found sufficient to 
fasten only two of the vertical grid wires to the insulating blocks. 

External connections for the anode, cath 
ode and grid are provided by the lead-in 
wires 30, 31, 32 and 33, lead-in wire 30 be 
ing connected to the grid, wire 31 being 
connected to the two ends and wire 32 to 
the midpoint of the double M-shaped fila 
ment and wire 33 being connected to the 
anode. It is to be noted that wire 30 is not 
sealed in the glass at the point 35 of the neck 
as is the usual practice, but instead is sealed 
in the glass at the lower end of an evacuated 
tube 36, the other end of which is sealed to 
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the point 35 of the neck of the tube. Lead 
in wire 30 is therefore surrounded by a 
vacuum from the point 35 to point 37. The 
lead-in wire 33 for the anode is similarly 
sealed in at the lower end 40 of an evacuated 
tube 41, the upper end of which is sealed to 
the point 42 of the neck 6. Such an ar 
rangement increases enormously the distance 
along the glass between the points where 
the lead-in wires 30 and 33 are sealed in the 
glass with respect to the sealing-in point for 
the cathode. Leakage currents between the 
various lead-in wires by means of these evac 
uated tubes is therefore reduced to a neg 
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ligible value on account of the long leakage 
path between the sealing points of the lead 
in wires. The provision of the evacuated 
tubes 36 and 41 also aids in preventing arc 
ing or other discharges between the portion 
of the lead-in wires enclosed or surrounded 
by the neck 6. In order to aid in insulat 
ing the filament lead-in wires 31 and 32 
from the other lead-in wires of the tube it 
is frequently found convenient to surround 
the wires 31 and 32 by glass tubes 45 and 46 
which, however, need not necessarily be 
evacuated. Similarly, glass tubes. 47 and 48 
may be placed on lead-in wires 30 and 33 at 
their lower ends for aiding in the insulation 
of these two wires from the filament lead-in 
wires, 
Another way in which leakage currents 
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between the sealing-in points of the lead-in 
wires may be reduced to negligible value is 
shown in Fig. 2. In this modification the 
two filament lead-in wires 3 and 32 are 
surrounded by an evacuated tube 50 to which 
the lead-in wires are sealed only at the lower 

slend 51. Similarly the grid lead-in wire 30 
is enclosed in an evacuated tube 52 as in Fig. 
1. The lead-in wire 33 for the anode in this 
modification, need not be enclosed in an 
evacuated tube, since ample protection from 
leakage currents over the glass and dis 
charges between the lead-in wires is secured 
by tubes 50 and 52. 
One way in which the tube illustrated in 

Fig. 1 may be employed for repeating elec 
tric currents is shown in Fig. 3 in which the 
tube 5 is shown as having its input termi 
nals connected by a transformer 55 to an in 
coming line 56, while its output terminals 
are connected by a transformer 57 to an 
outgoing line 58. Cathode 17 is heated by 
a battery 59 while space current for the tube 
is provided by a source of voltage 60. The 
Source of voltage 60 for the type of tube dis 
closed in Fig.1 may safely be as high as 
2000 volts or more. With such an arrange 
ment tube 5 may be employed for repeating 
to line 58 amplified currents received by tube 
5 from line 56. 

It is to be understood that the electrode 
structure above described represents only 
one form in which applicant's invention may 
be used and that the above described form 
may be variously modified without depart 
ing in anywise from the spirit of this in 
vention as defined in the appended claims. 
What is claimed is: 
1. An electron discharge device compris 

ing a gas tight vessel having a reentrant in 
tegral stem, a metallic collar held to said 
stem solely by friction, and an electrode sup 
ported by said collar. 

2. An electron discharge device compris 
ing a gas tight vessel having an inwardly 
projecting neck, a crimped metallic collar 
on said neck, and an electrode supported by said collar. 

3. An electron discharge device compris 
ing a gas tight vessel having an inwardly 
projecting neck, a crimped metallic collar 
surrounding said neck, an electrode unit in 
said vessel and a plurality of T-shaped mem 
bers fastened to said collar for supporting said unit. 

4. An electron discharge device compris 
ing a cathode, a control electrode, an anode 
surrounding said cathode and control elec 
trode, a pair of supports carried by said 
anode out of contact with the major por 
tion of said anode, said pair of supportsbe 
ing located at opposite ends of said anode 
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and means for supporting said cathode and 
control electrode from said pair of supports. 

5. An electron discharge device compris 30 
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ing a gas tight vessel having an inwardly 
projecting neck, an anode supported by Said 
neck, a pair of supports carried by said 
anode out of contact with the major portion 
of said anode, said pair of supports being 
located at opposite ends of said anode, a 
cathode, a control electrode and supporting 
means for said cathode carried by each of 
said pair of supports. 

6. An electron discharge device compris 
ing a gas tight vessel having an inwardly 
projecting neck, an anode supported by said 
neck, a pair of supports carried by Said 
anode but out of contact with the major 
ortion of said anode, said pair of supports 
E. located at opposite ends of said anode, 
a cathode, a control electrode and support 
ing means for said control electrode engag 
ing each of said pair of Supports. 

7. An electron discharge device compris 
ing a containing vessel having an inwardly 
projecting neck, an anode frictionally Sup 
ported by said neck, cathode and control 
electrodes surrounded by said anode, a block 
of insulating material carried by said anode 
at either end thereof and supporting means 
for said control electrode engaging each of 
said blocks. 

8. An electron discharge device compris 
ing a containing vessel having an inwardly 
projecting neck, an anode supported by a 
crimped collar surrounding said neck, 
blocks of insulating material carried by said 
anode at opposite ends thereof, and cathode 
and control electrodes supported by said 
blocks. 
^ 9. An electrode assembly comprising an 
anode, cathode and control electrodes sur 
rounded by said anode, a block of insulat 
ing material carried by said anode at either 
end thereof and out of contact with the 
major portion of said anode and means for 
supporting said control electrode and said 
cathode between said blocks, 

10. An electrode assembly comprising an 
electrode, a block of insulating material sup 
ported by said electrode at either end there 
of and out of contact with the major por 
tion of said electrode, a second electrode 
surrounded by said first electrode and means 
for supporting said second electrode between 
said blocks. 

11. An electron discharge device compris 
ing a gas tight vessel having a stem, a me 
tallic collar surrounding said stem and held 
thereto by friction only, an electrode Sup 
ported by said collar, a pair of insulating 
blocks supported by said electrode and a sec 
ond electrode spaced between said blocks 
and supported thereby. 

12. An electron discharge device compris 
ing a gas tight vessel having a stem, an 
electrode supported by said stem, two blocks 
of insulating material supported by said 
electrode, said blocks having their greatest 

dimensions parallel to each other and paral 
lel to a surface of said electrode and a sec 
ond electrode mounted between said blocks 
and supported thereby. 

13. An electron discharge device compris 
ing a containing vessel having an inwardly 
projecting neck, a cathode, an anode sur 
rounding said cathode and supported from 
said neck, a block of insulating material 
carried by either end of said anode, said 
blocks having their greatest dimensions 
arallel to each other and parallel to a Sur 
ace of said anode, said cathode being 
mounted between said blocks and supported 
thereby. 

14. An electron discharge device compris 
ing a stem, an anode supported by said 
stem, a block of insulating material at either 
end of said anode, said anode having pro 
jections passing through apertures in each 
of said blocks whereby said blocks are fas 
tened to said anode, a cathode, a control 
electrode and supporting wires for said 
cathode and control electrode inserted in 
apertures in each of said blocks. 

15. An electron discharge device compris 
an evacuated vessel having a stem, an elec 
trode supported by said stem, a tubular 
member carried by the stem and communi 
cating with the interior of the vessel a lead 
in Wire for said electrode passing through 
said stem and sealed in the outer end of said 
tubular member, said lead-in wire being out 
of electrical contact with said tubular mem 
ber except at the sealing-in point. 

16. An electron discharge device compris 
ing an evacuated vessel having a stem, cath 
ode, control and anode electrodes supported 
by said stem, lead-in wires for said elec 
trodes passing through said stem, an evacu 
ated tubular member within said stem and 
surrounding a plurality of said lead-in 
WeS. 

17. An electron discharge device compris 
ing an evacuated vessel having an inwardly 
projecting neck, cathode, anode and control 
electrodes Supported by said neck, lead-in 
Wires for Said electrodes passing through 
said neck and an evacuated tubular member 
of insulating material surrounding the cath 
ode and control electrode lead-in wires. 

18. An electron discharge device compris 
ing an evacuated vessel having a neck, the 
interior of said neck being substantially at 
atmospheric pressure, electrodes in said ves 
sel, lead-in wires within said neck for said 
electrodes and evacuated tubular members 
within said neck and Surrounding a plural 
ity of said lead-in wires. 

19. An electron discharge device compris 
ing an evacuated vessel having an inwardly 
projecting neck, cathode, anode and control 
electrodes supported by said neck, lead-in 
wires for said electrodes passing through 
said neck and evacuated tubular members of 
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glass within said, neck and surrounding a 
plurality of said leadin wires, said tubular 
members being sealed to said lead-in wires 
only at that end of each tubular member re 
mote from said electrodes. 

20. An electron discharge device compris 
ing an evacuated vessel having a stem, an electrode supported by a collar surrounding 
said stem, a second electrode cooperating 
with said first electrode, a lead-in wire for 
one of said electrodes sealed in said stem, 

5 

and a tubular member surrounding said 
lead-in wire for preventing electric dis 
charge effects from said wire, said tubular 
member being free of electrical conductive 
material except for said lead-in wire. 

21. An electron discharge device compris 
ing an evacuated vessel having an inwardly 
projecting neck, an anode supported by a 
metallic collar attached to said neck, a cath 
ode, a lead-in wire for said cathode sealed in 
said neck, and a tubular member surround 
ing the portion of said wire adjacent said 
collar for preventing corona effects between 
said wire and said collar when high voltages 
are applied to said anode and cathode, said 
tubular member being free of electrical con 
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ductive material other than said lead-in 
We - 

22. An electron discharge device compris 
ing an eyacuated vesselhaying a neck, a plu 
rality of electrodes, lead-in wires sealed in 
said neck for said electrodes, and a tubular 
member cooperating with said neck, to pro 
vide a housing for one of said lead-in wires 
for preventing discharge effects from the 
housed lead-in wire, said tubular member 
being free of electrical conductive material 
other than said lead-in wire. 

23. An electron discharge device compris 
ing a containing vessel having a neck, a col 
lar engaging said neck, and an electrode sup 
ported by said collar, said collar having cor 
rugations extending in the direction of its 
axis for rendering said collar expansible. 

24. An electron discharge device compris 
ing a containing vessel having a neck, a nor 
mally contracting readily expansible collar 
adapted to be expanded and slipped over 
said neck and released to grip the same, and 
an electrode Ed by said collar. 
In witness whereof, I hereunto subscribe 

my name this 14th day of July A. D., 1920. 
WILLIAM G. HOUSEKEEPER. 
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