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My invention relates to electron discharge de 
vices, particularly to electrodes such as wire grids 
and filaments for such devices. 

Electrodes in electron discharge devices, par 
ticularly in the larger types used for power and 
transmitting purposes, commonly comprise a 
number of straight parallel wires in a cylindrical 
Surface and electrically connected to lead-in con 
ductors. One end of each electrode is fixed and, 
to permit elongation when heated, the other end 
is slidably guided. In many cases the Sliding end 
of the electrode is difficult to maintain in correct 
Spaced relation to the cooperating electrodes, 
good electrical contact is impractical and the 
guiding means may at certain temperatures bind 
the end of the electrode and cause the electrode 
to bOW or buckle. 
An object of my invention is to make wire elec 

trodes for electron discharge devices which may 
be rigidly Secured at each end, yet Will not bOW 
or buckle when heated, and Which are inexpen 
sive to manufacture and easy to install. 
My invention is defined With particularity in 

the appended claims and preferred embodiments 
are described in the following Specification and 
the accompanying drawings in which Figure i 
is a sectioned view of an assembled tube embody 
ing my invention, Figure 2 is a detailed view of a 
grid constructed according to my invention, Fig 
ure 3 is a cathode constructed according to my 
invention, Figure 4 shows neans for constructing 
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an electrode according to my invention, and Fig 
ure 5 shows a detail of construction of my im 
proved electrode. 
The envelope of the tube shown in Figure 1, 

chosen for illustrating my invention, is similar to 
the tube shown in the Zottu et al. Patent 2,113,671 
issued April 12, 1938, and comprises a cylindrical 

40 
metal anode closed gas-tight at its ends by 
cylindrical glass end sections or bulbs 2 and 3 
joined coaxially with the anode by Sealing rings 
4 of a metal which readily wetS With glass and 
Welds O' brazes With the netal of the anode. 
Within the anode are concentric Screen grid 5, 
control grid 6 and cathode 7. 
The cathode comprises a plurality of heater 

Wires extending longitudinally of the anode and 
arranged in a cylindrical plane concentric with 
the anode and attached at their ends to Sup 
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porting means for keeping the cathode in insu 
lated spaced relation to the other electrodes. 
Supporting and current Supply means for the 
filament wires comprise two relatively heavy 
lead-in conductors 8 and 9 sealed gas-tight 
through collars in the outer end of the upper 

(Cl. 250—27.5) 
glass bulb 2. As shown in detail in Figure 3, the 
lower end of the filament wires are attached, 
preferably by Welding or brazing, to disc O on 
the end of center support rod which is rigidly 
Secured to conductor 9 with brackets 2. The 
upper end of the filament wires are attached to 
tubular collar 3 carried on the end of conductor 
8. While the ends of the filament are held sta 
tionary, the filament wires will not bow or buckle, 
Or change their Spacing with adjacent electrodes, 
aS more fully hereinafter described. 
The parallel wires of the control grid are cylin 

drically arranged and attached at their ends to 
round collars, the lower collar being welded to the 
end of a tubular support 4 sealed in the outer 
end to the lower glass bulb 3 to support the wire 
grid concentric With the circuit of the heater 
Wires. 
To minimize the impedance of the screen grid 

throughout its length it is constructed of a num 
ber of closely Spaced wires extending longitudi 
nally along the grid and arranged in a cylindrical 
Surface concentric With the other electrodes. To 
reduce the impedance of the lead-in conductors 
for the Screen grid and to isolate the cathode 
and control grid lead-in conductors from the 
anode and its circuit, as described in the Zottu 
et al. patent mentioned above, screen grid sup 
porting means shown in Figures 1 and 2 comprise 
tubular Supporting members 5 and 6 tapered to 
the diameter of the grid and attached at their 
inner ends to the ends of the screen grid Wires 
and Supported at their outer ends in concentric 
Spaced relation to the envelope by annular screen 
grid lead-in rings and 8, each ring being 
Sealed in the glass with its outer edge extending 
radially beyond the envelope. In the embodi 
ment shown the upper tubular supporting mem 
ber 5 is attached, preferably by welding or braz 
ing, to an up-turned flange on the inner periph 
ery of ring , and tubular supporting member 6 
at the lower end of the Screen grid is attached 
to a flange on the inner periphery of ring 8. 
As distinguished from the construction of the 

device shown in the Zottu et al. patent mentioned 
above, in which the tubular piece 6 is slidably 
journaled in the flange of the lead-in ring 18 to 
permit longitudinal heat expansion of the screen 
grid, the tubular member 6 is solidly fastened as 
by Welding Or braZing to the fange of the lead-in 
ring 8. This construction rigidly fixes the ends 
of the Screen grid so that movement during han 
dling and use is prevented and the spacing to 
the other electrodes remains constant throughout 
the life of the tube. By eliminating a slidable 
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telescoping Connection With the flange of the 
lead-in ring 8, tubular cylinder 6 at all times 
remains in its coaxial position in the tube. 
One grid constructed according to my inven 

tion, which may be fixed at its end and which 
may be heated from room to operating tempera 
tures or to white heat temperatures without de 
forming or distorting the grid conductors or 
Without bowing or buckling the grid cylinder, is 
ShOWn in detail in Figure 2. The inner ends of 
the coaxial tubular terminal members 5 and 6 
define a cylindrical plane between the members. 
One or more bands or rings 9 coaxial with and 
between the tubular members are secured to each 
of the grid conductors. The grid conductors are 
divided into sections of grid rods between the 
rings 54 and between the rings and the terminal 
members. The wire sections or rods adjacent the 
terminal member 6, for example, are each joined 
at One end to the terminal member, the other 
end of each of the rods being attached to the 
lowermost ring 9 and the point of attachment 
-of the upper end of each rod being displaced along 
Said ring Out of alignment With a longitudinal line 
through the loWerend of the rod. The Set Of par 
allel rods in the adjacent Section are joined at One 
end to the ring, the other ends being attached 
to the next ring above, preferably at a point on 
Said longitudinal line. 
Adjacent rods in One Section are Substantially 

parallel and lie in a cylindrical Surface, a second 
- set of parallel rods lying in said cylindrical sur 
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face end-to-end with the first set of rods, adja 
cent ends of the two sets of rods being joined to 
ring 9 and the angle between adjacent end-to 
end rods being less than 180°. While each ring is 
held against longitudinal movement, it is free 
to rotate so that as the temperature of the grid 
rises each rod elongates and each ring rotates 
about its axis in the grid cylinder, the rotation 
being sufficient to compensate for the elongation 
Of the connected Sections of the grid rods. 
ring rotates in a direction opposite to the direc 
tion of the next adjacent ring. Except for a slight 
elongation of the chord defined by each rod on 
the surface of the grid cylinder, the mean diam 
eter of the cylinder remains unchanged and the 
lateral position of the cylinder at the rings and 
the terminal members remains fixed. 

Obviously the adjacent end-to-end rods of the 
sections depicted in Figure 5 may, if desired, be 
made from a single piece of relatively heavy Wire, 
the ends being joined to the tubular terminal 
members 5 and 6 and the wire being bent in a 
ZigZag formation with the bends in adjacent wires 
lying in a circle in the cylindrical surface and 
joined to rings f 9. 
One convenient Way of making an electrode 

according to my invention is shown in Figure 4. 
A round mandrel 20 with an outside diameter 
Substantially that of the diameter of the desired 

- electrode is provided with a number of longitudi 
nal grooves 2 and with an integral end section 22 
equal in diameter to the diameter of a circle 
through the bottom of grooves 2. Wires of the 
desired cross sectional size and shape of refrac 
tory metal suitable for the electrode desired, such 
as iron, nickel, tantalum, molybdenum, tungsten, 
etc., are laid in grooves 2. Rings: 9 are slipped 
Over the mandrel and spot welded to each wire. 
The first section of the electrode is slipped down, 
in Figure 4, over the smooth portion of the man 
drel 22 and the end ring rotated to bend the at 
tached wires and to set each wire at an angle of 
5° to 10°. The grid is slid to the next ring along 
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the mandrel bringing the third ring to the ends 
of grooves 2 and the second ring is rotated in a 
direction opposite to the direction of rotation of 
the first. Each Succeeding section of the elec 
trode is similarly deformed, the angular displace 
ment of each ring preferably being uniform. The 
end rings of the electrode may then be attached 
to tubular support members 5 and 6 and 
mounted in the tube, the tubular members being 
rigidly Secured to ring supports 7 and 8. 
A cathode constructed according to my inven 

tion and adapted for mounting in the tube of 
Figure 1 is shown in detail in Figure 3. The elec 
trode wires 76 of a refractory metal, such as 
tungsten and thoriated to render the wire. elec 
tron emissive at high temperatures, are con 
Structed in the same manner as the grids above 
described. Although the ends of the filament are 
held stationary by disc 0 and collar 3 so that 
the overall length of the filament may not change 
during heating, the Spaced rings fastened to the 
filament wires rotate to take up the expansion 
of the filament wires and prevent bowing or 
buckling of the wires and lateral displacement of 
the electrode. 
While it is desirable that the bends or bights in 

the conductors be guided along a circular path by 
rings 9 attached to the conductors, it has been 
found that the rings may be displaced along the 
Cylinder from the bends to permit the bends to 
travel a short distance in a path tangential to the 
cylinder. Further, the rings may, if desired, 
loosely encircle the conductors and may be held 
in Spaced relation along the cylinder by suitable 
Spacing means. When the conductors are rela 
tively heavy and self-sustaining the rings may 
be omitted, it having been found the slight de 
formation of the electrode caused by the displace 
ment of the conductors is negligible, especially 
Where the radius of the electrode is large or where 
the Surface of the electrode is substantially planar. 

Electrodes constructed according to my inven 
tion may be mechanically fixed at both ends, will 
not bow or buckle when heated, are inexpensive 
to manufacture and easy to install. 

I claim: 
1. A cylindrical electrode comprising spaced 

coaxial annular members, a ring coaxial with 
and between said annular members in the cy. 
lindrical Surface of said members, a plurality of 
Substantially parallel rods, each joined at one 
end to one of said annular members, and at 
tached at the other end to said ring, the point 
of attachment of said other end of each rod 
being displaced along said ring out of longitudi 
nal alignment with the rod ends joined to said 
one tubular member, a second set of substan 
tially parallel rods each joined at one end to 
Said ring, the other end of each rod of said sec 
ond set of rods lying in said cylindrical surface 
and in longitudinal alignment with said one end 
of each of the first mentioned rods and mechani 
cally fastened to the other annular member. 

2. An electrode for an electron discharge de 
Vice comprising a first set of substantially par 
allel rods disposed in a cylindrical Surface, a 
Second set of substantially parallel rods disposed 
in a cylindrical surface coaxial and end-to-end 
With the first set of rods, a ring, adjacent ends 
of the two sets of rods being joined to said ring, 
means to hold the outer ends of the rods against 
longitudinal movement, the angle between ad 
jacent end-to-end rods in the two sets of rods 
being less than 180°. 
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3. An electrode adapted to be fixed against 

elongation without deformation comprising a 
first set of parallel rods lying in a surface, a sec 
Ond Set of parallel rods lying in a second surface 
co-extensive and end-to-end with the first men 
tioned surface, means joined to adjacent ends 
Of the two sets of rods to hold the ends of the 
rods in each set in fixed spaced relation, means 
to hold the Outer ends of the rods against the 
longitudinal movement, adjacent ends of each 
pair of end-to-end rods being Out of alignment 
with the outer ends of said end-to-end rods, 
and Said means being free to move upon elonga 
tion of said rods. 

4. An electrode comprising spaced coaxial tu 
bular metal terminal members, a ring between 
and coaxial With said members, a plurality of 
parallel spaced wires joined to said members and 
to said ring with a section of each wire on either 
side of said ring, the angle between One side of 
each Section of each wire on One side of said 
ring being less than 90° with a plane through 
said ring and the angle between said plane and 
said one side of each Wire on the other side of 
said ring being less than 90. 

5. An electrode for an electron discharge de 
Vice comprising a plurality of Wires, two coaxial 
terminal tubular members Secured to the end of 
said wires, a plurality of spaced metal rings co 
axial with Said members, each wire extending 
from one terminal member to the other along a 
ZigZag path and attached to said rings, the bends 
in adjacent wires lying in circles. 

6. An electron discharge device comprising 
an envelope, an electrode in said envelope, two 
Spaced Support means for said electrode, the 
electrode comprising two coaxial tubular support 
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members, each member rigidly secured to one of 
said support means, a plurality of Substantially 
parallel Spaced conductors in a cylindrical Sur 
face coaxial With said members and joined at 
their ends to said members, the conductors being 
made in a zigzag form, adjacent bends in adja 
cent conductors lying in circles Coaxial With Said 
members, and Spaced ringS Surrounding Said con 
ductors and secured to the conductors. 

7. An electron discharge device comprising an 
envelope, tWO spaced SupportS a fixed distance 
apart in said envelope, an electrode between 
said Supports comprising a plurality of unifornly 
Spaced conductors in the Surface of Said elec 
trode supported at their ends by said Supports, 
each conductor extending along a ZigZag path, 
means mechanically connecting adjacent bends 
of adjacent conductors in fixed Spaced relation 
to permit thermal expansion of the conductors 
without materially deforming said electrode. 

8. An electron discharge device comprising an 
envelope, an anode, a plurality of spaced tubular 
electrodes in and concentric with said anode, one 
of said electrodes comprising a plurality of sub 
stantially parallel conductors extending length 
wise of the electrode and lying in a cylindrical 
surface, annular support members fixed in co 
axial spaced relation, the ends of the conductors 
being joined to the Support members, each con 
ductor being bent to form a ZigZag, the bends in 
the conductors lying in circles, rings around the 
electrode and joined to the Wires at Said bends, 
the rings being free to rotate about the axis of 
the electrode upon an elongation of the conduc 
tors. 
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