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This invention relates to electrical space dis-
charge tubes of small dimensions, such as those
used in small portable devices, pocket radios and
hearing aids, for example, which may be carried
on the person. In order that the tubes may he
utilized in such devices they must of necessity
be made extremely small.

One of the objects of the present invention is
to provide a tube of the general type referred to
in which certain tube elements and their ar-
rangement are such that said elements can be as~
sembled in a very small space, thus materially
reducing the size of the tube.

Another object of the inventjon is to provide
a tube of the type referred to which combines
small size with relatively high amplification and
low operating voltage.
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Another object of the present invention is to

provide a tube comprising a single filament cath-
ode supported at two points only, a plurality of
anodes cooperating with said cathode and a plu-
rality of additional electrodes between said cath-
ode and each anode.

A further object of the invention is to provide
a double space charge tetrode in which the two
tetrodes have g common cathode and are adapted
to operate in cascade. )

These and such other aims and objects of the
invention as may hereinafter appear will be best
understood from the following description, taken
in connection with the accompanying drawings,
of a tube incorporating one embodiment of the
invention herein presented for illustrative pur-
poses.

In the drawmgs

Pig. 1 is a longitudinal section of & tube incor-
porating one illustrative embodiment of the in-
vention;

Fig. 2 is a longitudinal- cross—sectmn on line
2—2 of Fig. 3;

Fig. 3 is a cross-section on 11ne 3—3 of Fig. 1;
and

Fig. 4 is a section on line 4—4 of Fig. 2.

The illustrative embodiment of the invention

shown in the drawings comprises an evacuated 4!

envelope 2 of glass or other suitable material con-
taining the tube assembly which comprises a sin-
gle filament cathode 4, a pair of anode plates 6
and 8 and a plurality of grids, herein three, 10, 12
and (4, said grid 10 surrounding said cathode and
said grids 12 and 14 being interposed between said
grid 10 and said anode plates 6 and 8 respectively.
Said filamentary cathode, anode plates and grids
are suitably spaced by upper and lower insulating
spacing members 16 and 18 of mica or other suit-
able insulating material provided with suitably
spaced holes through which said filamentary
cathode and the supporting means for said anode
plates and said grids extend, as will hereinafter
more fully appear. At their edges said spacing
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members are provided with resilient projections
20 (see Fig. 3) for resiliently engaging the wall
of said envelope.

The two anode plates 6 and 8 are each mount-
ed in a frame 22 of nickel wire or other suitable
material consisting of a straight top portion 24
and depending arms 26 and 28 (see Fig. 1).

To assemble the anode structire, the arms 28
and 28 of the anode frames are inserted through
holes in said upper spacing member 16 and said
frames are then pressed down until said straight
portion 24 of each of said frames rests upon the
upper surface of said spacing member 18, where-
upon the said anode plates 6 and 8 are welded at
their edges to said arms 26 and 28 of their frames,
with the upper edge of each anode plate against
the under surface of said spacing member 6.
Said anode plates may be provided with marginal
grooves along their side edges to receive and the
better to locate said side arms 26 and 28. Said
arms of both anode plates are then inserted
through holes in the lower spacing member 18.
A lead-in conductor 30 is welded to the anode
supporting arm 26 of anode plate 6 and another
lead-in conductor 32 is welded to the anode sup~
porting arm 28 of anode plate 8 diagonally across
from said anode supporting arm 26, both of said
welds being close up against the underside of said
spacing member 18 to hold said spacing member
in place on said arms. The anode assembly is
thus completed and the two anode plates are elec-
trically connected to their lead-in wires and se-
curely fastened in place in the insulating spacing
members {6 and 18.

The grid 10 is wound upon and supported by
the grid rods 36 and 38, and surrounds the fila-
mentary cathode 4. Grids 12 and 14 are control
grids, the former being supported by rods 40 and
42 and the latter by rods 44 and 46.

The grid supporting rods are all in a straight .
line and the rods to which the ends of the grid
members of one of the control grids are secured,
alternate with the rods to which the ends of the
grid members of the other control grid are se-
cured. Actually the ends of the grid members
of each of the control grids are secured at one
end. to an endmost. grid supporting rod, and at
the other end to the next to the endmost grid
supporting rod, so that the two control grids
actually overlap longitudinally of their grid
members. This arrangement of the two control
grids, therefore, provides a very compact grid
structure and correspondingly reduces the size of
the tube.

At its upper end the ﬁlamentary cathode 4 is
welded to one end of a conducting spring mem-
ber 48 which is welded at its other end to a rod
extending through said spacing members 16 and
i8. The lower end of said filamentary cathode
is welded to a tab 50 which is welded to 8 cross=
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‘bar 52 carried by two studs 54 riveted to the
.spacing. member {8 and to which cross-bar 52
is welded in turn:a-lead-in conductor 56. The
filamentary cathode 4 passes through a triangu-

lar slot 58 in said spacing member 18 and through

‘& similar slot (not shown) in the spacing member

- §6-and-is maintained in an apex of each of said

slots by the resilient tension exerted upon said

filamentary cathode by the aforesaid spring mem--

‘ber 48.
In addition to the above-mentioned lead-in

‘conductors 30 and 32 for the two ancde plates;
and the lead-in conductor 56 for the filamentary .

cathode, additional lead-in conductors 62, 64, €6
and 68 are provided for the filamentary cath-

‘ode 4, grid (@, control grid {4 and control grid -

112, said lead-in conducter 62 being welded to the

filament supporting rod 49, said lead-in conduc-
_'tor 64 to the grid {§ supporting rog 38, said lead-

in conductor 8€ to the control grid (4 supporting
rod 48 and lead-in conductor 68 to the control
grid 12 supporting rod 48.

All of the above lead-in conductors are sealed
‘through a suitable press 10 formed externally
‘upon the base of the envelope 2.

A getter 12 may be conveniently welded to the
upper end of the supporting rod 48 of the half
grid 14, . : )

The arrangement of the electrodes and other
elements of the tube embodying the present in-
vention is extremely compact with the resulf that
the tube may be very small, and the electrode
assembly -comprising a single c¢athode cooperat-
‘ing with two anodes and three grids constltutes
in fact a double space charge tetrode in which
the two tetrodes are sufficiently isolated for op-
erating in cascade. The present invention there-
fore provides a tube which broduces a degree of
amplification substantially - equal- to that ob-
tainable from two separate “complete -tetrodes,
‘while dispensing with the additional structure
and consequent greater bulk which the addition of
the second cathode would involve.

While in the illustrative embodiment of the in-
vention herein described two control grids and
two anode plates are used, it will be apparent to
those skilled in the art that a tube comprising
a greater number of control grids and .anodes
would fall within the scope of ‘the présent in-
vention, and this would be true also of thé com-
bination of a single filament cathode with a plu-
rality of cooperating anodes and a plurality of
additional electrodes between the common - cath-
ode and each anode, the number of additional
electrodes between the common: cathode and one
of said anodes not necessarily being the same as
the number of-additional electrodes between said
common cathode and ancther of said -anodes.
Thus a tube having a certain.number of elec-
trodes could be combined with another tube hav-
irig a lesser or -a greater number of electrodes,
the two tubes having a single filament cathode in
common, and stiil be w1uh1n the scope of the pres-
ent invention.

The drain in small batteries that must be used
in portable devices; to be carried on the person,
such as those to which this invention mainly re-
lates, is a serious matter. - The present invention
aims to reduce this loss of energy as much as
possible. It has been demonstrated that an ap-
preciable part of the energy delivered to the cath-
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ode is lost due to the escape of heat from the

Jpoints of contact of the cathode with the sup-
‘porting structure.

_ In accordance with the pres-
ent invention, therefore, a single filament cath-

-ode is used which having only two ends or points

of contact with the supporting structure redquces

" to a minimum the loss of energy from the above-
mentioned.cause.

... I am aware that the present invention can be
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embodied in other specific forms without depart-
ing from the spirit or essential attributes thereof,

and I therefore desire to present description to

_ be considered in all respects as illustrative and
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not restrictive, reference being had to the ap-

vended claims rather than to the aforesaid de- -

seription to indicate the scope of the invention,

What is claimed is:

1. In an electrical space discharge tube, the
combination of a cathode, a cooperating anode.at
each side of said cathode, a space charge grid
surrounding said cathode, and a control grid be-
tween salid space charge grid and each anode,
said control grids being substantially parallel to
and overlapping each other.

2. In an electrical space discharge tube, the
combinsation of a single filament cathode, a co-

‘operating anode at each side of said cathode, a

space charge grid surrounding said cathode, and
two substantially parallel control grids, one be-
tween each of said anodes and said space charge
grid, said control grids overlapping each other
iengthwise of their grid members.

3. In an electrical space discharge tube, the

combpination of a cathode, a cooperating anode

at each side of ‘said" cathode 8 space charges grid
surrounding said cathode, a control grid between
said space charge grid and each’ anode said con-
trol grids being substantially parallel and rods
disposed in & stralght line "for' supporting said
grids, the grid members ¢f &ach 6f said- centrol
grids Weing rseéured at one end to an endmost
rod of said line of grid supporting rods’ and at
‘the other end toan intermediate rod. :

4, 'In an ‘electrical space dlscharge ‘tube, the
combination of & single filament cathode, & co-
operating anode at-each side of said ‘cathode; a

‘space charge grid surrounding said: cathode, a

- -control grid between said space charge grid and

50

each anode, and rods disposed in a straight line
for supporting said grids, the grid ‘members of
each -of sdid cortrol grids being secutred at che

. end-to an endmost rod-of said line of grid sup-~
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porting rods and at the other end to the rod next
to the endmost rod.
5. In an electrical space d1scharge tube a

“cathode, two anodes, one on each &ide -of said

cathode, a space charge grid surrounding said
cathode,-and two control grids, one between each

of said anodes and said space charge grid, said

control grids being parallel and offset with -re-

‘spect to.each other,

6. In an electrical space discharge tube, a
cathode, two anodes, one on each side of said
cathode, a space charge grid ‘surrounding ‘said
cathode, and two control grids, one between each

of said ‘ancdes and said space charge grid, -said
control grids having offset central portions and

curved marginal portions; with the curved mar-
ginal portions of gne overlappmg the curVed mar-
ginal por tior\s of the other, " -
»ROSS WOOD.



