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ELECTRIC DISCHARGE TUBE.

Application filed June 27, 1924, Serial No. 728;793, and in Netherlands July 13, 1823,

This invention has reference to electric
. discharge tubes having an incandescent cath-
“ode, an anode adapted to be cooled and one
or more controlling electrodes, and more par-
5 ticularly to discharge tubes of this kind of
high power as used for example in transmis-
sion stations for wireless telegraphy or tele-
phony. -
Discharge tubes of this kind in which the
10 cooled anode may form part of the outer
envelope of the tube can be constructed up
to much greater power than discharge tubes
the anode of which is not cooled dnd the
maximum of the power of such tubes is no
15 longer determined by the heating of the
anode but by that of the controlling elec-
trodes (grids) caused by the high positive
value which the
during the operation of the tube.
20" To avoid overheating of the controlling
“electrodes, discharge tubes of the kind de-
scribed are, according to the invention, char-

acterized by oné or more metal vessels form--

_ing part of the outer envelope of the tube
25" and serving partly or wholly as controllin
" electrodes. Such electrodes may be cooled,
for example, by circulating water, or by
radiation. ‘ :

If the dischargeetube is grovided' with an
f the outer envelope

30 anode that forms part o
«of the tube, a'second metal vessel may be ar-
. ranged within the said amode and ﬁkewise
form part of the outer envelope of the tube
said vessel serving partly or wholly as a gri
85 electrode. It must be mentioned that the
outer envelope of the tube” is to be under-
stood to mean the wall separating the vacu-
um of the tube from the atmosphere. If
the anode and the metal vessel serving partly
40 or wholly as a grid electrode are arrange
concentrically and cylindrically, the incan-
descent cathode may consist of a number of

wires, stretched parallel to the axis of the -

~ other electrodes. o :

&  In this construction the metal vessel ar-
ranged within .the anode may be provided
with longitudinal grooves and 2 grid wire
‘be wound on the ribs between the grooves,
the incandescent cathode  consisting of a

80. pumber of wires extending in the longitudi-

, nal grooves between the metal vessel and the
| grid wire, The grid wire may be omitted

rid potential may attain -

_ferent form of execution hav

fusing 8, the thickness of the wa

‘so that the incandescent cathode lies between

the grid electrode and the anode. In this
construction the grooves in the metal vessel
which serves as a grid electrode, are prefer-

ably so shaped and the wires of the incan-

descent cathode so arranged in relation there-
to that the distribution of the field at the
surface of the wires is practically uniform.

Various other new characteristics of dis-

charge tubes according to the invention will -

be apparent from the following description.
The accompanying - drawing: represents
some embodiments of. transmission triodes

according to the invention. -In the said

drawing:

Figure 1 is a vertical section of a three

electrode- transmission triode having the

grid arranged between the incandescent wire
and the anode.: .

Figure 2 is a horizontal section on a large
.scalei taken along the line II—IIL of Fig-
ure 1.

Figure 3 is a horizontal seetion taken on
the line IIT—III of Figure 1.

Figure 4 is a horizontal section of a dif-
ing the incin-

descent wire arranged between the grid and

_the anode. v

. Figure 5 is a perspective view of a device
or

wire.
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ing the lower end of the incandescent .

" The transmission triode wcording to the '

invention comprises a metal anode 1 forming
part of the outer envelope of the discharge
tube. The end of the vessel 1 is hermetically
sealed to & glass sealing member 2. The ves-

-sel 1 is furthermore threaded so as to enable

the anode of being located in a cooling vessel
3, partly shown in the drawing. - The anode
may consequently-be cooled from the outside
by any suitable cooling-means, for example
by water enclosed within the vessel 3.

The vessel 2 has hermetically fused to it
glass tubes 4 and 5 extending inwardly and
also a centrally arranged tube 6. The latter
has fused to its end & hollow métal véssel
7 carrying the grid wire. At the nflt ' gf
of the

tube 7 is preferably slightly thinner so as

to facilitate the fusing operation. The same
remark applies to the point of fusing 9 of
1'and 7 may be of

the vessel 1. The vesse
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fixed by small helixes 32 to

é
o °

any suitable metallic material which is read-
ily hermetically sealed to glass and is non-
porous. In practice chrome iron of such
composition that its coefficient of expansion
corresponds to that of the glass gives excel-
lent results. -

The vessel 7 may be cooled from the in-

side by any. suitable cooling means. A sup-
ply tube 12 and a discharge tube 13 put into
the upper end of the tube 6 by means of a
stopper 14, for example, of rubber serve for
this purpose. The vessel 7 is provided with
a number of ribs 10 and the grid wire 11 ig
helically wound on the'said ribs (Figure 3).
For the sake of clearness the grid wire is
not shewn in Figure 1. In order to facili.
tate the attachment of the grid-wire, grooves
may be cut in the ribs 10.
"~ For> the hermetical introduction of the
leading-in wires—for the incandescent cath.
ode, metal caps 16 and 17 are hermetically
fused to the ends of the tubes 4 and 5.
These caps nlay consist of material which is
readily hérmetically fused to glass, such for
example as platinum. Very good results
are also obtained by chrome iron of such
composition that its coeflicient of expansion
corresponds to that of the glass. o

On both sides of the cap 16 and 17 are
fixed rods 18, 19 and 20, 21 respectively,
which, if the caps are of chrome iron, are
preferably of material that is readily weld-
ed to chrome iron, for example nickel. - To
the rods 18 and 20 are fixed leading-in wires
22 and 23, for example of copper, and to the
ends of the rods 19 and 21 are connected
leading-in wires 24 and 25, which preferably
consist of highly refractory material, such
for example as molybdenum. -

The incandescent; cathode consists of three
wires 26, 27 and 928, for. example of tung-

_sten, mounted in parallel and shaped as a

U with a deep indentation. Currént is sup-

plied to these wires not only by the afore-

said wires 24 and 25 but also by bent lead-

mg-in wires 29 and 30 which by welding,
- soldering, or in- any other

suitable manner

are attached in grooves in the rods 19 and

21. The parallel legs of the incandescent
-wires lie in the

grooves between the ribs 10,
between the wall of the vessel 7 and the grid
wire 11. o v

The three wires are at their lower ends
a ring 88, to-
gether with clips 34 (Figure 5). The clips
are fixed to a plate 35 carrying small rods

36 and 37. These rods are capable of mov-’
Ing vertically in quartz

tubes

mounted at the, bottom of the

means of a small cover 40,
This canstruction Prevents the incandes-

38 and 389
vessel. 7 by

- cent wires from distorting and contacting

- with the vessel 7 and the

65

grid wire 11, when

expanding by heat. . .
Fig. 4 §hows 8 cross-section of g different

‘become positive or

1,550,418

form of execution. This construction has
no grid wire on the ribs 10 of the vessel 7
and the incandescent wires 26, 27 and 28
consequently lie between the vessel 7 acting
as a grid and the anode 1. The construc.

tion of the discharge tube may otherwise

correspond to that shown in Figures 1, 2
and 3. As a rule the amplification factor
in the arrangement shown in Figure 4 will
be low, for example lower than 10,

In this construction the vessel 7 serving
as a grid could Be simply cylindrical with.
out ribs, but- this resulfs in an unequal dis-
tribution of the field at the surface of the
incandescent wire which may cause difficul-
ties. For this reason the ribs 10 may be
disposed as shown in Figure 4 so thaf the
distribution of the field at the surface of
the filament becomes more uniform.

If the amplification factor in an arrange-

-ment as shown in Figure 4 is low, this has

the additional advantage that it is possible,
without increasing the anode tension tc an
abnormally high extent, to choose such a
negative grid tension that the grid does not
at least only *o a negli-
gible extent when. oscillating during the op.
eration of the tube so that also the grid ag-
sorbs practically no energy. :
Yet it may he desirable in such a construc-
tion having a low amplification factor to
cool the grid, because in discharge tubes
of very high power -especially in an ar-
rangement as shown in Figure 4, the grid
may be heated to a very high extent by the
heat radiation of the incandescent cathode
and it is also important that the energy ab-
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sorbed by the grid may be conducted away,

whenthe grid-tension unexpectedly reaches
positive values relative to the incandescent
wire. | S

It must be mentioned that the amplifica-
tion factor ¢ is to be understood to mean

~the partial differential coeflicient of  the

anode tension to the grid tension the anode
current, being kept .constant "

(i const
g= Vg zq~_cox}s .

A discharge tube according to the inven-
tion in which the arrangement is such that
the amplification factor is low, for example
lower than 10, may be used in the usual cir-
cuit arrangements. If an oscillation circuit
is interposed in the .anode circuit and the
self-induction of the former is coupled to a
self-induction interposed in the grid circuit
it will be necessary in connection with the
low value of ¢ to take care that the self-
induction (1) in the anode circuit, the mu-
tual induction (M) of the anode -and grid
circuit, the resistance (R) connected in the

‘oscillation circuit in series with the self-

induction, the capacity (C) in the oscilla-
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ti'on‘ circuit and the resistance .(r) of the
discharge tube have such a value that

as this is the condition for oscillating. In
this . circuit arrangement it is very im-
portant that the grid obtains a sufficiently
high negative potential, as there is a phase
difference of 180° between the grid tension
and the anode tension and-consequently the

lowest anode tension just corresponds to the -

highest grid tension, which-of course assists
to form grid currents. If ¢ is Jow enough
it ‘will always be possible to find at the nor-
mal anode tension a grid tension having
such a high negative value that no grid cur-
rents or hardly any occur during oscillation.

If a circuit arrangement without retroac-
tion is chosen and a forced oscillation is im-
pressed on the grid, the energy in the anode

circuit will decrease it is true by choosing -

a low amplification factor, but this may be
compensated by increasing the amplitude of
the power oscillation, as the anode energy
increases with the latter. This causes hardly
any loss of energy, as the power oscillation
impressed on the gr’id does not consume any
energy because of the absence of any grid
current.

‘What we claim is: '

1. An -electric discharge tube having an
incandescent cathode, an anode adapted to
be cooled, and at least one controlling elec-
trode, characterized in that at least one
metal vessel forming part of the outer en-

-velope of the tube serves as controlling elec-

trode. - C ‘
2. A discharge tube having an incandes-
cent cathode, an anode that forms part of

. the outer’ enveloge, and at least one control-
- ling electrode characterized in that within

45

the anode is arranged a second metal vessel
that likewise forms part of the outer enve-
lope of the tube and serves as a grid elec-
trode, : .

3. A discharge tube according to claim 2,
characterized in that the metal vessel ar-
r within the anode and forming part
of the outer envelope is provided mti lon-

itudinal grooves, a grid wire being wound
gn the ribs between the grooves, and that

the incandescent cathode consists of a num-

ber of wires extending in the longitudinal

grooves between the metal vessel and the
grid wire. :

4. A discharge tube in which the anode
and the metal vessel which, according to
claim 2, serves as a grid electrode are ar-
ranged concentrically and cylindrically,
characterized in that the incandescent cath-
ode comprises a number of wires which are
parallel to the axis of the other electrodes.
5. A discharge tube according to claim 2,
characterized in that the metal vessel, which
serves entirely as a grid -electrode, is pro-

55

vided with longitudinal grooves, and the in- -

candescent cathode comprises a number of
wires which are arranged in the said grooves,
the grooves and wires “being preferably so
shaped and arranged that the distribution

of the field on the surface of the wires is,

practically uniform. .

6. A discharge tube according to claim 2,

in which the electrodes are cylindrically and
concentrically arranged, characterized in

.that the anode has hermetically sealed to it-a

glass vessel provided with two inwardly ex-
tending tubes for the hermetical introduc-
tion of the leading-in wires for the incan-
descent cathode, and with a central tube ex-
tending upwardly and having hermetically
sealed to its end the second metal vessel. .

7. A discharge tube according to claim 2,
in which the metal vessel arranged within
the anode and forming part of the outer en-
velope is provided with longitudinal grooves,
a grid wire being wound on the ribs between
said grooves, and a plurality of incandes-
cent cathode wires extending in said grooves

"between the metal vessel and the grid wire,

characterized in that the incandescent wires
extending between the anode and the grid
electrode are united at one end by-a ring
provided with a number of clips which are
so connected to the bottom of the metal ves-
sel, from which they are insulated, that they
can only move rectilinearly in the direction
of the incandescent wire. o

In testimony whereof we affix our signa-

tures, at the city of Eindhoven, this 4th day

of June 1924. : ,
* CORNELIS BOL. .
" BALTHASAR vaN prm

POL.

70

75

80

85

100+




