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The. present - invention: relates, in general, to a
thermionic device and more particularly to a ther-
mionic tube and to methods of operating the same,

The primary ‘object of the bresent invention is
to: provide-a'thermicnic tube of exceedingly high
internal resistance. - Other objects and features
will be apparent as the specification is perused in
connection with' the accompanying drawing.

The internal resistance Ri of a tube is charac-
terized by the differential quotient

dEa
 dIa’

wherein:Ea=plate voltage and’ Ia=Dplate current
and the potentials of the other electrodes are sup-
bosed to be kept constant. It 'is well known to
those: skilled in the art, that the internal resist-
ance may be increased by.providing. a so-called
screen grid between. the control electrode and the
plate.or anode of thetube. A fine or close-meshed
grid:will give a higher internal resistance than an
open or.wide=meshed one. ‘But' it is impossible to
proceed in this way.to high internal resistances of
any- desired.value, as.in fact the plate current. de-
creases the finer :the meshes of the screen grid
are chosen.

‘According to the present invention a; higher in-
ternal resistance: is obtained by providing -a per-
forated plate.or anode and one or more additional
electrodes, which: preferably are kept on constant
potentials, beyond the plate. In this way the
internal. resistance Ri may reach values of more
than 100,000 © or even may take negative values,
so-that the resistance of the plate circuit wholly
or partially. is neutralized. .

For:better understanding the principle .of the
bresent:invention, the action of ‘a tube may be
considered, which comprises for instance a cath-
ode, ‘a rcontrol ‘grid, a screen grid, a perforated
blate or:anode and one electrode beyond the an-
ode. "The last'named auxiliary electrode is kept
on:a potential less positive than the plate poten-
tial; all the electrode potentials except the control
orsignal grid potential may be kept constant. As
the anode is perforated, not all the electrons hay-
ing passed the sereen grid will strike the same; a
part-of the electrons passes the apertures of the
anode -and proceeds towards the auxiliary elec-
trode. If the plate voltage is increased the elec-
trons are -more - accelerated and therefore the
number of -electrons passing the anode and fall-
ing upon‘the auxiliary electrode béhind the an-
ode is increased. Referring to the plate current
I» it means, that the increase of I is not-as great

as in absence of the auxiliary electrode or, in other
words, the internal resistance R:.is higher than
without the auxiliary electrode.

If the density of the electron stream to the aux-
iliary electrode becomes sufficient g, negative space
charge is built up between the anode and the alux-
iliary electrode. Some electrons, the velocity of
which is too small, are repelled by the cloud of
negative particles and return to the anode, the
others break through the space charge and strike
the auxiliary electrode. By raising the plate volt-
age-the velocity of the electrons. is increased so

that a greater percentage breaks through the .

space charge. That means, as explained above,
an increasing of the internal resistance Ri.
As.the action. of the space charge is very im-
portant for the resulting internal resistance, va-
rious. means may.be. provided for supporting and

- controlling the.space charge. It is proposed to

insert. one.or more additional grid electrodes be-
tween the anode and the auxiliary - electrode.
Buppose one grid is provided without any connec-
tion.to. another electrode or voltage source; such
2 grid is charged by the.electrons to a negative
botential, which depends upon the insulation re-
sistance of-the grid and the. density and velocity
of .the. electron .stream. TIf several such insu-
lated .or free.grids are arranged-one behind an-
other, cavities are formed by the meshes of the
grids, whereby building up the space charge is
favored. - Furthermore the additional grid  or
grids may be connected to the cathode or a neg-
ative potential. Then the desired value of inter-
nal resistance Ri is adjusted by varying the neg-
ative bias of the additional grid.

-Further details regarding the tube as well as
the circuit diagram may be taken from the ac-
companying drawing, wherein Figure 1 repre-
sents ‘the wiring diagram of .an amplifier for
alternating voltages according to the present in-
vention and Figures 2 and 3. illustrate modified
forms of the invention,

. In'Fig.'1 the input coil |, which may be con-
nected to the aerial of a receiving station or to
the plate circuit of a preceding amplifier stage,
induces the input voltage in the grid circuit,
comprising the coil 2 and the condenser 3. The

evacuated envelope 4 contains a filament 5,

which may be replaced by an indirectly heated
cathode, a control grid 6, a screen grid 1, a per-
forated anode 8, an additional grid 9 and the
auxiliary electrode 10; the latter may consist of
a metal sheet or a fine-meshed wire netting. The
filament voltage is supplied by a battery (1. The
negative bias of the control grid 6 is taken from
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a battery 12 and the plate battery is illustrated
by 14. The plate circuit contains a resonant
circuit 19, 26, which is coupled to the output coil
21. Bypass-condensers {1, 18 offer paths of low
impedance for the alternating currents. The
plate battery 14 is tapped on the points 15 and
£6, to which the auxiliary electrode I8 and the
screen grid 7 respectively are joined. The addi-
tional grid 9 is negatively charged from the tap
i3 of the grid battery {2. Preferably the tapping
points 13 and 5 are variable in order to allow
the proper adjustment of the internal resistance
of the tube.

Tt is understood, that the grid 9 may also he
omitted or without any battery connection, as
already stated, thereby resulting in a free float-
ing grid. The latter arrangement is shown in
Fig. 3, the auxiliary grid 9 being shown as not
having a lead-in conductor connection thereto.
Otherwise the circuit connections may be the
same as in Fig. 1.

Tn order to simplify the wiring and to save
lead-in wires it is proposed to connect the aux-
iliary electrode to the screen grid and/or the ad-
ditional grid @ to the cathode. The connections
may be made either within the envelope or with-
in the socket of the tube. One embodiment of
such tube is shown in Fig. 2 wherein both con-
nections are made. 30 is the evacuated en-
velope containing the indirectly heated cathode
31 and the heater 32. The grid 33 is the control
electrode, 34 the screen grid, 35 a perforated
anode, 36 an additional grid and 31 the auxiliary
clectrode. The cathode 31 is linked to the grid 36
by a wire 39 and the lead 38 connects the auxil-
iary electrode 37 to the screen grid 34. The cir-
cuit connections are otherwise the same as in
Fig. 1.

Although several modifications of the present
invention have been described, it is not limited
thereto since many changes may suggest them-
selves to those skilled in the art.

Having now described my invention, what I
claim as new and desire to secure by Letters Pat-
ent of the United States, is:

1. A thermionic device comprising a cathode
and a perforated anode, a plurality of grid elec-
trodes interposed between said cathode and an-
ode, one of said grid electrodes having a signal
potential applied thereto, and means positioned
on that side of the anode remote from the cath-
ode for producing a negative space charge ex-
ternally of the anode comprising at least one
auxiliary electrode which is maintained at a
constant potential irrespective of the signal po-
tential.

9. A thermionic device comprising a cathode
and a perforated anode, a signal control grid
and a screening grid interposed between said
cathode and anode, said control grid having a
signal potential applied thereto, and means po-
sitioned on that side of the anode remote from
the cathode for producing a negative space
charge externally of the anode comprising an
auxiliary grid electrode which is maintained at
a negative constant operating potential with re-
spect to the cathode irrespective of the signal
potential.

3. A thermionic device comprising a cathode
and a perforated anode, a signal control grid
and a screening grid interposed between said
cathode and anode, and means positioned on that
side of the anode remote from the cathode for
producing a negative space charge externally of
the anode comprising an auxiliary electrode
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which is maintained at a negative constant oper-
ating potential with respect to the cathode and
a second auxiliary electrode which is maintained
at a positive constant operating potential, said
last named electrode being positioned on that
side of the first auxiliary electrode which is re-
mote from the cathode.

4, A thermionic device comprising an evacu-
ated envelope, a cathode and a perforated anode
mounted therein, a grid electrode positioned ad-
jacent the cathode and a second grid electrode
positioned adjacent the anode, both sald grid
electrodes being interposed in the space between
said cathode and anode, and a pair of electrodes
mounted on that side of the anode remote from
the cathode, one being directly connected to the
cathode and the other being directly connected to
said second grid electrode which is adjacent the
anode.

5. A thermionic device comprising an evacu-
ated envelope, an indirectly heated cathode and
a perforated anode mounted therein, a signal
control grid positioned adjacent the cathode and
a, screening grid positioned adjacent the anode,
both said grids being interposed in the space be-
tween said cathode and anode, and a pair of
auxiliary electrodes mounted on that side of the
anode remote from the cathode, the one immedi-
ately adjacent the anode being in the form of a
grid and directly connected within the envelope
to the cathode and the other electrode being in
the form of a plate and directly connected with-
in the envelope to the screening grid.

6. In combination, a thermionic tube having
a cathode, a control grid, a perforated anode
and an auxiliary plate electrode positioned with-
in the tube in the order named, an input cir-
cuit connected between the control grid and
cathode, an output circuit including a source of
potential connected between the perforated an-
ode and cathode, and a direct electrical connec-
tion from an intermediate point on said source
of potential to the auxiliary plate electrode.

7. In combination, a thermionic tube having
a cathode, a control grid, a screen grid, an anode
and a pair of auxiliary electrodes positioned with-
in the tube in the order named, an input circuit
connected between the control grid and cathode,
an output circuit including a source of potential
connected between the anode and cathode, and
direct electrical connections from intermediate
points on said source of potential to the screen
grid and to one of the auxiliary electrodes, and
a negative potential with respect to the cathode
applied to the second auxiliary electrode.

8. In combination, a thermionic tube having a
cathode, a control grid, a screen grid, a perfo-
rated anode and a pair of auxiliary electrodes po-
sitioned within the tube in the order named, an
input circuit connected between the control grid
and cathode, an output circuit connected be-
tween the anode and cathode, said output cir-
cuit including a source of potential with its max-
imum potential applied to the anode, and direct
adjustable connections from the screen grid and
the second auxiliary electrode to points on said
potential source of lesser potential, and a con-
stant potential with respect to the cathode ap-
plied to the first auxiliary electrode.

9. In combination, a thermionic tube having a
cathode, a control grid, a screen grid, a per-
forated anode and a pair of auxiliary electrodes
positioned within the tube in the order named,
an input circuit connected between the control
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grid and cathode, an output circuit connected
between the anode and cathode, said output cir-
cuit including a source of potential with its max-
imum potential applied to the anode, direct ad-
justable connections from the screen grid and
the second auxiliary electrode to points on said

potential source of lesser potential, a source of
biasing potential included in the input circuit,
and a direct adjustable connection from the first
auxiliary electrode to the biasing potential
source,
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