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This invention relates to electron discharge devices,
and in particular to such devices having an emitter elec-
trode heated to thermionic emission temperatures and a
collector electrode.

In the design of a vacuum tube device there are several
factors, the choice of which determines the perveance of
the device. The perveance of a vacuum tube for a given
tube structure is an essentially constant term in an’ ex-
pression giving the electron current due to the electron
emission from the emitter electrode, commonly referred
to as the cathode, which arrives at the collector electrode,
commonly referred to as the anode. The perveance of a
tube is known to depend on the tube geometry, notably
the area and spacing of the emitter and collector elec-
trodes, on the extent of evacuation of the tube envelope,
and on the properties of the emitter surface as determined
by the nature of its composition and by its temperature.

With respect to the collector electrode, however, much
less attention has been paid to the condition of its sur-
face, since it is not intended to function as an emitter,
and since in fact the function of the tube would be de-
feated in many applications if the collector surface did
serve as an electron emitter. For this reason the choice
of ancde material and its surface condition has been de-
termined primarily by considerations of structural con-
venience and without regard to the possible influence of
the condition of the anode surface, as distinguished from
its shape, size, and placement, upon the perveance of the
tube. These considerations apply to some degree to all
electron discharge devices without limitation to diodes.
Thus electron discharge devices may be relatively inefi-
cient in operation due to failure to provide an anode
surface condition conducive to maximum electron dis-
charge current between cathode and anode.

It is an object of this invention, therefore, to provide a
new and improved electron discharge device which avoids
one or more of the disadvantages of the prior art devices.

It is another object of the invention to provide a new
and improved method of effecting electron discharge cur-
rents between a thermionic emitter electrode and a col-
lector electrode.

It is a further object of the invention to provide new
and improved electron discharge devices of increased
perveance resulting from the conditioning of both the
emitter and collector surfaces.

It is yet another object of the invention to provide a
new and improved electrical generator for transducing
from thermal energy, applied to electrodes in an evacu-
ated envelope, to electrical energy represented by an elec-
tromotive force developed between these electrodes and
by the corresponding thermionic currents passing there-
between.

In accordance with the invention, an electron discharge
device, having in an evacuated envelope an emitter elec-
trode arranged to be heated to a thermionic emission
temperature and a collector electrode spaced therefrom,
comprises in association with the collector electrode,
means for increasing the magnitude of any electron dis-
charge currents passing through the device by heating the
collector electrode to an elevated temperature above 400°
C. but at least about 100° C. less than the aforementioned
emitter electrode temperature. More generally expressed,
the collector elecirode temperature should have a value
above 400° C. but less than about 90 percent, on an
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absolute temperature scale, of the value of the emitter
electrode temperature.

Also in accordance with the invention, the method of
effecting electron discharge currents in an evacuated en-
velope between an emitter electrode heated to a therm-
ionic emission temperature and a collector electrode com-
prises applying heat to the collector electrode to raise it
to an elevated temperature above 400° C. but at least
about 100° C. less than the emitter electrode temperature,
whereby the magnitudes of the discharge currents obtain-
able are substantially greater than those obtainable when
the collector electrode is subjected only to such heating
as might be incidental to operation of the diode without
the aforementioned application of heat to raise the col-
lector electrode to such elevated temperature.

In accordance with a feature of the invention, an elec-
trical generator comprises an evacuated envelope, emitter
and collector electrodes therein having mutually confront-
ing surfaces, means for heating the emitter electrode to
a thermionic emission temperature and for heating the
collector electrode to an elevated temperature above 400°
C. but at least about 100° C. less than the aforementioned
emitter surface temperature, and circuit connections
through the envelope to the emitter and collector elec-
trodes for utilizing the electrical energy, transduced from
the thermal energy applied to the electrodes, which is
represented by an electromotive force developed between
the electrodes and by the corresponding thermionic cur-
rents passing therebetween.

In accordance with a further feature of the invention,
an electron discharge device, having a vacuum tube en-
velope containing two heated electrodes with respective,
mutually confronting, closely spaced surfaces of substan-
tial area, comprises, on these electrodes, individual pol-
ished surface portions of closely matching shape forming
the confronting surfaces, means for biasing these surfaces
of the electrodes toward each other, and an arrangement
for maintaining the relative spacing of these surface por-
tions. This arrangement includes in one of the surface
portions a plurality of notches, each having a predeter-
mined depth and each having wall portions with a pre-
determined mutual angle of inclination opening outwardly
toward the other of the surfaces, and also includes a plu-
rality of insulating members having arcuate portions ex-
tending from the aforesaid other surface and seated in
corresponding ones of the notches at points determined by
the curvature of the arcuate portions.

For a better understanding of the present invention,
together with other and further objects thereof, refer-
ence is had to the following description taken in con-
nection with the accompanying drawings and its scope
will be pointed out in the appended claims.

In the drawing,

FIG. 1 illustrates in sectional elevation a diode vacuum
tube structure embodying the present invention and in-
cluding in schematic representation certain circuit com-
ponents associated therewith;

FIG. 2 is a lateral sectional elevation giving a detailed
view of an alternative arrangement for maintaining elec-
trode spacing in a tube structure generally similar to that
of FIG. 1;

FIG. 3 is a graph, including a family of curves for
various cathode temperatures, giving the relationship be-
tween the anode temperature and the electron discharge
current in a diode structure; and

FIG. 4 is a graphical representation for cold and hot
anode temperature conditions of the electron discharge
current and of the corresponding power delivered to an
external load as a function of the load resistance.

Referring now to FIG. 1 of the drawings, there may be
seen in a sectional view taken vertically through its center
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a vacuum tube structure comprising a vacuum tube enve-
lope or evacuated shell including a cyhndrlcal glass tube
11. The open end of the glass tube 11 is sealed at the
bottom theréof within a shallow cup 12 of a reinforced
plastic or resin material in conventional manner. Elec-
trode lead pins 13, 14, 15, 16 and 17 protrude downward
through the base 12 for effecting electrical connections to
the interior of the envelope. The envelope has been
sealed at its top in conveuntional manner after thorough
evacuation using known techniques to obtain a high vacu-
um in spite of the tendency of certain gases to be adsorbed
on the internal surfaces.

The structures within the tube are carried by a pair of
posts 18 and 19, which -are supported at their lower ends
as they pass through the base 12 and at their upper ends by
a mica disk 21, the periphery.of which rests-against the
inside surface of the glass tube 11 near the top of the tube.
The posts 18 and 19 are insulated from each other elec-
trically and thermally by the material of the base 12 and
the disk 21, and the lower ends of these posts form the
above-mentioned lead pins 13 and 14 respectively.

An emitter electrode 22 and a collector electrode 23 are
supported within the tube envelope by respective bracket
members 26 and 27, the member 26 being spot-welded to
the post 18 and to the left end of the electrode 22 and the
member 27 being spot-welded to the post 19 and to the
right end of the electrode 23. In this way conductive
connections are obtained from the electrode 22 through
the member 26 and post 18 to the pin 13 as well as from
the electrode 23 through the member 27 and post 19 fo the
pin.14. The spaced electrodes 22 and 23 have the form
of metallic cylinders, each closed at one end to provide
mutually  confronting spaced surfaces 28 and 29 respec-
tively, while the cylinders are open at their other.or outer
ends. By appropriate design of the supporting structures,
and. 1f ‘necessary with the inclusion of additional structural
members such as 26 and 27.to hold the electrodes rigidly
within the envelope, the confronting electrode surfaces 28
and 29 can be held in parallelism and closely spaced even
though the confronting surfaces may be of substantial
area.. Alternative arrangements prov1d1ng closely. spaced
electrode surfaces of large area are discussed hereinbelow
in connection with FIG. 2 of the drawings.

Means are provided in the FIG. 1.arrangement for heat—
ing the emitter electrode, for,example the electrode 22 or
at least its electrode surface 28, to a thermionic emission
temperature and for heating the collector electrode, for
example the electrode 23 or at least.its electrode surface
29, to an elevated temperature above 400° C. but less than
a temperature of efficient thermionic emission for the
collector surface 2% and between about 100° C. and 400°
C. less than the emitter surface temperature. In the
111ustrated embodiment this means comprises two heater
elements 31 and 32 disposed individually adjacent to and
within the cylmdrlcal emitter and collector electrodes 22
and 23 respectively and near the ends thereof whose
external . surfaces form the respective electrode surfaces
28 and 29. These heater elements are supported ‘within
the. electrode structures by respective pairs of insulated
lead conductors 33, 34 and 36, 37 so that the heater
circuits are insulated electrically from the electrode struc-
tures. Thus the heating of the inner ends of the electrodes
22 and 23, and specifically of the electrode surfaces 28
and 29, is accomplished by radiation from the -heater
,elements 31 and 32, which are surrounded by and support-
ed in closely spaced relat1onsh1p to the portions of the
electrode structutes which are desired to be heated. The
lead conductor 33 from the element 31 and the conductor
36 from the element 32 are connected to a common lead
pin 15, while the conductors 34 and 37 from the respec-
tive heater elements pass to pins 16 and 17 respectively.

The aforementioned means for heating the electrodes
also includes means for energizing the heater elements
31 and 32 to maintain the surfaces 28 and 29 at the
specified temperatures. The last-inentioned means in-
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cludes a source of heater energy, illustrated in the form
of a battery 41 one terminal of which is connected, when
the device is in use, to the lead pin 15 and thence to one
side of each of the heater elements 31 and 32. In circuit
with the battery 41 is a variable resistor 42, the tap of
which is shown connected to the lead pin 16 and thence
through the conductor 34, the heater element 31 itself,

" and the conductor 33 back to the battery 41. By virture

of these connections the emitter electrode 22 is arranged
to be heated to a thermionic emission temperature. The
energizing means for the heater elements further includes
another variable resistor 43 in circuit with the battery 41.
The adjustable tap of the resistor 43 is connected to the
lead pin 17 and thence through the conductor 37, the
heater element 32 itself, the conductor 36, and the lead pin
15 back to the battery 41. Thus the resistor 43 is a part
of a means for heating the collector electrode to the de-
sired temperature mentioned hereinabove.

The circuits shown connected to the tube structure in the
illustrated embodiment further include a load impedance
46 connected across the lead pins 13 and 14 so as to be in
circuit with the emitter and collector surfaces 28 and 29.
An ammeter 47, preferably of low impedance, is connected
in series in this circuit, while a voltmeter 48, preferably of
high impedance, is connected in shunt across the load im-
pedance 46.

In the operatlon of the electron dlscharge device repre-
sented in the drawing the resistor 42 is adjusted in a man-
ner well known in the art to obtain the desired thermionic
emission temperature in the surface 28 of the emitter elec-
trode 22. This temperature varies considerably in ac-
cordance with the material constituting the surface 28,
and the material of this surface may be prepared in ac-
cordance with any of the techniques known to the art
of thermionic devices. For example, the surface 28 may
be an oxide-coated cathode, in- which case the electrode
structure 22 may be of any suitable alloy such as platinum-
iridium or nickel-platinum. Konel metal is well known for
this purpose, and metallic nickel itself has been used
successfully in the structure shown in the drawing. The
surface 28 may be prepared by applying a coating of an
alkaline earth carbonate such as barium carbonate and
activating by heating, this forming process producing a
barium oxide emitting surface. In such a case the resistor
42 preferably is adjusted to obtain a thermionic emission
temperature at the surface 28 of approximately 700-900°
C. The higher temperature involved in the activation and
forming procedure for the emissive surface may be. ob-
tained by a temporary application of higher voltages be-
tween the lead pins 15 and 16.

1t will be appreciated that the arrangement and opera-
tion thereof thus far described, with the exception of the
inclusion of the heater element 32 within the collector
or anode electrede 23 and the connections to the resistor
43, are rather similar to the conventional diode arrange-
ment of the type used, for example, in circuit with a signal
source, not shown, connected in series with the load im-
pedance 46 and the ammeter 47 in the external circuit.
With such arrangements signal currents pass through
the ammeter 47 and the impedance 46 to develop cor-
responding signal potentials across the impedance- 46,
as may be indicated by the voltmeter 48.

Also in accordance with a recognized phenomenon,
sometimes referred to as the Edison effect, the external
circuit -arrangement illustrated in the drawing may be
used to record the passage of small currents through the
ammeter and the load impedance in the. absence of an
applied electrical signal. The very small energy repre-
sented by these currents and by the corresponding volt-
ages ‘developed across the impedance 46 is transduced
from the thermal energy introduced into-the device from
the source 41 of heater energy. Thus in a spécific struc-
ture involving electrode surfaces 28 and 29, each of
approximately 0.01 square inch area and spaced -about
0.01 inch from each other, the resistor 42 was adjusted
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to obtain a dissipation of 4.95 watts in the heater 31,
whereupon the ammeter 47 recorded a current of 60
microamperes through the load resistance 46 and a cor-
responding poiential drop thereacross without the appli-
cation of an external electromotive force to the diode
and load circuit.

Turning now to operation of the electron discharge
device in accordance with the present invention, the
resistor 43 is adjusted to permit the flow of heater current
through the heater winding 32 such that the aforemen-
tioned elevated temperature is obtained at the collector
or anode surface 29. This surface, along with the entire
electrode structure 23, conveniently may be of metallic
nickel.

While the present invention is not dependent in any
way upon the validity of any theoretical considerations
which may be developed herein, it is possible that the
improvement in operation of the electron discharge device
obtainable by the heating of the collector surface 29 is
due to a lowering in the work function of that surface.
It will be understood that the temperature of the surface
29 should not reach the temperatures of substantial high
thermionic emission for that surface, since it is desirable
to achieve as high a net electron current flow as possible
from the emitter surface 28 to the collector surface 29.
Surprisingly enough, however, the maintenance at the
collector surface of the elevated temperatures specified
herein has been found to cause the diode structure and
the load impedance to carry electrical signals having
substantially increased magnitudes under otherwise simi-
lar circumstances. With nickel electrode structures and
a barium oxide coating on the emitter, temperatures of
the collector surface within an approximate range of
400-750° C., depending on cathode temperature, have
been found to cause very substantial increases in the
perveance and in the discharge currents delivered by the
diode.

Thus with 4.95 watts dissipated in the emitter heater
31, as described hereinabove, and an adjustment of the
resistor 43 to cause the dissipation of 2.6 watts in the
collector heater 32, the current through the ammeter 47
and the load impedance 46 increased from 60 to 505
microamperes. To ascertain that a similar improvement
would not have been obtained by dissipating the same
total heating power in the emitter heater 31 alone, the
resistor 43 was adjusted for zero volts across the heater
32 while the adjustment of the resistor 42 was changed
to increase the power dissipated in the heater 31 to 7.55
watts. This causes the current to decrease to 40 micro-
amperes. The fact that the last reading was lower than
the 60 microampere reading obtained with only 4.95
watls dissipated in the emitter heater may be explained
by the sensitivity of the structure to minor changes when
the current and power levels are so low or possibly may
be due to exceeding the optimum cathode emission tem-
perature or to migration of barium from the surface 28
to the surface 29 at high temperatures.

It will be appreciated that, assuming the applicability
of the theoretical discussion hereinabove, it would be
Pbossible to obtain a surface composition or structure on
the collector electrode such that its work function actually
would not be decreased substantially when it is heated
to the elevated temperatures specified herein, and that
this possibly might defeat the improvement expected as
a result of the heating of the collector surface. Never-
theless a 5-fold to 10-fold improvement in the perveance
of the tube at low load impedances, and a substantial
improvement in the power output of the tube used as a
generator when the external resistive load matches the
internal impedance of the generator, easily are obtained
with the nicke! electrode 23, whether or not contaminated
by some barium transporied from the surface 28; the
ordinary skill of the tube designer and manufacturer will
permit the avoidance of ineffectual collector surfaces
which are not substantially improved by the heating of
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the collector surface in accordance with the present in-
vention,

While the FIG. 1 arrangement has been found con-
venient for experimental purposes, a great variety of
diode structures and methods of heating the electrodes
obviously may be utilized in carrying out the present
invention. For example, many arrangements of electrode
heaters are possible. The two heaters 31 and 32 even
might be formed as a unitary structure with a larger part
of the heater structure adjacent to the emitter electrode
and the smaller part adjacent to the collector electrode,
so that upon application of a specified potential across
the entire heater a predetermined amount of heat will
be radiated to each of the electrode structures to obtain
the temperatures, within the ranges discussed hereinabove,
desired at the two electrode surfaces. An alternating
current electrical source may be substituted, of course,
for the direct current source 41, Numerous other ar-
rangements for heating the electrodes, and particularly
the collector electrode, by radiation or conduction may
be resorted to, and one or both electrodes even might be
heated by radiation from a surface outside of the en-
velope 11. Alternatively the collector electrode, or both
electrodes, might be heated by the waste heat in hot
gases such as the combustion products of a fuel-burning
apparatus with suitable thermostatic control of the en-
france gases to maintain the desired temperature at each
electrode. In any event, the method of effecting electron
discharge currents in the evacuated envelope 11 between
the emitter electrode 22 heated to a thermionic emission
temperature and the collector electrode 23 comprises
applying heat to the collector electrode to raise it to the
aforementioned elevated temperature, whereby the mag-
nitudes of the discharge currents are substantiaily greater
than those obtainable when the collector electrode is not
subjected to heating, except such as might be incidental
to operation of the diode without the application of heat
to raise the electrode 23 to the specified elevated tem-
perature. It will be understood that the thermionic emis-
sion temperature specified herein and in the appended
claims for the emitter surface ordinarily is not the lowest
temperature at which some emission may occur, but
rather is a temperature, within the range of substantial
emission for the emitter surface involved, which would
be chosen in accordance with conventional design prac-
tice for such a surface; in other words, a temperature
high enough to afford efficient cathode emission but not
so high as to prejudice unduly the life of the heater and
emitter structures.

When the method is carried out, as indicated in the
drawing, for transducing from thermal to electrical
energy, the procedure comprises heating both electrodes of
an evacuated diode structure having respective, mutually
opposed, closely spaced emitter and collector surfaces to
maintain the emitter electrode surface at a thermionic
emission temperature while maintaining the collector
electrode surface within the aforementioned elevated
temperature range. In such a case the electrical load 4§,
in circuit with the electrodes 22 and 23, is energized with
the electrical energy which is transduced from the ther-
mal energy applied to the electrodes and which is repre-
sented by an electromotive force developed between the
electrodes and by the corresponding thermionic currents
passing therebetween. It is noteworthy that these ther-
mionic currents are increased substantially by the main-
tenance of the collector electrode at such elevated tem-
perature, in spite of the fact that the temperature differ-
ence between the electrodes has been decreased thereby.

Although the power obtainable from the diode struc-
ture described hereinabove without the application of
an external potential source is not large, it nevertheless
is substantial, and the thermal generator of this feature of
the invention may be made to preduce very sizable and
obviously useful amounts of energy by decreasing the

75 spacing of the electrodes and increasing their area.
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When waste heat, for example from rocket or jet exhausts,
is used for heating both electrodes, as proposed herein-
above, a generator device without moving parts, of in-
definitely long life, and free of maintenance difficulties is
achieved. Numerous structural arrangements for real-
izing the suggested electrode configuration at relatively
small cost and in a relatively small volume will present
themselves. For example, electrode surfaces in the form
of relatively large discs or rectangular plates may be
maintained with the desired small spacing, preferably less
{han 0.001 inch and in the neighborhood of 0.0005 inch,
by the use between the electrode surfaces of spherical or
cylindrical insulating spacers having an accurately pre-
determined radius and which are seated in V-shaped
grooves machined to a predetermined V-angle in the op-
posed surfaces.

Referring now to FIG. 2, which illustrates a form of
electrode arrangement similar to that just mentioned,
there is shown in sectional elevation the surface portions
of the opposing emitter and collector surfaces 51 and 52,
it being understood that either of these may be the emit-
ter structure and the other the collector. Ome of these
surface portions, for example 52, is provided with a- plu-
rality of V-shaped grooves or notches 53 and 54. The
depth and angular inclination. of the walls of these
grooves may be determined very accurately using known
techniques for machining such grooves. Seated in these
grooves are respective insulating members 56 and 57,
which may be rods, having circular cross sections of
closely predetermined diameter, so that the radii of curva-
ture of the portions of the members 56 and 57 which con-
tact the sides of the grooves 53 and 54 are closely con-
trolled. The portions of the members 56 and 57. pro-
truding from the grooves serve to maintain the surface
51 at the predetermined close spacing from the surface
52. A spring arrangement, not shown, may be provided
to exert a mechanical bias force urging the electrodes
having the surface portions 51 and 52 toward each other
to maintain the members 56 and 57 in place with ap-
proximately equal pressure on the several members. The
natural elasticity of supporting members, such as.the
posts 18 and 19 in the FIG. 1 arrangement, may serve to
provide the necessary mechanical bias.

With tespect to the tube illustrated in FIG. 1 and de-
seribed hereinabove, measurements have been made to
determine the electron discharge currents genmerated in
this tube and passed through a suitable external load re-
sistor under various conditions of cathode and anode
temperatures. Such data are recorded in the graph of
FIG. 3, in which estimated anode centigrade tempera-
tures, Ta, are represented along the abscissa and corre-
sponding electron discharge currents in microamperes are
represented along the ordinate.. A family of six curves
is shown for various conditions of cathode temperature,
Ty, as indicated above each curve in the drawing. It will
be seen that high emission currents can be expected with
the oxide emitter at the usual cathode temperatures within
the approximate range of 750 to 850> C.

In any case it will be seen from FIG, 3 that an anode
temperature of at least 400° C. is advisable for high dis-
charge currents, and that the highest currents are obtained
when the anode temperature is about 100° C. to 400° C.
less than the cathode temperature. It may be noted also
that a representative anode surface temperature of about
825° C., corresponding to an absolute temperature of
about 1100° K., would require anode temperatures with-
in the range of roughly 400° C. to 725° C. for maximum
currents, corresponding to absolute temperatures of the
anode surface of between about 675° K. and 1000° K.
Accordingly, in general, anode temperatures for maxi-
mum current should be less than about 90% of the cath-
ode ‘temperature and preferably more than about 60%
of the cathode temperature, with temperatures expressed
on an absolute scale. Similar temperature relationships,
cither expressed in the usual temperature terms, such as
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anode temperatures having- values in centigrade degrees
equal to the specified nuimber of degrees less than the
cathode temperature, or ‘expréssed in terms of relative
temperature on an absoluté ‘scale, may be adopted with
corresponding beneficial résults for other types of emitter
and collector surfaces.

To obtain the greatest improvement in electron dis-
charge levels in carrying out the present invention, atten-
tion should be given to the choice of the impedance of
the -external load, The curves in the graph of FIG. 4
illustrate the effect of load impedance variations when
the tube arrangement described hereinabove is used as
a generator with the anode cold, or unheated, and with
the anode hot, or heated to the temperatures giving rela-
tively high outputs.

Load resistance in ohms is represented in FIG. 4 along
the abscissa on a logarithmic scale. The two solid line
curves give the electron discharge currents in microam-
peres, using the ordinate scale at the left of the graph, for
the two cases of cold anode and hot anode, as indicated
adjacent to the curves. It is noted that decreasing the
load resistance causes the current to increase when the
anode is heated, and that load resistances less than about
6,000 ohms must be used to obtain relatively high cur-
rents greater than those obtainable without heating the
anode.

The two dashed line power curves in FIG. 4 indicate
that the tube arrangement or generator of the invention
tends to have a low effective internal impedance. = The
power output curves are identified on the graph for the
hot and cold anode cases and relate to the ordinate scale
in microwatts at the right of the graph. These curves
again show a cross-over at about 6,000 ohms for the two
‘anode conditions. Power output with the anode hot ex-
ceeds the highest obtainable without heating the anode
when the load resistance has any value within the range
between about 100 and 1,000 ohms, and the maximum
power was tecorded with a load of about 400 ohms. It
appears from the curves of FIG. 4 that a few trials will
show the best load impedance for a given tube structure
and anode temperature.

While there have been described what at present are
considered to be preferred embodiments of this invention,
it will be obvious to those skilled in the art that various
changes and modifications may be made therein without
departing from the invention. It is aimed, therefore, in
the appended claims to cover all such changes and modi-
fications which fall within the irue spirit and scope of the
invention.

‘What is claimed is:

1. An electrical generator, comprising: a vacuum tube
envelope; emitter and collector electrodes therein having
mutunally confronting spaced surfaces; two heater ele-
ments individually adjacent to said emitter and collector
electrodes; and means for energizing said heater elements
to maintain said surface of said emitter electrode at a
thermionic emission temperature and to maintain said
surface of said collector electrode at an elevated tempera-
ture above 400° C. but at least about 100° C. less than
said emitter surface temperature.

2. Ancelectron discharge device comprising, in combina-
tion, a vacuum tube envelope, an emitter electrode and a
collector electrode in the envelope having closely spaced
apart mutually confronting emitting and collecting sur-
faces, means for heating said emitter electrode to a
thermionic’ emission temperature, separate means for
heating said collector electrode to an elevated temperature
above 400° C. but at least approximately 100° C. less
than said emitting surface temperature of the emitter elec-
trode, and circuit connections through said envelope to
said emitter and collector electrodes.

3. An electron discharge device comprising, in com-
bination, an evacuated envelope, an emitter electrode in
the ‘envelope having a relatively flat emitter surface, a
collector electrode in the envelope having a relatively flat
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collector surface, means mounting the electrodes in the
envelope with the respective flat surfaces thereof in
parallel mutually confronting relationship and spaced
apart not more than approximately .01 inch, means for
heating the emitter electrode to a thermionic emission
temperature, and means for heating the collector electrode
to an clevated temperature above 400° C. but between
about 100° C. and 400° C. Iess than the emitter surface of
the emitter elctrode.

4. Anelectron discharge device comprising, in combina-
tion, an evacuated envelope, an emitter electrode in the
envelope having a relatively flat emitter surface, a col-
lector electrode in the envelope having a relatively flat

collector surface, means mounting the electrodes in the .

envelope with the respective flat surfaces thereof in paral-
lel mutually confronting relationship and spaced apart
not more than approximately .01 inch, means for heating
the emitter electrode to a thermionic emission tempera-
ture, and means for heating the collector electrode to a
temperature below that of the emitter electrode.

5. An electron discharge device for directly transducing
thermal to electrical energy comprising, in combination,
a substantially evacuated chamber, an emitter electrode
in the chamber having a relatively flat emitter surface, a
collector electrode in the chamber having a relatively
flat collector surface, means mounting the electrodes in
the chamber with the respective flat surfaces thereof in
parallel mutually confronting relationship and spaced
apart less than approximately .01 inch, means for heating
the emitter electrode to a thermionic emission tempera-
ture, and means for heating the collector electrode to a
temperature cooler than that of the emitter electrode,
and a circuit connection for each electrode leading out of
the chamber.

6. In an electron discharge device for directly trans-
ducing thermal to electrical energy, an emitter electrode
having a smooth electron emitting surface, a collector elec-
trode having a smooth electron collecting surface in close
confronting relation to the emitting surface of the emitter
electrode and spaced therefrom a distance no greater than
approximately .001 inch, circuit leads connected to the
emitter and collector electrodes, and means for heating
said emitter electrode to a thermionic emission tempera-
ture and for heating said collector electrode to a tempera-
ture cooler than that of the emitter electrode.

7. A device for converting heat directly into electricity,
including, in combination, a cathode electrode having an
electron emitter surface, an anode electrode having an
electron collecting surface, means mounting the cathode
and anode electrodes with their respective emiiting and
collecting surfaces in close mutually confronting relation
and spaced apart from one another a distance no greater
than approximately .0005 inch, means maintaining the
space between said confronting surfaces of the electrodes
in a substantially evacuated condition, and means for
maintaining the temperature of the cathode electrode at
an elevated temperature level to caues the propagation
of electrons from the emitter surface of the cathode elec-
trode to the collector surface of the anode electrode and
for simultaneously maintaining the temperature of the
anode electrode at an elevated temperature level cooler
by at least 10 percent, on an absolute temperature scale,
than the temperature of the cathode electrode.

8. A device for converting heat directly into electricity,
comprising, in combination, a cathode electrode having an
electron emitter surface, an anode electrode having an
electron collecting surface, means mounting the cathode
and anode electrodes with their respective emitting and
collecting surfaces in close mutually confronting relation
and spaced apart from one another a distance no greater
than approximately .0005 inch, means maintaining the
space between said confronting surfaces of the electrodes
substantially free from substances retarding electron prop-
agation thereacross, and means for maintaining the tem-
perature of the cathode electrode at an elevated tempera-
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ture to cause the propagation of electrons from the emitter
surface of the cathode electrode to the collector surface
of the anode electrode and for simultaneously maintaining
the temperature of the anode electrode at an elevated
temperature cooler than the temperature of the cathode
electrode.

9. A device for converting heat directly into electricity,
comprising, in combination, a cathode electrode having
an electron emitter surface, an anode electrode having an
electron collecting surface, means mounting the cathode
and ancde electrodes with their respective emifting and
collecting surfaces in close mutually confronting relation
and spaced apart from one another a distance no greater
than approximately .0005 inch, means maintaining the
space between said confronting surfaces of the electrodes
substantially free from substances retarding electron
propagation thereacross, means for raising the temperature
of the cathode electrode to an elevated temperature to
cause the propagation of electrons from the emitter sur-
face of the cathode electrode to the collector surface of
the anode electrode and for simultaneously maintaining
the temperature of the anode electrode at an elevated
temperature cooler than the clevated electron propagating
temprature of the cathode electrode, and a circuit con-

5 mected across said cathode and anode electrodes for

utilizing the electrical energy transduced from the thermal
energy applied to said electrodes and having an impedance
approximately matching the effective impedance across
the electrodes.

10. In a device for directly transducing thermal energy
to electrical energy, an emitter electrode having a smooth
electron emitting surface, a collector electrode having a
smooth electron collecting surface in close confronting
relation to the emitting surface of the emitter electrode
and spaced therefrom a distance no greater than approxi-
mately .0005 inch, circuit leads connected to the emitter
and collector electrodes, and means for heating said emit-
ter electrode to a thermionic emission temperature and for
heating said collector electrode to an elevated tempera-
ture above 400° C. but between approximately 60 and 90
percent, on an absolute temperature scale, of said emitter
electrode temperature.

11. A device for directly transducing thermal energy to
electrical energy comprising, in combination, an emitter
electrode having a relatively flat electron emitter surface,
a collector electrode having a relatively flat electron col
lector surface, means mounting the electrodes with their
respective emitter and collector surfaces in parallel mutu-
ally confronting relationship and spaced apart less than
approximately .001 inch, means maintaining the space be-
tween said confronting surfaces substantially free of sub-
stances retarding electron propagation thereacross, means
for heating the emitter electrode to a temperature pro-
viding effective thermionic emission, means for heating
the collector electrode to a temperature cooler than that
of the emitter electrode, and a circuit connected across
said electrodes for utilizing the electrical energy trans-
duced from the thermal energy applied to the electrodes.

12. A device for directly transducing thermal energy
to electrical energy comprising, in combination, an emit-
ter electrode having a relatively flat emitter surface, a
collector electrode having a relatively flat electron collec-
tor surface and disposed with its collector surface in
mutual confronting relation to the emitter surface of the
emitter electrode, means interposed between the con-
fronting surfaces of the electrodes and spacing the sur-
faces from one another not more than .001 inch, means
for heating the emitter electrode to a thermionic emission
temperature, and means for heating the collector elec-
trode to a temperature below that of the emitter electrode.

13. In a device for directly converting thermal energy
to electrical energy, a cathode electrode and an anode
electrode, a surface portion of the cathode electrode being
of a material having a relatively high thermionic emission
property at highly elevated temperatures, a surface por-
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tion of the arnode ¢lectrode being of another material and
electrically conductive, means -mounting the electrodes in
confronting relation to one another with the said surface
portion of the cathode electrode directly opposed to said
surface portion of the atiode ‘electrode and such that the
distance separating said surface portions is no greater
than approximately .001 inch, and means maintaining
the space between said confronting surface portions sub-
staritially free from substances retarding electron propa-
gation thereacross.

14. In a device for directly converting thermal energy
to ‘electrical energy, a cathode electrode and an anode
electrode, a surface portion of the cathode electrode being
of ‘a material having a relatively high thermionic emission
propeérty at highly elevated temperatures, a surface por-
tion of the anode ‘electrode being of ‘another material and
electrically conductive, means mounting the electrodes in
confronting relation to one another with the said surface
portion of the cathode’ electrode directly opposed to said
stirface portion of the anode electrode and such that the

10

15

20

12
distance separating said surface portions is no greater than
approximately .0005 inch, -and :means maintaining the
space between said confronting surface portions substan-
tially free from substances-retarding electron propagation
thereacross. :
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