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ABSTRACT OF THE DISCLOSURE 

A thermionic converter in which a source of heat is 
used to apply heat to a cylindrical cathode which is sur 
rounded by a cylindrical anode for accelerating the pas 
sage of the electrons from the cathode to at least one col 
lector disposed adjacent an end of the anode and in which 
there is magnetic means surrounding the anode and pro~ 
ducing a magnetic shield generally parallel to the axis'of 
the anode for con?ning the electrons emitted by the 
cathode and minimizing the tendency of said electrons to 
engage said anode in passing from the cathode to the 
collector, there being a utilization circuit connected be 
tween the collector and the cathode to draw the energy 
from the collector, this utilization circuit being free of 
any external electrical source of power of the same order 
of magnitude of energy as that of the source of heat for 
heating the cathode. 

BACKGROUND OF THE INVENTION 

The present invention is concerned with a three-element 
type of thermionic converter in which there is a cathode 
for emitting electrons, an anode for accelerating the elec 
trons, and a collector to which the electrons go after pass 
ing the anode. In such a device, there is a utilization cir 
cuit connected between the collector and the cathode and 
the load device is connected in this utilization circuit. 
The thermal energy to be converted into electrical energy 
is applied to the cathode to cause electrons to be emitted 
therefrom and the primary function of the source of 
power connected to the anode is to apply a potential 
such as to cause the electrons to be accelerated. Desirably, 
no appreciable current ?ow is in the anode circuit so that 
the source of power connected to the anode does not sub 
stantially contribute to the power input to the converter. 

In the Laing and Feemster Patent 3,275,923, in which 
the present applicant is a co-inventor, use is made of a 
relatively ?eldless hollow collector. As is pointed out 
in this patent, the hollow collector has the advantage 
that once the electrons leave the anode and enter the 
hollow collector, they are repelled away from each other, 
to engage the walls of the collector. Thus, any tendency ‘ 
for a virtual cathode to be formed by reason of the space 
charge from slow-moving electrons in front of the col 
lector surface is very substantially reduced or eliminated. 
In this prior patent, however, the electron beam is con 
?ned to a direct line extending from the cathode so that 
the cathode emission is reduced by the space charge de 
pressed ?eld of the beam. 

In the Hatsopoulos Patent 2,915,652, there is disclosed 
a three-element thermionic converter in which a cross 
?eld is used to de?ect the electrons leaving the cathode 
and to cause them to be directed towards a collector plate 
which is either ?at or in some cases, convex. An arrange 
ment of this type has the drawback that a virtual cathode 
is formed adjacent the collector surface by reason of the 
space charge from slow-moving electrons, as previously 
mentioned. This tends to retard the passage of electrons 
from the cathode to the collector. 

SUMMARY OF THE INVENTION 

The present invention is concerned with a thermionic 
converter having a portion similar to a magnetron in 
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jection gun for providing an electron stream. This means 
for providing an electron stream includes an accelerating 
means for accelerating the charged particles, which accel 
erating means has an elongated curved surface spaced 
from and at least partially surrounding a cylindrical sur 
face for emitting charged particles, and a magnetic means 
surrounding the accelerating means and producing a mag 
netic ?eld generally parallel to the longitudinal axis of 
the curved surface of the accelerating means for con?ning 
the charged particles emitted by the emitting surface and 
minimizing the tendency of the charged particles to en 
gage the accelerating means. While I have shown a cath 
ode as the means for emitting the charged particles, the 
charged particles being electrons in this case, and have 
shown the accelerating means as an anode having a posi 

~ tive voltage applied thereto, the invention contemplates 
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the possibility of a similar arrangement using ions or other 
charged particles instead of electrons. Where the particles 
are charged positively, the polarities of the various volt 
ages applied to the various electrodes will be opposite 
to those employed with electrons. 

In one broad form of my invention, the anode is a 
cylindrical member completely surrounding the cathode 
and the collector is adjacent one end of the cathode. In 
fact, there may be a pair of collectors employed, one 
adjacent each end of the anode. In another broad form of 
my invention, the anode extends only partially around the 
cathode and the collector surrounds the cathode and anode 
so that the charged particles or electrons move past the 
anode and engage the surrounding cylindrical surface‘ 
constituting the collector surface. 

In some instances, 1 may employ a hollow collector 
having an opening facing the region between the cathode 
and anode. There may also be employed an additional 
collector in the form of a ?at plate. In addition, the 
collector may be disposed intermediate the opposite ends 
of the anode, and may take the form of a helical coil. 
Instead of a ?at plate, it is possible to employ two 
hollow collectors each having an opening facing the region 
between the cathode and anode. It is also possible to have 
the magnetic ?eld diverge in the direction of the opening 
in the collector to facilitate entry of the electrons into 
the collector. The means for heating the cathode may 
take various forms. In some instances, this may take the 
form of a ?ame designed to heat the interior of the elec 
tron emissive surface. Or the cathode may enclose or 
be composed of radioactive material. In other instances, 
the cathode may be tubular and the source of heat may be 
a source of heated ?uid which is circulated through the 
cylindrical cathode. It is also possible to employ a re 
?ector adapted to be exposed to solar energy and in which 
the cathode is adjacent the focal point of the re?ector. 
The anode may take various forms. For example, it .is 

possible to employ axial barlike electrodes which extend 
axially inside of the anode and are maintained at a dif 
ferent potential than the anode. It is also possible to 
employ an additional electrode, disposed between the 
anode and collector and which is maintained. at a poten 
tial such as to maximize the amount of energy withdrawn 
from the converter. . 

In the direct beam device of the Laing and Feemster 
Patent 3,275,923, the forces necessary to drive the elec 
trons onto the negative collector are derived from the 
combination of mutual repulsion due to space charge in 
an essentially ?eldless negative collector plus the velocity 
caused by cathode heat. In the Hatsopoulos Patent 2,915, 
652, the forces necessary to drive the electrons onto the 
?at or convex collector are derived primarily from the 
heat energy of electrons leaving the cathode. In the pres 
ent invention, the forces that cause electrons to be driven 
onto the negative collector are derived not only. from the _ 
mutual repulsion of space charge and a concave relatively 
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?eldless collector, plus the velocity imparted to the elec 
trons due to cathode heat, but in addition to this, consid 
erable extra velocity is imparted to the electrons towards 
the axial ends of the magnetron injection gun or compres 
sion chamber due to the magnetic ?elds which are estab 
lished both in axially spinning electrons called Bohr 
magnetrons, and also in electrons spinning in a magnetron 
orbit. Additional forces are built up due to accumulation 
of space charge in the magnetron compression chamber, 
all of which enhances the velocity of the electrons to 
wards the negative collector. These effects are further 
increased by the fact that the charged particles are forced 
out of the chamber at areas of irregularities or openings 
in either the electrostatic ?eld or electromagnetic ?eld, or 
a combination of both, due to the generation of space 
charge waves at such areas so that the charged particles 
leave the compression chamber with greater individual 
kinetic energy than the average kinetic energy of the 
charged particles within the compression chamber. Be 
cause of this additional energy, the charged particles can 
be collected on a highly charged collector electrode. 

Therefore, while a converter of the type shown in the 
Hatsopoulos patent is able to produce output voltages of 
less than minus one volt, the present invention enables 
voltages of —200 volts at the maximum output e?iciency, 
and open circuit voltages up to —900 volts, in actual 
experiments. 

In addition to the possible modi?cations of my inven~ 
tion described above, various other modi?cations and 
various other objects of the invention will be apparent 
from the accompanying speci?cation and drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

FIGURE 1 is a vertical sectional view of one form of 
my thermionic converter with a ?ame being shown as 
the means for heating the electron emissive surface; 
FIGURE 2 is a fragmentary view showing a modi?ca 

tion; 
FIGURE 3 is a vertical sectional view of a further 

form of my invention employing a. magnetic member ad 
jacent the collector aperture and showing radioactive ma 
terial as the source of heat, and also showing an addi 
tional collector in the form of a disc disposed intermediate 
the opposite ends of the anode; 
FIGURE 4 is a vertical sectional view of a further 

form of my invention employing a substantially spherical 
collector at one end of the anode and showing a perma— 
nent magnet for producing a magnetic ?eld which di 
verges outwardly adjacent the opening to this collector; 
FIGURE 5 is a' vertical sectional view of a still further 

form of my invention in which the cathode is in the form 
of a tube through which hot ?uid is circulated and in 
which there is an intermediate helically wound coil con 
centric with the cathode and anode and disposed between 
the two; ‘ ' 

‘FIGURE 6 is a vertical sectional view of a further 
species of my invention in which the anode is provided 
with axial bars which are electrically insulated from the 
anode and which are maintained at a lower potential than 
the anode proper; 
FIGURE 7 is a cross-sectional view of the thermionic 

converter of FIGURE 6, the section being taken along a 
plane de?ned by the line 7—-7 of FIGURE 6; 
FIGURE 8 shows a species in which certain of the 

electrodes are contoured to maximize the collection of 
electrons on the collector surface. In addition, in FIG 
URE 8, I have shown a parabolic re?ector designed to 
re?ect the solar energy into the interior of the electron 
emitting cathode; ' 
FIGURE 9 is a further form in which the anode is 

only partially cylindrical and in which the electrons are 
de?ected past the anode onto the interior of a cylindrical 
collector; 
‘FIGURE 10 is a cross-sectional view taken along the 

line ltl—l0l of FIGURE 9; and ' 
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FIGURE 11 shows a modi?cation of the species of 
FIGURES 9 and 10 in which an additional electrode has 
been inserted, which electrode is curved to conform with 
a potential plane existing within the collector and which 
is maintained at an intermediate potential such as to 
maximize the passage of electrons to the collector sur 
face. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to FIGURE 1, my thermionic converter is 
shown as comprising a cylindrical hollow cathode 11 
which is closed at its upper end and is open at its lower 
end. The cathode may either be formed of an electron 
emissive material, such as thoriated tungsten, or may be 
coated on its exterior surface with a suitable electron 
emissive material. The lower end of the cathode is 
hermetically sealed at 12 to a circular base member 13 
of heat resistant insulating material, such as ceramic. A 
cylindrical collector 14 has a closed upper end 15 and a 
lower open end which closely ?ts over the base member 
13 and is suitably hermetically sealed thereto. The col 
lector 14 may either be of highly conductive material or 
may be formed of less conductive material with an 
interior conductive coating. 
Also secured to the base member 13 in any suitable 

manner is a cylindrical anode member 17 which is 
mounted within the assembly with the axis thereof 
parallel to the axis of the cathode 11 and the collector 14. 
An auxiliary collector 18 in the form of an apertured disc 
surrounds the cathode 11 and is secured to the upper 
surface of the insulating base member 13 coaxially of 
cathode '11. 

In some instances, it is desirable to employ a probe 
19 which is shown as being electrically connected at 20 
to the collector 15. As will be explained in more detail, 
the probe 19 acts as the pickup probe to aid in the collec 
tion of the electrons by the collector 14 or acts as to 
shift the electric ?eld lines in such a way as to maximize 
the collection of electrons by the collector. 
The entire equipment described so far is hermetically 

sealed together and evacuated. The techniques of such 
evacuation and sealing are well known and are not de 
scribed in detail herein. 

Surrounding the unit adjacent the anode 17 is a cylin 
drical permanent magnet 22 which cylindrical magnet is 
coaxial with the anode 17 and produces a magnetic ?eld 
generally parallel to the surface of the anode 17. ' 

Various means may be employed for. heating the 
cathode 11. Since the device is intended to function as a 
thermionic converter, the source of heat may be any suit 
able source of heat which it is desired to convert into 
electricity. In the particular embodiment in FIGURE 1, 
I have shown a conventional burner 23 in which the 
lilime therefrom extends into the interior of the cathode 

The anode 17 is maintained at a positive potential with 
respect to cathode 11 by any suitable source of voltage 
shown for illustrative purposes as a battery 25, the posi 
tive terminal of which is connected by conductor 26 to 
the anode 17 and the lower terminal of which is con 
nected to ground at 27, this 
connected to the cathode 11 through conductor’ 28. 

In the operation of my device, as will be presently de 
scribed, the heat to be converted to electricity is used 
to heat the cathode and the electrons emitted therefrom 
are caused to move to the interior surface of the collector 
14 and onto the auxiliary collector 18. Because of the 
electrons being negative, the collectors 14 and 18 become 
highly negative. '> 

A suitable load device 30 has one terminal thereof con 
nected by conductors 31 and,32 to the collector 14 and 
has the opposite terminal thereof connected to ground 
by conductor 33. The load 30 is thus connected between 
the collector 14 and ground so that the electrons accumu 
lating on collector 14 can flow through the load device 30 

ground connection 27 being, 



3,477,012 
5 

back to the cathode 11. The load device 30 is similarly 
connected through conductors 28, 33, 31, and 34 between 
the cathode and the auxiliary. collector 18 so that the elec 
trons accumulating on auxiliary, collector 18 canp?ow 
through conductors 34 and 31, the load device 30 and 
conductors 33 and 28 back to the cathode 11. In some 
cases, it may be desirable to employ a separate load de 
vice between the auxiliary collector 18 and the cathode 
since the, negative potential which the auxiliary collector 
18 assumes may be different than that assumed by the 
collector 14. , 

Referring to the operation of FIGURE 1, the electrons 
emitted from the cylindrical surface 11 are attracted to 
the annular anode 17. They are prevented, however, from 
actually engaging the anode 17, to any appreciable ex 
tent, by the magnetic ?eld produced by magnet 22, the 
lines of force of which run parallel to the anode 17 be 
tween the anode 17 and cathode 11. The beam of elec 
trons is thus de?ected and tends to travel in the space 
between the cathode 11 and anode 17. The effect of the 
magnetic ?eld tends to cause the electrons to rotate so that 
they tend to travel in a helical path between the cathode 
11 and the anode 17. As the electrons spin in magnetron 
orbits in the chamber between the anode 17 and the cath 
ode 11, they are repelled out of that region by their own 
mutual repulsion, and also are magnetically attracted to 
the ‘poles of the magnet, which are adjacent to the col 
lector, due to both electron axial and magnetron spin 
velocities. As they approach the upper end of anode 17, 
they are also repelled by the lower electrons into the 
hollow space formed by collector 14. Once they enter 
this hollow collector, they are in a relatively ?eld-free 
region and are repelled by each other to engage the in 
terior wall of the collector much as electrons go to the 
outside of a hollow Van de Graaif generator collector. 
The electrons which pass downwardly engage the aux 
iliary collector 18. Both the electrons engaging the wall 
of the hollow collector 14 and those engaging the ?at 
auxiliary collector 18 ?ow through the load 30 back to 
the cathode. 
The pickup probe 19, where used, tends to aid the elec 

trons in passing to the wall of the hollow collector since 
this ‘probe is located centrally of the hollow collector and 
is engaged by those electrons furthest from the wall of 
the collector. Furthermore, as pointed out above, the 
probe acts to shift the electric ?eld lines to maximize the 
collection of electrons by the collector. The latter effect 
can be obtained even if the probe is insulated from the 
collector and the potential thereof adjusted for maximum 
collection. ' 

With the arrangement just described, it is possible to 
obtain very high voltages as compared with a conventional 
thermionic converter. As pointed out above, instead of a 
voltage output of less than a volt, I have obtained voltages 
of approximately 200 volts between the collector and the 
cathode while drawing maximum power through the load. 
By employing the magnetic ?eld 22 to prevent the elec 
trons engaging the anode 17 and by giving the electrons 
a ‘spiraling effect, it is possible for a much larger propor4 
tion of the electrons leaving the cathode 11 to be forced 
onto the collector surface with only 'a relatively small 
portion of the electrons engaging the anode surface, As 
has been pointed out, the ideal situation is to have the 
anode 17 act merely as a means for attracting the elec 
trons without any of the electrons ever touching the an 
ode. Under ideal conditions, the current ?owing in the 
anode circuit should be substantially negligible. 
The arrangement of FIGURE 1 in which the ?at col 

lector 18 is directly connected by conductors 34 and 32 
to the hollow collector 14 tends to create. an oscillatory 
condition due to transient e?ects causing imaging cur 
rents at collectors 14 and 18, which are fed from each 
collector back to the other. In one particular instance, a 
frequency component of 50 mHz. was found to exist. This 
further aids in the collection of the electrons. 
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In FIGURE 2, I have shown a modi?ed form of pick 

up probe. In this case, the probe instead of being in the 
form of a longitudinal wire-like electrode, as in FIGURE 
1, is in the form of a circular ring 36 which is connected 
at 20 to the collector 14, This ring has the advantage of 
having a somewhat extended surface which is engaged 
by ‘more of the electrons entering the collector chamber. 
FIGURE 3 shows a further modi?cation of my inven 

tion. In this case, the hollow collector 44 is of substan 
tially the same con?guration as collector 14 of the species 
of FIGURE 1. Instead, however, of employing a ?at in 
sulating disc, I employ a cup-shaped insulator member 
43 which is ‘provided at its upper end with an inturned 
?ange 45. The cathode 41, as with cathode 11, is hollow 
and has an open lower end. Since I have shown radioactive 
material 46 as the source of heat in this modi?cation, I 
have shown the lower end of the cathode as being closed 
by the insulating member 43 so that the interior of the 
cathode is sealed from the atmosphere. It is to be under 
stood that even though the cathode 41 is entirely within 
the enclosure formed by insulating member 43 and col 
lector 44, it is desirable to have the lower end of the cath 
ode 41 sealed to the upper surface of insulating member 
43 to ‘prevent the escape of radioactive material into the 
area surrounding the cathode. The anode 47 in this modi 
?cation is in the form of an annular sleeve which engages 
the interior of the upstanding cylindrical wall of the cup 
shaped insulating member 43, this cylindrical wall serving 
to electrically insulate the anode 47 from the collector 44. 

In the modi?cation of FIGURE 3, there is a cylindrical 
magnetic pole piece 48 which is secured on top of the 
?ange 45 of the insulating member 43 and which is formed 
of magnetic material. This magnetic member tends to aid 
the entry of the electrons into the hollow collector 14 
in several ways. In the ?rst place, the line of force of the 
magnetic ?eld do not extend beyond the magnetic mem 
ber 48 because of the fact that this magnetic member 
forms an easier means of passage of the magnetic lines 
of force into the area between the anode and cathode. 
Furthermore, the magnetic ?eld extends more closely ad 
jacent to the anode by reason of being directed by the 
downwardly turned ?ange of magnetic member 48. The 
magnetic ?eld thus has less effect on the emission from 
the cathode. To aid this effect, I also provide a lower 
magnetic cylindrical sleeve 49 which is of the same di 
ameter as the downwardly turned ?ange of magnetic mem 
ber 48. This tends to shorten the air gap in the magnetic 
?eld causing it to pass more closely adjacent to the in 
terior of the anode 49. Located adjacent to the cylindrical 
magnetic sleeve 49 is an auxiliary collector 51 which has 
an upturned cylindrical portion 52. This auxiliary col 
lector member 51, like collector member 44, is of con 
ductive material. A further advantage of the magnetic 
members 48 and 49 is that these tend to attract the elec 
trons to the collector since each electron tends to act like 
a tiny magnet due to both axial spin and magnetron or 
bital spin. Thus, the magnetic members 48 and 49 not only 
serve to limit the extent of the magnetic ?eld and de 
crease its tendency to enter the hollow collector 44 but 
they also serve to con?ne the magnetic lines of force more 
closely to an area adjacent to the anode 47 and further 
to aid the electrons in being magnetically attracted into 
the collector areas. 

' A further feature of the modi?cation of FIGURE 3 is 
that I provide an auxiliary intermediate collector 53. 
This auxiliary collector 53 is in the form of a ?at annular 
disc having a central aperture therethrough, the disc being 
suitably mounted 1by a suitable means, not shown, con 
centrically with the cathode 31 with the cathode extending 
through and spaced from the walls of the apertured disc 
in the collector 53. 
' As with the species of FIGURE 1, a positive voltage 
is maintained between the anode 47 and the cathode 41 
by a suitable source of voltage such as battery 55, the 
positive terminal of which is connected by conductor 56 
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to the anode 47 and the negative terminal of which is 
connected by conductor 57 to ground connection 58 to 
which the cathode is connected. In the present embodi 
ment, I employ three loads 59, 60 and 61. The load 60 
corresponds to load 30 of FIGURE 1, being connected 
between the main collector 44 and the cathode. The load 
59 is connected between the magnetic member 49 associ 
ated with collector 51, and the cathode. The load 61 is 
connected between the intermediate collector 53 and 
the cathode. By using three separate loads, it is possible 
for each of the collectors to be maintained at a different 
potential and to obtain the maximum e?iciency in collec 
tion of the electrons on the respective collector surfaces. 
The intermediate collector 53 has the advantage that 

there is some tendency for a portion of the electrons to 
be attracted to the center of the magnetic compression 
chamber and by placing the collector 53 in an intermedi 
ate portion of this chamber, such electrons are collected 
by collector 53 and caused to ?ow through load 61. 
The modi?cation of FIGURE 4, like the modi?cation 

previously described, employs a hollow cylindrical cath 
ode 64 which extends through an aperture in an insulating 
disc 65 which may be of ceramic material. The cathode 
64 is hermetically sealed to the disc 65 and the inte 
rior of the cathode is heated by a suitable source of heat 
such as a burner 66, the ?ame of which extends into the 
interior of cathode 64. A cylindrical anode 67 is sealed 
at its lower end to the insulating disc 65, this anode being 
mounted concentrically with respect to the cathode 64. 
Secured to the upper end of the anode 67 is a spherical 
conductive collector member 68 which has an opening 69 
therein adjacent the interior of the anode member 67. A 
ceramic spacer sleeve 70 is interposed between the col 
lector 68 and the upper end of the anode member 67, 
being hermetically sealed to both the anode and the col— 
lector. 

In the modi?cation of FIGURE 4, I have provided for 
a divergent magnetic ?eld. To accomplish this, I provide 
an annular magnetic member 71 shown as a ‘permanent 
magnet. This magnetic member is provided with upper 
and lower annular openings 72 and 73 to provide opposite 
pole portions. The lower magnetic opening 73 is disposed 
adjacent the lower end of anode member 67 and the up 
per opening 72 surrounds the lower ‘portion of the spheri 
cal collector 68. It will be noted that the upper opening 
72 is substantially larger than the lower opening 73. In 
order to guide the magnetic lines of force, I have .pro 
vided a cylindrical magnetic member 75 which converges 
upwardly and which is of substantially the same diam 
eter as the opening 73 at the lower end of the magnet. 
The upper portion of magnetic member 75 converges so 
that the interior of the upper end of this member more 
closely approaches the exterior of the cathode member 
64. It will be readily apparent ‘from the lines of force 
indicated by reference numerals 76 and 77 that the mag 
netic ?eld is initially con?ned by the magnetic member 
75 to a point closely adjacent to the cathode 64. As it 
passes upwardly to the upper portiton of magnet 71, it 
diverges. The effect of this is to permit the electrons to 
diverge as they pass upwardly. By con?ning the electrons 
at the lower end of the chamber and permitting them to 
diverge as they pass upwardly, the tendency for the elec 
trons to engage the anode 67 is minimized and the tend 
ency of the electrons to enter the interior of the hollow 
chamber 68 is increased. Once they enter the hollow col 
lector chamber 68, they are in a relatively ?eld-free 
region and the mutual repulsion of the electrons causes 
them to spread out and engage the interior of the col 
lector. 
As with the other modi?cations, a load device 80 is 

connected between the collector 68 and the cathode 64 
through connections which are readily apparent from the 
drawing. Similarly, as with the other modi?cations, the 
anode 67 is maintained at a suitable positive potential 
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8 
with respect to the cathode by a suitable source of 
tial, such as battery 81. 

In the species of FIGURE 5, the cathode 82 is in the 
form of a cylindrical tube through which hot ?uid is cir 
culated. The hot ?uid is the source of heat energy which 
is to be converted into electrical energy. It is to be under 
stood that the' portion of the tube 82 extending through 
the converter is coated with a suitable electron emissive 
material.- The anode 83 is in the form of a cylindrical 
sleeve which is sealed at its end to annular insulating 
members 84 and 85 of heat resistant insulating material, 
such as ceramic. Sealed to the interior of these annular 
insulating members 84 and 85, respectively, are cylindri~ 
cal members 86 and 87 which are formed of magnetic 
material. and constitute part of the collector structure. 
Further annular insulating members 88 and 89 are sealed 
to the collector members 86 and 87 and to the cathode 
tube 82. Extending between the two magnetic collector 
members 86 and 87 and electrically connected thereto is 
a helically wound wire 91 of electrically conductive ma 
terial. The helical turns of the coil 91 are preferably 
wound in the same direction as the direction of rota 
tion of the magnetic beam, this direction of rotation 
being determined by the polarity of the magnetic ?eld. 
Where the coil is wound in the same direction as the 
direction of magnetic ?eld, the current ?owing through 
the coil between the two magnetic collector members 86 
and 87 tends to attract the moving electrons just as two 
wires-1 conducting current in the same direction are at 
tracted to one another. For relatively small currents, it 
may be desirable to have the helical coil 91 wound in the 
opposite "direction to the direction of rotation of the 
magnetic ?eld so that there is more tendency for the 
electrons to engage the turns of the wire 91. Or the helical 
wire 91 may be wound in opposite directions in each axial 
direction beginning at the center of the coil. 

'It- is, of course, to be understood, as with the other 
species, ‘that the interior of the chamber enclosed by 
anode 83 is highly evacuated in a manner commonly 
employed in electronic discharge devices. 

Surrounding the sealed unit enclosed by the anode 83 
is a cylindrical permanent magnet 93 having inturned op 
posite ends which are apertured to provide opposite poles. 
The cathode 82 extends through the apertures in the mag 
net 93. The magnet 93 produces a magnetic ?eld which ex 
tends generally to the anode 83 within the same. 

Still referring to the species of FIGURE 5, a suitable 
source of potential such as the battery 94 is connected 
‘between the anode 83 and the cathode'82 so as to apply 
a positive potential to the anode 83. A suitable load de 
vice 96 is connected between the magnetic collector 
member 87 and the cathode 82 so as to be connected be 
tween the collector assembly and the cathode. 

In vthe arrangement of FIGURE 5, the electrons leav 
ing the cathode are attracted to the anode 83 but are 
prevented @from engaging the anode 83 to any substantial 
extent by the magnetic ?eld created by magnet 93. The 
electrons are thus forced to travel spirally in opposite 
directions. Some of these electrons are collected by the 
helical wire 91 and some enter the magnetic collectors 
86 and 87, being attracted thereto by the magnetic ac 
tion between the collector members and the spinning 
electrons. The electrons ?ow through the load device 
96 back to the cathode. 

Referring to the species of FIGURE 6, the cathode is 
indicated by the reference numeral 99. This cathode is 
either formed of electron emissive material or coated with 
an electron emissive coating. The cathode takes the form 
of an inverted hollow tube as in the other species. Extend 
ing into this tube is a burner 100 which is of a type which 
burns a mixture of gas and air or oxygen and acetylene, 
etc. A gas supply line 101 supplies gas to the burner and 
an air supply line 102 supplies air thereto. The gas and 
air are passed through passages 103 and 104, respectively, 

poten 



3,477,012 
and pass out through the burner 100 where they are mixed 
and burned. As with some of the other modi?cations, 
the anode 105 takes the form of a cylindrical sleeve of 
conductive material. This sleeve is secured at its opposite 
ends to annular members 106 and 107 of suitable heat 
resistant insulating material, being hermetically sealed 
thereto. Hermetically sealed to the inner wall of the 
annular insulating disc 106 is a cup-shaped collector mem 
ber 110, likewise formed of conductive material. Secured 
to the interior surface of the annular insulating member 
107 is a ?at collector plate 111 of conductive material. 
This ?at collector plate, along with the rest of the as 
semblage, is supported from the cathode 99 by an inter 
posed annular insulating member 112 which is hermeti 
cally sealed to the collector plate 111 and to the 
cathode 99. 

In this modi?cation, I provide a plurality of auxiliary 
anodes 114 in the form of longitudinal bars or “cogs” of 
conductive material. As best shown in FIGURE 7, which 
is a cross-sectional view taken along the line 7—7 of 
FIGURE 6, these bars 114. are uniformly spaced about 
the periphery of the cathode 99 being suitably spaced 
therefrom. Each of the bars 114 is insulated from the 
main anode 105 by a series of insulating posts 115. 
The entire assemblage including the collector members 

and the anode member with the enclosed cathode and 
auxiliary anode members 114 is hermetically sealed and 
evacuated. Surrounding this evacuated structure is an 
electromagnetic winding 117 which produces a magnetic 
?eld similar to that of the other species, this magnetic 
?eld passing between the anode and cathode and generally 
parallel thereto. Any suitable energizing means, not 
shown, is employed for energizing the winding 117. 

In this species, as shown, I maintain the main anode 
105 at a higher potential than the auxiliary bar electrodes 
114. A ?rst source of power, such as a battery 118 is con 
nected between the cathode and the auxiliary anodes 114. 
While I have shown the connection to only one of these 
anodes, it is to be understood that a similar electrical con 
nection is made between battery 118 and the other 
auxiliary anodes. A second source of power such as a bat 
tery 119 is interposed between the auxiliary anodes and 
the main anode 105 so that the main anode 105 is main 
tained at a higher potential than the auxiliary anodes. 
While I have shown the auxiliary anodes as being main 
tained at a lower potential than the main anode 105, in 
some instances, it may be desirable to have the auxiliary 
anodes at the higher potential, relying upon the spacing 
between the auxiliary anodes to prevent the electrons from 
engaging the auxiliary anode. The effect of the auxiliary 
anodes connected as shown in the drawing, however, is to 
minimize any tendency of the electrons to pass to the high 
potential anode 105. This, of course, is aided by the effect 
of the electromagnetic ?eld. 
While I have shown longitudinally extending bars 114 

as constituting the auxiliary anode, it is to be understood 
that these auxiliary anodes or anode may take any other 
form. For example, it is possible to employ, instead of 
bars, a coiled wire such as wire 91 of FIGURE 5. In such 
a case, the coiled wire, instead of acting as auxiliary col 
lector as in FIGURE 5, would act as an auxiliary anode, 
being maintained at a different potential than the main 
anode. > 

It is also possible to have the longitudinally extending 
bars connected to the opposite collector members and 
act as part of the collector structure, instead of being 
connected to a source of voltage to act as auxiliary 
anodes. These bars in such an arrangement would func 
tion in a manner similar to the coiled wire 91 of FIGURE 
5. In such a case, the bars may be concave to increase 
the collecting effect. 

It is also possible for the bars 114 or a coiled wire 
such as wire 91 to be connected to a variable negative 
source of voltage to function as a grid. In such a case, 
this auxiliary electrode or electrodes would be insulated 
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10 
from the anode and collector as is the case with the 
bars 114. . 

In the modi?cation of FIGURE 8, I have shown an 
arrangement in which solar energy is employed to heat 
the cathode. Furthermore, I have shown an arrangement 
in which certain of the electrodes are curved to more 
effectively direct the electrons onto the collector surface. 
Referring speci?cally to FIGURE 8, the thermal con 
verter is supported from a parabolic mirror 125 by a 
plurality of struts 126 which engage an inverted cup 
shaped collector 127 of suitable conductive material. The 
cathode 128 is cylindrical and hollow with the hollow por 
tion facing downwardly, as in other modi?cations. 
Secured to the cathode 128 is a conical ?ange 129 of 
conductive material which is hermetically sealed at its 
outer upper edge to an annular ring 130 of suitable heat 
resistant insulating material such as a ceramic. The anode 
131 is basically cylindrical but curves inwardly so that 
its diameter at its upper end is substantially less than its 
diameter at its lower end. This lower outer edge of the 
anode 131 is hermetically sealed to the insulating member 
130 and to a second similar annular insulating member 
133 which, in turn, is hermetically sealed to the lower 
end of the collector 127. Thus, the cathode, the anode and 
the collector are held together to form a hermetically 
sealed enclosure which is suitably evacuated. 
The cathode 128, in this embodiment, is provided with 

an elongated inverted conical electrode 135 which elec 
trode is of conductive material and functions as a focusing 
electrode. Because the electrode is connected to the 
cathode, it is at the same ground potential as the cathode. 
In this embodiment, I have also shown a curved shield 
137 which is either integral with or conductively secured 
to the lower end of the collector 127 and extends up 
wardly and inwardly from this lower end. The general 
curvature of this shield corresponds approximately to 
the curvature of the anode 131. The shield 137 functions 
as a Faraday shield to tend to reduce the effect of the 
electrons to go to the anode 131. 
To further aid the direction of the electrons, I pro 

vide a beam controlling “sole” 139. A conductor 140 
connected thereto through an insulator 141 located in the 
upper wall of collector 127 extends to a suitable source 
of positive voltage such as a ‘battery 142. The battery 
142 tends to maintain the sole at a slightly positive poten 
tial with respect to the cathode, this positive potential 
being relatively small, however, as compared with the 
voltage applied to the anode 131. 

Permanent magnet 141 extends around the outside of 
the collector 127 and serves to provide, an axial ?eld 
which passes between the anode 131 and the cathode 128 
including the focusing electrode 135. 
As with the other forms of the invention, the anode 

131 is maintained at a positive potential with respect to 
the cathode 128 by a suitable source of power such as 
a battery 143. Similarly, a suitable load 144 is connected 
between the collector 127 and the cathode 128 so that 
the electrons reaching» the collector ?ow through this load 
resistor back to the cathode. 
The parabolic mirror 125 is designed so that the rays 

of sun indicated by the reference numerals 146 are re 
?ected into the interior of cathode 128. It other words, 
the cathode 128 is located at the focal point of the para 
bolic mirror 125. Because of this arrangement, the 
cathode 128 can be intensely heated by the solar energy 
directed onto the re?ecting surface of mirror 125. It is 
to be understood, of course, that the arrangement involv 
ing the parabolic mirror 125 may be used with other 
forms of the invention and that as far as the modi?cation 
of FIGURE 8 is concerned, other forms of heating the 
cathode may be employed. 

Referring generally to the operation of the thermionic 
converter of FIGURE 8, electrons leaving the surface of 
cathode 128 are directed as indicated by dotted lines 148 
upwardly between the anode 131 and the focusing elec 
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trode 135. They are prevented from engaging the anode 
131 by the combined effects of the electromagnetic ?eld 
and the Faraday shield 137. After passing upwardly be 
yond the end of the anode 131, they are immediately re 
pelled from each other so as to engage the interior wall 
of the collector 127. This action is aided by the beam 
directing sole which exerts an attractive force upon the 
electrodes to further accelerate the same. At the same 
time, because of its relatively low positive potential and 
because of the fact that the electrons by the time they 
reach the region of the sole have obtained sut?cient veloc 
ity in paths away from the sole, relatively few of the elec 
trons engage the sole, substantially all of them passing 
beyond the sole and engaging the interior walls of the 
collector from whence they are drawn away through the 
load 144. With this type of arrangement, in which the 
various beam guiding surfaces are curved, the electrons 
are very effectively directed towards the interior collector 
surface with relatively little loss to the anode or other 
auxiliary electrodes. 
The arrangement of FIGURES 9 and 10 operates in a 

somewhat different manner in that the electrons instead of 
passing out beyond the end of the cathode are directed 
outwardly from the cathode in a curved path to engage a 
collector surface which is generally coextensive longi 
tudinally with the cathode. In this modi?cation, as will 
be presently explained, the anode does not encircle the 
cathode but merely extends part ‘way around it permitting 
the electrons to pass beyond the edge of the anode and 
engage the collector. 

Referring speci?cally to the structure shown in FIG 
URES 9 and 10, the cathode is indicated by the reference 
numeral 150. This cathode, like that of the other modi 
?cations is preferably of tubular form having the lower 
end thereof open. This lower end extends through and is 
sealed to a ceramic base plate 151. A suitable means, not 
shown, may be employed for introducing heat into the 
interior of the cathode 150 to cause the same to emit 
electrons. Also secured to the insulating base plate 151 is 
an inverted cup-shaped collector 152, the lower open end 
of which is hermetically sealed to the insulating base plate 
151. The enclosure formed by the collector 152 and the 
base plate 151 is evacuated as in the other species. Also 
secured to the base plate is an anode member 151 which, 
unlike the other species, is only‘v semi-cylindrical, as best 
shown in FIGURE 10. A sole electrode 154 is also se 
cured to the insulating base plate 151. This sole, as shown 
in FIGURE 9, is of substantially the same vertical extent 
as the anode 153 and the cathode 150. As best shown in 
FIGURE 10, the sole 154 has a curved portion 155 which 
is curved so as to be concentric with the cathode 150, the 
radius of curvature being somewhat larger than that of 
cathode 150 so as to be spaced therefrom. The inter 
mediate portion of the sole 154 is in the form of a ?at 
plate 156. The outer portion of the ,sole' is bent at an angle 
to portion 156 and closely approaches but is spaced from 
the collector 152. The collector is surrounded by a perma 
nent magnet 158 having a magnetic ?eld parallel to the 
cathode 150‘. 
The anode 153, as in the other species, is maintained at 

a relatively high positive potential with respect to the cath~ 
ode by a suitable source of potential such as a battery 
160. A load device 161 is connected between the collector 
152 and ground and hence between the collector and the 
cathode. Another load device 162 is connected between 
the sole 154 and the cathode. 

In operation, the electrons leaving the cathode 150 
tend to approach the anode 153 being attracted thereby. 
The magnetic ?eld, however, produced by the magnet 158 
is effective as indicated by the dotted lines 164 to de?ect 
the electrons away from the anode 153 causing them to 
pass outwardly from beyond the right-hand edge of the 
anode 153 to engage the inner surface of collector 152. 
Due to the rotative effect of the magnetic ?eld and the 
slowing down of the electrons as they approach the nega 
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tive and an acceleration of the electrons as they move back 
towards the accelerating anode, the electrons will follow 
a trochoidal path as indicated by the dotted lines. The 
electrons so engaging the collector cause the collector to 
assume a relatively high negative voltage and these elec 
trons are conducted through the load 161 back to the 
cathode. Any electrons which continue to curve around in 
a clockwise direction, if they travel far enough, due to 
the mutual repulsion between the electrons, will engage 
the sole 154. These electrons will be picked up by the 
sole and will travel back through load resistor 162 to the 
cathode. The sole 154, by reason of the stray electrons 
engaging the same, tends to assume a somewhat negative 
voltage, the magnitude of which is determined by the mag 
nitude of load resistor 162. The sole 154, being main 
tained at this negative voltage, prevents any electrons from 
returning to the cathode 150. It also protects against any 
electrons continuing to move in a clockwise direction 
until they engage the positively charged anode 153. The 
electrons traveling in this clockwise direction are thus 
either forced onto the sole 154 or onto the collector 152. 
In either case, the energy resulting from the movement of 
these electrons is utilized in either of the loads 161 or 162. 
The arrangements of FIGURES 9 and 10, by reason of 

the concave collector 152, the provision of the sole and 
the general organization of the unit, result in relatively 
high output voltages as compared ‘with conventional 
crossed-?eld thermionic converters. I have obtained in 
one embodiment, a voltage output of —l00 volts, such 
voltage being very much higher than those obtained with 
conventional thermionic converters. As with my other em 
bodiments, the magnetic ?eld acts to compress the space 
charge causing it to assume the nature of a compression 
chamber and due, in part to areas of irregularities or 
openings in either the electrostatic ?eld or electromagnetic 
?eld or a combination of both, the charges leaving the 
compression chamber have much greater individual kinetic 
energy than the average kinetic energy of the charges 
within the compression chamber. Because of this addi 
tional energy, the electrons can be collecteo on the highly 
charged collector electrode 152. 

While I have shown the base member 151 as being of 
insulating material, it is also possible for this to be of 
conductive material and either integral with or electrically 
connected to the collector member 152. In such a case, 
it is, of course, to be understood that the cathode 150, the 
anode 153 and the sole 154 will be suitably insulated fro-m 
this lower member. The advantage of picking the lower 
member of conductive material is that any electrons which 
spiral out above or below the anode 153 will engage a 
conductive surface of the collector and will increase the 
current ?owing through the load 161. 
The species of FIGURE 11 shows an additional fea 

ture shown in connection with a thermionic converter of 
the type shown in FIGURES 9 and .10 but which can be 
employed with the other species. In order to enable a 
ready comparison of FIGURES 9 and 10 with FIGURE 
11, the same reference characters have been used in con 
nection with FIGURES 9 and 10, as far as identical ele 
ments are concerned. Thus, there is a cathode 150, semi 
cylindrical anode 153, a cylindrical collector 152 and a 
sole electrode 154. ‘In addition to the elements included 
in the species of FIGURES 9 and 10, I have a further 
electrode 170 which is curved to conform to an equi 
potential surface within the chamber formed by collector 
152. This further curved electrode 170 will be of sub 
stantially the same height as the anode 153 and is con 
nected through an adjustable load 165 to the cathode 150. 
Because the auxiliary electrode 170 lies in the path of 
electrons, it will tend to assume a negative charge by 
reason of the electrons engaging this element. By adjust 
ing the load 165, the amount of this negative ‘voltage 
can be adjusted. It is preferable to adjust the negative 
voltage so that the voltage is slightly less negative than 
would otherwise exist along the equi-potential surface 
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existing at the location of this electrode 170. It has been 
found in actual experiments that by doing so, the elec 
trons tend to travel deeper into the collector region and 
then to be deflected through the area between the right 
hand end of the electrode and the rightfhand end of 
anode 153, as shown by the dotted lines 175. As with the 
arrangement of FIGURES 9 and 10, the electrons tend 
to follow a trochoidal path. It has been found in actual 
experiments that the efficiency of the unit is greatly in 
creased when such an additional electrode is employed. 
(While I have shown the additional electrode 170 in 

coniiéction with a thermionic converter of the type shown 
in FIGURES 9 and 10, it is to be understood that a 
similar type of electrode could be employed in connection 
with the other species. ‘In each case, the contour of the 
additional electrode would be selected to conform with an 
equi-potential surface existing at the area in which it is 
located. 

It is also to be understood that in connection with any 
of the embodiments of my invention that a suitable grid 
canibe employed between the cathode and the anode to 
vary the emission from the cathode and hence to vary 
the output current. 
While I have referred in numerous cases to electrodes 

being cylindrical in the speci?cation and claims, it is to 
be understood that the term cylinder is to be construed 
in its broad geometric sense as the surface formed by 
any line being continuously moved parallel to a ?xed line. 
In other words, the term cylindrical as used in the 
speci?cation and claims is not intended to be limited to a 
right circular cylinder. ' 

CONCLUSION 

It will be seen that I ‘have provided a thermionic con 
verter in which a magnetic ?eld is employed to hold the 
electrons ‘under compression until they are forced out of 
the compression chamber at areas of irregularities or 
openings in the electrostatic or electromagnetic ?eld. At 
such irregularities, space charge waves are generated and 
the charged particles leave the compression. chamber with 
greater individual kinetic energy than the average kinetic 
energy of the charges within the compression chamber. 
Because of this additional energy, the charged particles 
can be collected on a high-1y charged collector electrode 
with great efficiency. The magnetic ?elds generated by the 
rotating electrons are an additional aid in generating 
velocity towards the collectors. Since the energy ex 
changes between the heat input, the charged particles in 
the=cross~?eld space, and the collector are extremely com 
plex, no effort has been made to explain these exchanges, 
except to point out the various actions known or sus 
pected to occur. For purposes of brevity, it should be 
suf?cient to note that the combination of a cathode to 
which heat is added, with a magnetron-like compression 
chamber, and a concave or hollow collector enables an 
output voltage much higher than the one or two-volt 
limits of conventional thermionic converters. By reason 
of the employment of a concave collector surface, the 
presence of a virtual cathode in front of the collector 
surface is materially reduced. It will also be seen that my 
arrangement is broad enough to contemplate either forc 
ing' the electrons or other charged particles out of the end 
of the chamber 'into or onto collectors disposed at the 
ends thereof or to cause the charged particles to pass out 
sidewise beyond the anode to engage an adjacent concave 
collector surface. 

While I have shown a number of embodiments of my 
invention, it is to be understood that this is for purposes 
of '"illustration only and that the scope of the invention 
is to be limited solely by the appended claims. 

‘I claim as my invention: 
1. A thermionic converter for converting heat energy 

to electrical energy comprising: 
an enclosure including 

a cylindrical thermionic electron emissive cathode 
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designed to emit electrons from the exterior 
cylindrical surface thereof when said cathode is 

. heated, _ 

.. means for accelerating said electrons comprising 
a. an anode having an elongated curved surface 

‘ spaced from and at least partially surrounding 
said cathode, and 
collector having a concave conductive surface 
within said enclosure and disposed so that said 
conductive surface extends beyond one extrem 
ity of said anode so as to be in the path of 

-. electrons emitted by said cathode and moving 
‘ past said curved surface of said anode, - 

a source of heat for applying heat to said cathode, said 
source of heat being of a magnitude such that it con 
stitutes the primary source of external energy applied 
to said converter, 

means for applying a positive voltage between said 
‘anode and cathode to accelerate the passage of elec 
trons from said cathode to said collector, 

magnetic means surrounding said anode and producing 
a magnetic ?eld generally parallel to the longitudinal 
axis of the curved surface of said anode for con?n 
.ing the electrons emitted by said cathode and mini 
mizing the tendency of said electrons to enage said 
anode, 

and means operative to withdraw the electrical energy 
from said converter resulting from the heat applied 
to said cathode, 

said means including a utilization circuit con 
nected between said collector and said cathode 

‘ to withdraw the energy from said collector due 
to the electrons engaging the conductive surface 
thereof, said utilization circuit being free of 
any external electrical source of power of the 
same order of magnitude of energy as that of 
said source of heat. 

2. The converter of claim 1 in which the anode is a 
cylindrical member completely surrounding said cathode 
and in which the collector is adjacent one end of said 
anode. 

3. The converter of claim 1 in which the anode extends 
only partially around the cathode and in which the col 
lector surrounds the cathode over a sector through which 
the anode does not extend. 

4. The converter of claim 2 in which the collector is 
hollow and has an opening facing the region between said 
cathode and anode. 

5. The converter of claim 2 in which the magnetic 
‘ ?eld diverges in the direction of the collector. 

6. The converter of claim 2 in which there is an addi 
tional collector disposed intermediate the opposite ends 
of said anode. 

7. The converter of claim 6 in which the additional 
collector is in the form of a he-lically wound coil. 

8. The converter of claim 6 in which the additional col 
lector is in the form of a ?at plate. 

9. The converter of claim 2 in which the collector con 
sists of two portions each disposed adjacent an opposite 
end of said anode. 

10. The converter of claim 9 in which the two por 
tions of said collector are each hollow and each has an 
opening facing the region between said cathode and anode. 

11. The converter of claim 1 in which the cathode is 
tubular and in which the source of heat is a source of 
heated ?uid which is circulated through said cylindrical 
cathode. 

12. The converter of claim 1 in which the cathode in 
cludes radioactive material which constitutes the source 
of heat. 

13. The converter of claim 1 in which the collector is 
of magnetic material. 

14. The converter of claim 1 in which the collector is 
hollow and one or more pick-up probes or ?eld forming 
electrodes are placed within, or form the end of the col 
lector. 
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15. The converter of claim 1 in which the source of 
heat is a re?ector adapted to be exposed to solar energy 
and in which the cathode is adjacent to the focal point of 
the re?ector. ‘ 

16. The converter of claim 1 in which axial barlike elec 
trodes extend axially inside of said anode and are main 
tained at a different potential than said anode. 

17. The converter of claim 1 in which there is an 
additional electrode disposed beyond one extremity of 
the anode and which is maintained at a potential such as 
to maximize the amount of energy withdrawn from said 
converter. 

18. The converter of claim 1 in which there is a cou 
pling between electrodes of the converter to cause oscil 
lations which aid electron ?ow to the collector. 

19. The converter of claim 1 in which there is a grid for 
controlling electron ?ow from the cathode. 

20. A thermionic converter for converting heat energy 
to electrical energy comprising: 

an enclosure including 
a cylindrical thermionic electron emissive cathode 

designed to emit electrons from the exterior 
cylindrical surface thereof when said cathode is 
heated, 

means for accelerating said electrons comprising 
an anode having an elongated curved surface 
spaced from and at least partially surrounding 
said cathode, and 

a collector having a conductive surface within said 
enclosure and extending across the correspond 
ing axial ends of said cathode and said accelerat 
ing means so that said conductive surface lies 
across the path of electrons emitted by said 
cathode and moving past the end of said curved 
surface of said anode, 

a source of heat for applying heat to said cathode, said 
source of heat being of a magnitude such that it con 
stitutes the primary source of external energy applied 
to said converter, 

means for applying a positive voltage between said anode 
and cathode to accelerate the passage of electrons 
from said cathode to said collector, 

magnetic means surrounding said anode and producing 
a magnetic ?eld generally parallel to the longitudinal 
axis of the curved surface of said anode for con?ning 
the electrons emitted by said cathode and minimizing 
the tendency of said electrons to engage said anode, 

and means operative to withdraw the electrical energy 
. from said converter resulting from the heat applied to 
said cathode, 

said means including a utilization circuit connected be 
tween said collector and said cathode to withdraw 
the energy from said collector due to the electrons 
engaging the conductive surface thereof, said utiliza 
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tion circuit being free of any external electrical source 
of power of the same order of magnitude of energy 
as that of said source of heat. ‘ z 

21. A thermionic converter for converting heat energy 
to electrical energy comprising: 

an enclosure including . v - - 

a cylindrical source of charged particles designed 
to cause charged particles to move from the ex 
terior cylindrical surface thereof whenvsaid elec 
trode is heated, ' 

means for accelerating said charged particles com 
prising a second cylindrical electrode surround 
ing said ?rst named electrode, and 

a collector having a conductive surface within said 
enclosure and extending adjacent one end of said 
second electrode, ' ~ 

a source of heat for introducing heat within the interior 
of said ?rst named hollow electrode, said source of 
heat being of a magnitude such that it constitutes the 
primary source of external energy applied to said 

, converter, . 

means for applying a voltage between said second elec 
trode and said ?rst named electrode to accelerate the 
passage of charged particles from said ?rst named 
electrode to said collector, 

magnetic means surrounding said second electrode and 
producing a magnetic ?eld generally parallel to the 
axis of said second electrode for con?ning the charged 
particles moving from said ?rst electrode and mini~ 

_ mizing the tendency of said charged particles to en 
gage said second named electrode, ' 

and means operative to withdraw the electrical energy 
from said converter resulting from the heat applied 
to said cathode, 

‘said means including a utilization circuit connected 
between said collector and said ?rst named elec 
trode to Withdraw the energy from said collector 
due to the charged particles engaging the con 
ductive surface thereof, said utilization circuit 
being free of any external electrical source of 
power of the same order of magnitude of energy 

a as that of said source of heat. 
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