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ION SOURCE WITH SPACE CHARGE 

NEUTRALIZATION 
John W. Flowers, Gainesville, Fla., John S. Luce, Dan 
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assignors to the United States of America as represented 
by the United States Atomic Energy Connaission. 

Filed Mar. 27, 1962, Ser. No. 98,726 
9 Claims. (C, 33-63) 

This invention relates to an ion source and more par 
ticularly to an ion source in which means are provided 
to insure space charge neutralization to thus provide an 
ion beam which is neutralized at all times. 

Space charge. neutralization is nornaily obtained in the 
prior art by providing a source of electrons near the exit 
of the ion source or by means of a neutral vapor to pro 
vide a cioud of electrons around the ions. However, it is 
indeed difficult to provide the proper annount and spacial 
distribution of electrons at all times because of changes in 
the ion density. in addition, plasma osciliations will 
occur due to non-uniform electron distribution across the 
ion exit beam. Also, by providing space-charge neutrali 
zation at the exit end of the ion source and only after 
acceleration, complete neutralization does not occur 
throughout the machine. Thus, space charge forces will 
exist in the machine before acceleration so as to limit the 
ion current and thus the thrust unless electrons are pro 
vided. The thrust of the neutralized beam is an important 
aspect of the ion source of this invention when such a 
source is used in the field of ion propulsion of space vehi 
cles. Unless the space charge effect is completely neu 
tralized, there will be a definite limit on the thrust ob 
tainable with ion propulsion. 

It is known that a substantial difficulty is experienced, 
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as a result of the space-charge effect, when intense ion 
beams are ejected from an ion source. This difficulty in 
cludes a limitation of the output as predicted by Lang 
muir-Child's law and prevents the formation of a well 
defined beam due to the well known ion beam "blow up." 
In the field of plasma physics, there are many applica 
tions where a high current, well-defined ion source is de 
sirable. In addition to the use of such a source in the 
ion propulsion of space vehicles as mentioned above, one 
other specific field for such usage is the ion injection into 
machines for producing high density plasmas for neutron 
production. Another use for such an ion source is for 
the ion injection into experimental machines to study the 
feasibility of controlled thermonuclear reactions. 
With a knowledge of the limitations of prior art ion 

sources, as discussed above, it is a primary object of this 
invention to provide an ion beam that is neutralized at all 
times so that space charge forces cannot develop. 

It is a further object of this invention to provide an ion 
source with means for ejecting a high energy neutralized 
beam therefrom. 

It is another object of this invention to provide an ion 
source with means for ejecting a high density neutral 
plasma therefrom. 

It is an additional object of this invention to provide a 
high specific impulse arc-ion system for the propulsion of 
space vehicles. 
These and other objects and advantages of this inven 

tion will become apparent upon consideration of the foll 
lowing detailed specification and the accompanying draw 
ings, wherein: 
FIG. 1 is a schematic drawing of a neutralized electron 

ion source; 
FIG. 2 is a sectional view of an injector device employ 

ing the ion source and electron gun of FIG. 1 for pro 
ducing an energetic neutralized beam of electrons and 
ions; 
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FIG. 3 is a sectional view of an injector device em 

ploying the ion source of FIG. 1 for producing a high 
density, neutral plasma; - 

FIG. 4 is a schematic drawing of an ion source which 
may be used as a variabie specific impulse system for . 
propulsion of space vehicles; and, 

FIG. 5 is a schematic drawing of another embodiment 
of a variable specific inpuise system for the propulsion 
of space vehicles. 
The above objects have been accomplished in the 

present invention by providing an ion source in which a 
refluxing type of gas-fed arc discharge is used to provide 
ions, and providing an electron gun for directing a con 
trolled, monoenergetic electron beam through the dis 
charge. There will be an intimate mixing of the accele 
erated ions and electrons within the ion source and beyond 
the ion source for more effective space charge neutraliza 
tion. The space charge neutralization in the ion source 
and accelerating gap is effected by oscillating, low energy 
electrons, and the space charge neutralization of the exit 
beam from the ion source is effected by the monoenergetic . 
electron beam beyond the exit end of the ion source. The 
neutralized beam may be accelerated to any desired ener 
gy at densities well above the limitation imposed by Lang 
muir-Child's law. The electron-ion source is well adapted 
to the propulsion of space vehicles. . The use of a neu 
tralized beam in space propulsion is mandatory because 
it obviates the possibility of a net charge developing in 
the space vehicle. When a conventional ion source is 
used in the vehicle, ions may be attracted back to the ve 
hicle and thus limit or prevent the ions from the conven 
tional ion source from being ejected from the source, and 
render such a propulsion system ineffective. - . . 

FIG. illustrates one embodiment of an electron-io 
source in which the principies of this invention may be 
carried out. The energetic electrons for this source are 
provided by an electron gun now to be described. . 
A filament cathode 1, which may be either directly or 

indirectly heated, is axially and magnetically aligned with 
a hollow anode 2. Gas, argon for example, is fed from a 
source 4 and through tubing 3 to the hollow area of the 
anode 2. A 150 volt D.C. source 5 is connected between 
cathode 1 and anode 2 by leads 7 and 6, respectively. A 
gas arc is struck between the cathode 1 and anode 2. 
This 150 volt D.C. potential is actually applied across 
the narrow plasma sheath formed by the arc plasma at 
the filament surface. Thus, the electrons see a very 
strong electric field gradient. This arrangement permits 
ions, resulting from the arc, to neutralize space-charge 
forces and thus a dense electron stream i can be drawn 
out through the anode 2 using a suitable accelerating po 
tential. The electron gun is positioned in a strong, that is, 
about 6000 gauss, axial magnetic field provided by elec 
tromagnets, not shown, so that the electron stream is 
well collimated. The direction of the magnetic field is 
shown by the arrow H. A high-potential shield 3 sur 
rounds the electron gun. The shield increases the gas 
efficiency of the gun and reduces electrical breakdown 
problems at high accelerating potentials. An acceleration 
electrode 10 is provided just beyond the shield 8, and is 
electrically connected to the shield 3 by a lead 9. The 
shield 8 and electrode 10 are connected to a source of 
high potential of about 39 to 43 kV., negative, with respect 
to the ion source, to be described below. 
This electron gun will produce a ampere, non 

divergent, 5 kv. electron beam of 4 inch diameter. This 
corresponds to a particle density of 5 x100/cci, or a cur 
rent density of 5 amperes/cnn.. . 
The structure for providing the ions for the device of 

FIG. 1 will now be described. A hollow tungsten cathode 
16 is mounted in an end plate 12. A hollow anode 17 is 
mounted within a tubular member 14. The member 14 
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is provided with flanges on each end. An annular in 
Sulating member 13 is mounted between end plate 12 
and the flange portion at one end of member 4. An 
annular shield 15 is mounted to and within the annular 
insulator 13 and closely encompasses the hollow cathode 
16. The member 4 is provided with an internal, en 
larged portion which closely encompasses the hollow 
cathode 16, as shown, for preventing ions from the arc 
discharge entering the area occupied by the shield 15. 
The cathode 16 and anode 17 are axially and magnetical 
ly aligned with the electrodes of the electron gun. 
An annular end plate 20 with a tungsten insert 2i is 

affixed to the flange portion on the other end of mem 
ber 14. The plates 12 and 20 are connected to D.C. 
sources of 99.85 kv. and 100 kV., respectively, not shown. 
An annular electrode 22, is positioned beyond the end 
plate 22. This electrode 22 is insulated and is thus elec 
trically floating. Gas which may be deuterium, for ex 
ample, is fed from a source 19 and through a tube 18 to 
the interior of the hollow anode 17. A refluxing gas 
arc discharge 23 is initiated between the cathode 6 and 
anode 7 in the same manner as set forth in the U.S. 
patent to John S. Luce, No. 2,927,232, issued March 1, 
1960, with the exception that gas is not fed to the cathode. 
The axial magnetic field of 6000 gauss provided for 

the electron gun is also used for the ion source. The elec 
tron gun and the ion source are both enclosed within a 
chamber, not shown, which is evacuated to a pressure of 
about 3x105 mm. Hg. The ion source will produce a 
/2 ampere, 6 kV. ion beam using deuterium as the feed 
gaS. 
The energetic electron stream 11 from the electron 

gun is directed through the center of the refluxing arc 
discharge 23. There is an intimate inixing of the ac 
celerated ions and electrons within the ion source and 
accelerating gap due to the oscillating electrons within 
the Source and an intimate mixing of the accelerated ions 
and electrons beyond the exit end of the ion source due 
to the energetic electrons emerging with the exit ion 
beam. Thus, there is effective space charge neutralization 
within and beyond the ion source. An acceleration elec 
trode 24 at ground potential is provided for withdrawing 
the ions from the source through end plate 29 and elec 
trode 22. Some of the electrons from the energetic stream 
11 of electrons will arrive at the acceleration electrode 
24 and have sufficient energy to pass through this elec 
trode along with the ions from the ion source to thus pro 
vide a neutralized beam 25 of electrons and ions. By 
providing space charge neutralization within the arc gap, 
the current output of the beam 25 is substantially in 
creased above that which is obtained from a conven 
tional ion source because the emission from the con 
ventional ion source is limited by space charge forces. 
The insulated electrode 22 is employed as a defining 

electrode and it has been found that the use of this elec 
trode also increases the current output of the neutralized 
beam 25. The relatively cold electrons of the arc dis 
charge 23 and those of the energetic beam 11 which are 
slowed down by collision processes do not have sufficient 
energy to pass through the electrode 24 since this electrode 
will repel such low energy electrons which will then oscil 
late between the electrode 24 and the cathode 16. These 
oscillating electrons will provide for space charge neu 
tralization within the ion source and accelerating gap as 
discussed above. It should be noted that the electrons 
and ions in the ion source are subjected to the same mag 
netic and electrostatic fields. By controlling the density 
of all of the electrons, the resultant beam would be neu 
tralized at all times. Space charge neutralization will 
take place within the ion source in the accelerating gap, 
and beyond the accelerating electrode. 
The neutralized beam of FIG. i may be used in an in 

jector for injecting the beam into a neutron producing 
plasma machine. In order to provide a high density 
plasma in such machines, the density of the injected ions 
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should be as great as possible, for example, about 109/cc. 
at 600 k.e.v. By using the principles of FIG. 1 in such 
an injector, it is possible to achieve such density which 
would not otherwise be possible with conventional ion 
source because the electrostatic force resulting from space 
charge would blow up the beam. FiG. 2 illustrates how 
the ion source of FIG. 1 may be used in a neutralized 
beam injector. An electron source tube 27 supports an 
indirectly heated filament 28 which is spaced from a hol 
low anode 29. The electron stream 50 from the elec 
tron source is directed through a plurality of annular . 
electromagnetic coils 52, 53, 54, 55, and 56, then through 
the ion source to be described befow, then through a plu 
Itality of electromagnetic coils 58, 59, 60, and 61, and then 
through a shielded injection tube 49. The ion source is 
encompassed by an electromagnetic coil 57. The coils 
52-61 provide a collimating magnetic field whose strength 
is about 6000 gauss at the coil centers and about 2000 gauss 
in the gaps between the coils and whose direction is indi 
cated by the arrow H. The device of FIG. 2 is enclosed 
within a vacuum chamber 30. This chamber 30 is formed 
by the member 3, an annular plate 32, a tubular insulating 
wall 33, an annular plate 38, a tubular plate 63, an an 
nular plate 40, a tubular insulating wall 41, an annular 
plate 46, and a vacuum manifold 47. The member 31 
is connected to two vaccum pumps 26 and 26'. The 
manifold 47 is connected to two vacuum pumps 48 and 
48. The chamber 30 is evacuated by these pumps 26, 
26', 48, 43' to a pressure of about 3X 10 mm. Hg. . 
The coils 52-56 and 58-6i are enclosed within metallic 

housings. The housings around coils 52 and 53 are con 
nected to zero potential by electrical leads, not shown. The 
housings around coils 54, 55 and 56 are connected through 
members 34 and 35 and electrical leads, not shown, to 
sources of D.C. potential of 150 kv., 300 kv., and 450 
kv., respectively. The upper and lower plates of the 
ion source are connected through members 38 and 40, and 
electrical leads, not shown, respectively, to D.C. sources 
of 599.85 kV. and 600 kv., respectively. The housings 
around coils 58, 59 and 50 are connected through mem 
bers 42 and 43, and electrical leads, not shown, to sources 
of D.C. potential of 450 kv., 300 kv., and 150 kv, respec 
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tively. The housing around coils 61 is connected to zero 
potential by electrical leads, not shown. A shield mem 
ber 62 is positioned at the exit end of coil 61 to insure 
that the electron-ion beam 51 will enter the injector 
tube 49. 
The potential gradients between the housings of the 

coils 53-56 will first accelerate the electrons from the 
electron source and the potential gradients between the 
housings of coils 58-61 will then decelerate the electrons 
after they pass through the ion source. 
gradients between the housings of coils 58-6i will in 
turn accelerate the ions from the ion source in such a 
manner that the beam 51 of electrons and ions being 
ejected from the tube 49 will have substantially the same 
velocity and the beam 51 will be substantially space 
charged neutralized. In order to prevent these potential 
gradients between the coil housings from breaking down 
the insulating members 33 and 41, shield members 36 
are provided above the ion source to protect the mem 
ber 33, and shield members 44 are provided below the 
ion source to protect the member 4. 
The ion source of FIG. 2 includes a hollow cathode 65, 

a hollow anode 66, and an accelerating electrode 64. Gas 
is fed to the interior of anode 66 through a feed tube 
67. The accelerating electrode 64 is connected to a 
Source of accelerating potential, not shown, of about 560 
kv. The electrodes 28, 29, 65, 66, and 64, the coils 52 
56, the coils 58-61, and the tube 49 are all in axial align 
ment on a common axis and this axis is parallel to the di 
rection of the magnetic field H. 
A refluxing arc discharge is established in the ion source 

of FIG. 2 in the same manner as set forth for FIG. 1 
above. The density of the electron stream 50 is so con 
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trolled as to provide substantially complete space charge 
neutralization of the exit beam 5.ii. It should thus be 
seen that the device of FIG. 2 will provide an energetic, 
neutralized beam of electrons and ions. The injector 
of FIG. 2 is particularly suited for the injection of two 
or more molecular ion species into plasma, neutron pro 
ducing devices. Since the beam of FIG. 2 is straight 
throughout the length of the injector, both diatomic and 
triatomic ions produced in the ion source can be injected 
simultaneously into such devices. 

It may be desirable to provide a higher density neutral 
ized plasma beam injector. This may be accomplished 
by eliminating some of the accelerating and decelerating 
stages of FIG. 2 and by using lower accelerating and de 
celerating voltages. Such a device is illustrated in FIG. 
3. An electron source tube 85 which supports an indi 
Tectly heated filament 36 is mounted in an end piate 72. 
A hollow anode 87 is spaced from the filament 86 and is 
axially aligned there with. The electron gun provides an 
electron beam 74. 
The ion source of FIG. 3 includes an annular end plate 

91 in which a hollow cathode 32 is supported, a hollow 
anode 83 to which is fed a source of gas through a feed 
tube 34, an annular end plate 92, an accelerating elec 
trode 71, and an electromagnetic coil 89 surrounding the 
cathode 32 and anode 83. An electromagnetic coil 38 
is mounted to the plate 72 and encompasses the filament 
cathode 36 and anode 87 of the electron gun. The space 
between the coil 38 and end plate 9 is encompassed by 
an annular shield member 77. An electromagnetic coil 
90 is spaced from the accelerating electrode 71 and is 
mounted on an end plate 73. The space between the 
coil 90 and the plate 92 is encompassed by an annular 
shield in ember 76. 
The coils 88, 89 and 90 provide a colimating magnetic ; 

field whose direction is indicated by the arrow H and 
whose strength is about 6000 gauss at coil centers and 
about 2000 gauss in the gaps between the coils. The 
electrodes 36, 37, 32, 83, and 71, and the coils 88, 89, 
and 90 are axially aligned on a common axis and this axis 
is paralled to the direction of the magnetic field H. 
A member 78 is affixed to the plate 72 and a member 

79 is affixed to the plate 91. These members 78 and 79 
are provided with flange portions, as shown, to provide 
openings which are connected to vacuum pumps, not 
shown. A member 80 is connected to plate 92, and a 
member 81 is connected to plate 73. These members 80 
and 31 are provided with flange portions, as shown, to 
provide openings, which are connected to vacuum pumps, 
not shown. The area within the device of FIG. 3 is 
evacuated by these pumps to a pressure of about 3x105 
mm. Hg. The plates 72 and 73 are connected to zero 
volts by means, not shown. The plates 91 and 92 are 
connected to sources of about 99.85 kv. and 100 kv., 
respectively, by means, not shown, and the accelerating 
electrode 71 is connected to a source of about 60 kv. by 
means, not shown. 
The device of FIG. 3 operates in the same manner as 

the device of FIG. 2 with the exception that much lower 
accelerating and deceleration potentials are used. The 
resultant beam 75 of electrons and ions is substantially 
completely spaced charged neutralized and has a substan 
tially higher density than that produced by the device of 
FIG. 2. By providing a high density neutral plasma, it 
will be possible to inject such a plasma across magnetic 
field lines into devices for producing high density plasmas 
for neutron production. 
A neutralized electron-ion beam may be used in a varia 

ble specific impulse system for the propulsion of space 
vehicles. Such an arrangement is illustrated in FIG. 4. 
The device of FIG. 4 is similar to that of FIG. 1 with the 
exception that a different electron gun is employed. In 
the electron gun portion of FIG. 4, a hollow cathode 98 
is mounted in a base member 97. Gas is fed from a 
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in member 97 to the interior of the cathode 98. A hol 
low anode 99 is spaced from and in axial alignment with 
the cathode 98. A D.C. source 100 of about 150 volts 
is connected between the cathode 98 and anode 99 by 
leads 01 and 102, respectively. An axial, collimating 
anagnetic field is provided for the device of FIG. 4 by 
coils, not shown, and the direction of this magnetic field 
is shown by the arrow H. A hollow reilux arc is estab 
lished between the cathode 98 and anode 99. The ion 
gun of FIG. 4 will produce an electron beam 103 of about 
3 amperes at 2.5 kv- accelerating potential. The accelera 
tion of the electrons from the electron gun is provided by 
an acceierating electrode, not shown, in a manner similar 
to that set forth for F.G. i. 

In the ion source portion of FIG. 4, a hollow tungsten 
cathode 109 is mounted in an annular end plate 105. A 
hollow carbon anode 10 is mounted to and within a 
tubular nember (08. Member 108 has flange portions 
at its respective ends. The fiange portion at one end of 
member 08 is supported by an insulating member 106 
which in turn is suported by the end plate 05. An an 
nular shield member 07 is mounted to and within mem 
ber i06. Shield member 187 closely encompasses the 
cathode 09. The flange portion at the other end of 
member 108 is attached to an annular end plate 13. 
The plate i3 is provided with an annular tungsten insert 
114. An insulated, annular electrode 115 is positioned 
just beyond the plate 13. An accelerating electrode 
16 is provided beyond the electrode 115 and is connected 

to zero potential. Gas from a source 19’ is fed through 
a tube 2 to the interior of anode 110. 
A door 104 is provided for covering the annular open 

ing in plate 105 when the electron gun is not being used. 
The electron gun and ion source of FIG. 4 are enclosed 
in any suitable enclosure. When the device of this figure 
is being used in a space vehicle, the exit end of the en 
closure is connected to regions of negligible atmosphere 
encountered in outer space so that the enclosure is thus 
evacuated to the prevailing pressure encountered in outer . 
space. if the device of FIG. 4 is to be used for other 
purposes, the enclosure may be evacuated to a pressure 
of about 3X i0 mm. Hg by pumps, not shown, in the 
same manner that FIG. 1 is evacuated. 
The electrodes 93, 99, 109, and 110 are axially aligned 

on a common axis and this axis is parallel to the direction 
of the magnetic field H. A refluxing arc discharge it 
is initiated in the ion source in the same manner as set 
forth in FIG. above. The beam 103 of electrons is 
directed through this arc discharge ij such that substan 
tially complete space charge neutralization takes place at 
all points within and beyond the ion source, to thus pro 
vide a space charge neutralized beam 117 of electrons 
and ions in the same manner as set forth for FIG. 
above. 
The amount of thrust provided by the device of FIG. 

4 is directly related to the choice of ions which are fed 
to the interior of the anode 110. With the elimination 
of space charge effects by neutralization throughout the 
entire propulsion system, ions in various mass ranges and 
energy may be utilized so as to provide a propulsion 
engine having a variable specific impulse to provide, in 
turn, for optimum thrust under various conditions. With 
conventional ion sources, the choice of the propellant ion 
is limited and is closely associated with the specific im 
pulse and space charge equations. By being able to uti 
lize a wider range of fuel materials in the device of FIG. 
4, the fuel carrying problem may be reduced since it may 
be possible to actually refuel using material collected in 
Space. 
An advantage of using certain higher mass elements 

in the device of FIG. 4, such as C, Ti, U, etc. (those 
which are condensable at room temperature), is to be 
gained due to the "pumping' by gettering that these 
propellant ions will provide in a high vacuum test facility. 

source 95, through a tube 96 and through a passageway 75 In such a facility, the lowest possible pressure is first 
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obtained by vacuum pumps. Then, by injecting selected 
ones of these propellant ions into the test facility by use 
of the device of FIG.4, the facility is further pumped 
down by the gettering action of these ions when they 
condense at room temperature. Thus, it will be possible 
to conduct a more thorough study in the laboratory of 
the basic phenomena associated with ion propulsion in 
Space. e 

Rather than using the ion plasma for direct propulsion, 
the piasma may be used to heat a separate neutral gas 
and eject the heated gas through a nozzle for achieving 
propulsion. Such a system is shown in FIG. 5. This 
would provide an engine in the lower specific impulse 
range. 

In FIG. 5 the elements 96, 97, 98, and 99 of the 
electron gun are shown, since they may or may not be 
used in the device of this figure. When they are not 
used, the door 04' is positioned over the annular open 
ing in the end plate 105", and this door is removed from 
such opening when they are used. The idange portion 
of one end of member it)8' is affixed to an annular in 
sulator 106' which, in turn, is affixed to end plate iO5. 
An annular shield 07' is affixed to and within insulator 
106". The flange portion of the other end of member 
108" is affixed to the annular end plate 113' which is 
provided with an annular insert 4''. A nozzle i8 is 
provided adjacent to the end plate 113. A hollow 
cathode 109 is mounted to end plate 105 and is axiaily 
aligned with a hollow anode 10' which is nounted to 
and within the member 308. The propellant neutral 
gas is fed from a source 120 and through a tube ii.2 
to the interior of hollow anode 19. 
A magnetic field of about 6000 gauss, average flux 

density, is provided by coils, not shown. The direction 
of this field is indicated by the arrow H and is parallel 
to the axis of the cathode 09' and anode 0'. The 
device of FIG. 5 is enclosed in any suitable enclosure 
and the enclosure is connected to the regions, of negligible 
atmosphere in space when the device is used in a space 
vehicle. A refluxing arc discharge 111' is established 
between the anode 10' and cathode 09' in the same 
manner as set forth in FIG. l. The propellant gas fed 
to the anode is heated by the arc discharge 11’ and the 
heated gas 19 is ejected from the device through the 
nozzle i.18. 
The device of FIG. 5 may be operated in the same 

manner as is the device of FIG. 4. For example, the 
door 04' is moved to the same position as the door 
104 of FIG. 4, the ion gun is then actuated the same as 
in FIG. 4, gas ions are fed to the anode 110' through the 
tube 112', and the nozzle 8 is connected to a source of 
accelerating potential the same as in FIG. 4. 

This invention has been described by way of illustra 
tion rather than limitation and it should be apparent that 
this invention is equally applicable in fields other than 
those described. 
What is claimed is: 
1. A neutralized electron-ion source comprising an 

elongated enclosure provided with axial openings at its 
respective ends, means for establishing a body of ions 
along the axis of said enclosure and to provide space 
charge neutralization therewithin, an electron gun posi 
tioned in spaced relation to one end of said enclosure, 
said electron gun including a cathode, an anode, means 
for feeding gas to the interior of said anode, a high 
voltage shield encompassing said anode and cathode and 
provided with an opening in axial alignment with said 
cathode and anode, a source of operating potential con 
nected between said anode and cathode, an electron ac 
celerating electrode spaced from and in axial alignment 
with the opening in said shield and with said anode and 
said cathode, and a source of acceleration potential con 
nected to said shield and said accelerating electrode, said 
cathode, anode and accelerating electrode being axially 
aligned with the axis of said enclosure, means for es 
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8 
tablishing a strong magnetic field having a direction 
parallel to the axis of said enciosure, said enclosure and 
electron gun being enclosed within an evacuated cham 
ber, said electron gun providing an energetic stream of 
selectrons which is directed through said body of ions 
within said enclosure, and an ion accelerating electrode 
provided with an axial opening along the axis of said 
enclosure and being positioned beyond the other end 
of said enclosure, said electron stream having sufficient 
density and energy to provide cottiplete space charge 
neutralization beyond said accelerating lectrode to thus 
provide an energetic, neutralized beam of electrons and 
ions beyond said accelerating electrode. 

2. A neutralized electron-ion source comprising an 
elongated enclosure provided with axial openings at its 
respective ends, an elongated, hollow, open-ended cath 
ode mounted in the axial opening in one end of Said en 
closure, an elongated, hollow, open-ended anode mounted 
within said enclosure and being spaced from and in axial 
alignment with said cathode, a source of feed gas, means 
for feeding gas from said source to the interior of said 
anode, means for establishing and sustaining a space 
charge neutralized, refluxing arc discharge within said 
enciosure between and within said cathode and said 
anode, means for providing a collimating magnetic field 
having a direction parallel to the axis of said cathode and 
anode, an electron gun positioned beyond and in axial 
aligment with the axial opening in said one end of said 
enclosure, said electron gun providing at energetic strean 
of electrons, means disposed between said gun and said 
cathode for accelerating said strean of electrons through 
said refluxing arc discharge, said enclosure and electron 
gun being enclosed within an evacuated chamber, and 
an ion accelerating electrode provided with an axial 
opening and being positioned beyond and in axial align 
ment with the axial opening in the other end of Said 
enclosure, said accelerating electrode withdrawing ions 
from said enclosure, said energetic stream of electrons 
having sufficient density and energy to provide an en 
crgetic, neutralized beam of electrons and ions beyond 
said accelerating electrode. 
- 3. A neutralized electron-ion source comprising an 
elongated enclosure provided with axial openings in each 
of its ends, means for establishing a body of space charged 
neutralized ions along the axis of said enclosure, an elec 
tron gun positioned beyond one end of said enclosure and 
in axial alignment with the axis of said enclosure, said elec 
tron gun providing a stream of electrons, means disposed 
between said gun and said enclosure for accelerating said 
stream of electrons through said body of ions within said 
enclosure, means for providing a uniform collimating mag 
netic field along the axis of said enclosure and said elec 
tron gun, said enclosure and electron gun being enclosed 
within an evacuated chamber, and an ion accelerating elec 
trode disposed beyond the other end of said enclosure for 
withdrawing and accelerating ions fron said enclosure, 
said electron stream having sufficient energy to pass 
through said ion acceleration electrode to thus provide an 
energetic, neutralized beam of electrons and ions beyond 
said accelerating electrode. 

4. The electron-ion source set forth in claim 3 and 
further including additional means positioned beyond said 
accelerating electrode for further accelerating the ions 
withdrawn from said enclosure, said additional means de 
celerating the energetic electrons in said electron stream 
such that the emerging electron-ion beam is neutralized 
and is provided with electrons and ions having substan 
tially the same relative velocity. 

5. The electron-ion source set forth in claim 4, where 
in the accelerating means disposed between said electron 
gun and said enclosure includes first several stages of ac 
cleration, and said additional means beyond said accelerat 
ing electrode includes second several stages of accleration 
for the ions withdrawn from said enclosure, said accelera 
tion electrode and said second Several stages also providing 
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deceleration for the electrons in said stream of electrons 
after they leave said enciosure, 

6. The electron-ion source of claim 4, wherein said ac 
celerating means disposed between said electron gun and 
said enclosure accelerate the electrons from said electron 
gun to an energy of about 99.85 kV., and said ion accel 
erating electrode and said additional means accelerating 
Said ions to an energy of about 100.kv., said ion accelera 
tion electrode and said additional means also serving as a 
means for decelerating said energetic electrons after they 
leave said enclosure. 

7. The electron-ion source of claim 5, whercin said 
first several stages of acceleration accelerate said electrons 
from said ion gun to an energy of about 599.85 kv. be 
fore they enter said enclosure, and said ion acceleration 
electrode and said second several stages of acceleration 
for Said ions accelerate said ions to an energy of about 
600 kw, 

8. A neutralized electron-ion source device for provid 
ing a variable thrust for the propulsion of a space vehicle 
comprising an elongated enclosure provided with axial 
openings in each of its ends, means for establishing a re 
fiuxing, Space charge neutralized, gas-fed arc discharge 
along the axis of and within said enclosure and in align 
ment with said openings, an electron gun positioned be 
yond one end of said enciosure and in axial alignment 
with the axis of said enclosure, said electron gun provid 
ing a stream of electrons, means for providing a collimat 
ing magnetic field, said field having a direction parallel to 
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the axis of said gun and enclosure, said gun and said en 
closure being enclosed within a chamber which is mounted 
within said vehicle, said chamber being in communication 
with regions of negligibie atmosphere which is encoun 
tered in outer space, means for accelerating electrons from 
said electron gun through said arc discharge, and an ion 
accelerating electrode positioned beyond the other end of 
said enclosure for withdrawing and accelerating ions from 
said enclosure, said electrons having sufficient density and 
energy to pass through said ion acceleration electrode to 
thus provide an ejected, energetic, neutralized beam of 
electrons and ions beyond said acceleration electrode, the 
specific thrust to said vehicle provided by said ejected 
beam being directly related to the type of selected gas fed 
to said arc discharge. 

9. The device set forth in claim 8, wherein said elec 
tron gun is disabled, a door being placed over the axial 
opening in said one end of said enclosure, said accelerat 
ing electrode being replaced by a nozzle, and the gas fed 
to said discharge is a neutral gas, whereby the said dis 
charge heat said neutral gas which is then ejected through 
said nozzle to provide a specific thrust to said vehicle as 
a function of the type of selected neutral gas fed to said 
discharge. 
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