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The present invention relates to the magnetohydro 
dynamic art and more particularly to a high-specific 
impulse engine suitable for space operation. 

Magnetohydrodynamic prior art includes several pro 
posed ionic thrust devices arranged to accelerate ions to 
high velocities suitable for space vehicle propulsion. 
Although, with presently available power supplies, the 
thrust of such engines is relatively small, their efficiency 
is extremely high in proportion to the fuel mass consumed 
and the thrust is suñicient to accelerate vehicles from 
orbital to deep space velocities. Specific impulses of the 
order of 10,000 seconds are contemplated. In one type 
of prior art arrangement, specific-impulse engines have 
admitted thereto ionizable or ionized material through 
numerous apertures around the periphery of the engine 
chamber. This approach results in several problems in 
cluding non-uniformity of the ejected mass whereby the 
thrust obtainable is relatively undeterminable, and the 
overall system has less than maximum thrust and 
efficiency. 

It is, therefore, an object of our invention to provide 
a new and improved specific-impulse space engine. 

According to one embodiment of the present invention 
a light-gas propulsion fuel is admitted into a thrust cham 
ber continuously from a central porous emitter.` The 
emitter is arranged to allow the gas to diffuse through 
a central electrode into the engine chamber, as soon as 
the density within the engine chamber reaches approxi 
mately 101° particles per cubic centimeter the system is 
ionized and pulsed (or swept) by a magnetic field in the 
manner of operation of wave propagation through a co 
axial cable. The speed _of the sweeping magnetic field 
is of the order of 105 meters per second, and, when using 
light-gases such as hydrogen, or deuterium, substantially 
all of the ions ñow from the engine at this velocity. 
The subject matter which is regarded as this invention 

is particularly pointed out and distinctly claimed in the 
concluding portion of this specification. The invention, 
however, as to its organization and operation, together 
with further objects and advantages thereof, will best be 
understood by reference to the following description taken 
in connection with the accompanying drawing in which: 

FIG. 1 is `a partially schematic side sectional view of 
an engine component illustrating one embodiment of the 
present invention; 

FIG. 2 is a modiiication of the embodiment shown in 
FIG. 1; and 

FIG. 3 is a schematic view of an engine utilizing sev 
eral of the engine components of FIG. 1. 

Referring now to the drawing wherein like numbers 
refer to similar parts, in FIG. 1 a cylindrical engine 
chamber or driving section is substantially enclosed 
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around its lateral surface and one end by a housing 10. ` 
A power supply 11 energizes a field or pulse coil 12 to 
generate a sweeping magnetic field 13 that passes from 
the closed end to the open end of the housing 10 to 
ionize and sweep any gas particles 14 through the engine 
exhaust port 16. The selection of the most appropriate 
mode of operation of the sweeping lield 13 depends on 
many considerations known in the art of wave guides 
and coaxial cables. One preferable mode that can be 
utilized is a TM wave-which is a transverse _magnetic 
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2 
wave having no component of its magnetic force in the 
direction of translation of the wave along the wave guide. 
In order that the sweeping field 13 be most effective, the 
frequency of sweep is a function of the rate at which a 
leak tube 18 is ñlled. 
A major problem in this particular art is the attaining 

of a desired uniform gas density within the housing 10. 
As shown, a gas diffusing means illustrated as the hollow 
cylindrical palladium or nickel “leak” tube 18 passes 
through the center of the housing 10 and receives a light 
ionizable gas such as hydrogen or deuterium from a gas 
supply tank 19 at its input end 20. In order to allow the 
gas to diiîuse into the propulsion chamber, the leak tube 
18 is maintained at an elevated temperature of the order 
of 400° C. As illustrated, the leak tube 18 is heated by 
a convenient means such as a coiled heater filament 22. 

Additionally, the wall of the tube 18 can be partially 
ñlled with ferrite or doped with ferrite materials both to 
improve the configuration of the sweeping field 13 and 
to allow inductive heating of the leak tube 18. As is 
well known, the addition of a ferro-magnetic material to 
the palladium or nickel tube greatly increases its per 
meability so that the wave form across the chamber to 
wards the center electrode is more nearly perpendicular 
to the electrode. _In fact, it is preferred that the power` 
operating mode of the engine be so predetermined that 
a major portion of the heating, after “initial energiza 
tion” be accomplished by the energy of the sweeping mag 
netic field 13. Usually a leak tube 18 of this type has a 
wall thickness of the order of ten mils. 

In a system wherein the inner diameter of the chamber 
within the housing 10 is of the order of ten centimeters, 
the leak tube 18 has a diameter of the order of one 
centimeter. Thus the surface area of the leak tube 18 
is a predetermined function of the volume to be filled. 
In this particular embodiment, the input pressure of the 
fuel gas supplied from the tank 19 may be regulated to 
be of the order of a few pounds per square inch so that 
the gas will ñow from the leak tube 18 to the outer sur 
face in a period of about thirty microseconds. Such 
rapid ñow of the gas is accomplished primarily because 
the flow is from a substantial pressure into an almost 
complete vacuum. The average velocity of the gas ñow 
through the evacuated chamber from the leak tube 18 is 
about four times sonic velocity for the conditions specified 
herein. With this velocity, the sweeping field 13 is uti 
lized once each thirty microseconds to prevent interaction 
between gas particles. 

Because of the fact that in the present invention the ' 
housing 10 is operated to be swept clean each time gas 
particles first reach the inner surface of the housing 10, 
there is a minimum interaction between individual par 
ticles, and minimum inherent longitudinal velocity of 
the gas. Moreover, the pressure (or gas density) is con 
trolled by the rate of leak of gas from the leak tube 18. 
By controlling the pressure and temperature of the leak 
tube 18 the rate of leak of gas is maintained at a level 
which will provide a particle density of about 1018 par 
ticles per cubic centimeter. a 

In an apparatus of this type some diñ‘iculty could be 
encountered in attaining a predetermined equilibrium 
temperature of the system. This problem arises for the 
reason that the rate of the escape of the gas out of the 
leak tube is a function of the tube’s temperature, the tube’s 
temperature in turn is a function of the energy of the 
ionizing electro-magnetic wave which in turn increases 
upon the increase of the gas density within the plasma 
chamber. Thus can be seen that there is in effect a chain 
reaction among the components whereby when more 
heat is generated more gas is released which in turn in 
creases the energy of the wave, which in turn increases 
the temperature of the leak tube and so on. Such cumu 
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lative operation is controllable by several rather simple 
expedients. In a most direct approach, we can provide 
for heat exchange cooling of the leak tube 18. However, 
in a somewhat simpler approach, we prefer to limit the 
power available to the field winding 12. Although-a 
direct power limit is feasible, we presently prefer to limit 
the frequency of the pulses as a function of the tempera 
ture of the leak tube 18. In order to accomplish this 
frequency control, a thermocouple 24 senses the tempera 
ture of the leak tube 18 and provides a signal to limit 
the frequency of pulses from the power supply 11 by any 
conventional means as well as to control the energization 
of the filament 22. By limiting the rate of the sweeping  
field 13 the interaction of the gas particles effectively 
reduces the leak rate and thus limits the overall energy 
expended by the power supply in driving the sweeping 
field 13. 

Sweeping of ions at the high velocity contemplated re 
sults in the substantial energy transfer. In fact, the 
temperature in the region of the sweeping field 13 is of 
the order of 50,000° K. Such a temperature assures 
that all particles are ionized. However, if the engine is 
operating substantially continuously the average tempera 
ture within the housing 10 will be of the order of 1,000° C. 
During such operating conditions it will be desirable to 
cool the palladium leak tube 18, a major portion of which 
is accomplished automatically by the admission of cool 
gas to the inner surfaces thereof. This cool gas receives 
substantial heat energy during its migration through the 
porous walls of the leak tube 18. In the event it is 
deemed necessary to operate engines at maximum load 
for extended periods, it is preferred to admit extremely 
cold, and in certain arrangements, liquified gas into the 
leak tube 18. 
When an engine of approximately ten centimeters diam 

eter is operated continuously with one pulse during every 
thirty microseconds and with the engine chamber ap 
proximately one meter long, the thrust will be of the 
order of five milligrams per pulse. Additional thrust is 
obtainable, usually at some loss in efficiency, by injecting 
into the system, downstream of the driver section, heavier 
atoms of various types. 

Since the thrust is accomplished by wave propagation, 
the principles applicable to waveguides couplings and 
coaxial cable couplings will define the particular contig 
urations which are most efficient for admitting foreign 
matter. In FIG. 2 we have shown schematically one 
arrangement for admitting such heavier atoms where the 
driver section of the housing 10 is extended in length by 
the concentric arrangement therewith of cylindrical mem 
ber 27. At the juncture of housing 10 and cylinder 27 
there extends at right angles a stub hollow cylinder 26 
connecting with the interior of the rest of the assembly. 
The stub member 26 is so designed to minimize trans 
mission losses by matching impedance phenomena well 
known in this art. 
A wide range of materials may be injected into the hot 

plasma downstream of the driver section 10 such as 
waste products, contamination from exhausted fuel tanks 
and the like, excess cooling fluids, thrust vector control 
fluids, etc. If the injected matter may be easily ionized a 
sweeping magnetic field may be arranged to exert ac 
celerating forces directly on it by energizing coil 28 (FIG. 
2). However, usually the primary accelerating forces 
on heavy atoms will be due to the bombardment thereon 
by already accelerated fuel ions. 

Referring now to FIG. 3, we have shown a space engine 
constructed of three driving sections 12a, 12b and 12e 
similar to that illustrated in FIG. l. The sections are 
combined with a housing 10' arranged with unrestricted 
flow communication therebetween. In order to pulse 
these driving sections, we have provided these three 
sweeping ñeld pulse coils 12a, 12b and 12C. If the over 
all length of the housing 10' is made three meters, a 
sweeping voltage may be provided by a three-phase 
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power system so that the sweeping field 13 is continuously 
traversing one of the driving sections of the engine. Ex 
cept for the use of a three-phase power source, as indi 
cated at 29, the operation of the engine shown in FIG. 
3 is substantially the same as that shown in FIG. l. 
While we have shown and described particular embodi 

ments of the present invention, further modifications may 
occur to those skilled in this art. We desire it understood, 
therefore, that our invention is not limited to the par- e 
ticular form shown, and we intend by the appended claims 
to cover all such modifications which do not depart from 
the true spirit and scope of our invention. 
What is claimed is: 
1. A plasma generator and accelerator comprising: 
elongated housing means having an unrestricted ex 

haust port at one end thereof; 
an elongated leak tube arranged around the central axis 

of said housing, said leak tube being of a cross-see 
tional area of the order of V100 of the cross-sectional 
area of said housing; 

means for maintaining a supply of ionizable fluid par 
ticles of fuel within said leak tube; 

means for controlling the temperature of the leak tube 
at an elevated level to enhance leakage therethrough 
of the fuel at a rate creating within said housing a 
density of the order of 101° particles per cubic cen 
timeter with substantially no reflection from the 
inner surface of said housing; and 

means for sequentially propagating electromagnetic 
sweeping magnetic ñeld from the closed end of said 
housing to the port thereof, with the rate of propa 
gation of the sweeping field being of the order of 105 
meters per second and with the energy of the sweep 
ing field being sufficient to assure ionization of sub 
stantially all fuel particles. 

2. A plasma generator and accelerator comprising: 
elongated cylindrical housing means having an un 

restricted exhaust port at one end thereof; 
an elongated leak tube within said housing arranged 

around the longitudinal axis of the housing; 
means for maintaining a pressurized fuel gas in said 

leak tube; 
means for heating said leak tube to enhance leakage 

therethrough of gas particles at a rate creating with 
in the housing a density of the order of 10lo par 
ticles per cubic centimeter; 

means for repeatedly propagating an electromagnetic 
wave from the closed end of said housing to the 
port, with the rate of propagation of the sweeping 
magnetic field being of the order of 105 meters per 
second and with the energy of the sweeping ñeld be 
ing sufficient to assure ionization of substantially all 
fuel particles; and means for controlling the tempera 
ture of said leak tube. 

3. A plasma generator and accelerator comprising: 
elongated housing means having an unrestricted ex 

haust port at one end thereof; 
an elongated leak tube arranged along the major axis 

of said housing, said leak tube being of a cross 
sectional area of the order of V100 of the cross 
sectional area of said housing; 

means for maintaining a supply of ionizable gas par 
ticles within said leak tube; 

means for controlling the temperature of the leak tube 
at an elevated level to enhance leakage therethrough 
of the gas at a rate creating within said housing a 
density of the order of 1015 particles per cubic cen 
timeter with substantially no reflection from the in 
ner surface of said housing; and 

means for pulsing an electromagnetic sweeping mag 
netic ñeld from the closed end of said housing to 
the port thereof, with the rate of propagation of 
the sweeping field being of the order of 10‘5 meters 
per second and with the energy of the sweeping field 
being sutiicient to assure ionization of substantially 
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all fuel particles, said leak tube containing ferrite 
particles for shaping the sweeping field. 

4. A plasma generator and accelerator comprising: 
elongated cylindrical housing means having an un 

restricted exhaust port at only one end thereof; 
an elongated leak tube within said housing and ar 

ranged around the longitudinal axis thereof; 
means for maintaining a pressurized light-gas fuel in 

said leak tube; 
means for heating said leak tube to enhance leakage 

therethrough of gas particles at a rate creating with 
in the housing a density of the order of 10le particles 
per cubic centimeter; 

means for repeatedly propagating an electromagnetic 
wave from the closed end of said housing to the port, 
with the rate of propagation of the sweeping mag 
netic field being of the order of 105 meters per sec 
ond and with the energy of the sweeping field being 
sufficient to assure ionization of substantialy all fuel 
particles; and 

impedance matched means for inserting particles 
heavier than the light-gas fuel into the accelerated 
ion flow downstream of the port. 

5. A space engine comprising: 
an elongated cylindrical driving section having an un 

restricted exhaust port at only one end thereof; 
an elongated leak tube within said section and arranged 

around the longitudinal axis thereof; 
means for maintaining a pressurized light-gas fuel in 

said leak tube; 
means for controlling the temperature of said leak tube 

to control the rate of leakage of gas therethrough; 
pulse coil means for propagating an electromagnetic 
wave from the closed end of said section to the port 
with energy sufficient to assure ionization of sub 
stantially all fuel particles in said section; and 

impedance matched means coupled downstream of 
said section for inserting particles heavier than the 
light-gas fuel into the accelerated ion ñow to in 
crease the thrust per pulse. 

6. A space engine comprising: 
an elongated cylindrical driving section having an un 

restricted exhaust port at one end thereof; 
an elongated leak tube centrally within said section, said 

leak tube containing a light-gas fuel; 
means for controlling the temperature of said leak tube 

to control the rate of leakage of gas therethrough; 
and 

pulse coil means for propagating an electromagnetic 
wave from the closed end of said section to the 
port with energy sufiicient to assure ionization of 
substantially all fuel particles in said section. 

7. A plasma generator and accelerator comprising: 
a plurality of elongated driving sections being aligned 

in unrestricted flow communication with each other 
and having an unrestricted exhaust port at one end 
thereof; 

an elongated leak tube arranged along the major axis of 
said plurality of sections, said leak tube being of a 
cross-sectional area of the order of $400 of the cross 
sectional area of said sections; 

means for maintaining a supply of ionizable particles 
of fuel throughout said leak tube; 

means for controlling the temperature of the leak tube 
to regulate leakage therethrough; and 

-sequentially operable pulse coil means for propagating 
an electromagnetic sweeping magnetic field through 
each of said sections toward the port, with the rate 
of propagation of the sweeping field being of the 
order of 105 meters per second and continuous 
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6 
throughout all of said sections and with the energy 
of the sweeping field being sufiicient to assure ioniza 
tion of substantially all fuel particles, said leak tube 
îìoîitaining ferrite particles for shaping the sweeping 
e d. , 

8. A space engine comprising: 
a plurality of elongated driving sections aligned to 

provide unrestricted flow communication therebe 
tween and having an unrestricted exhaust port at one 
end thereof; 

an elongated leak tube arranged along the major axis 
of said plurality of sections; . 

means for maintaining a supply of ionizable gas fuel 
throughout said leak tube; 

sequentially operable pulse coil means for propagating 
an electromagnetic sweeping magnetic field through 
each of said sections toward the port, which sweep 
ing field is substantially continuous throughout all 
of said sections and with the energy of the sweep 
ing field being sufiicient to assure ionization of sub 
stantially all fuel particles; and 

impedance matched means coupled downstream of the 
port for inserting particles heavier than the gas fuel 
particles into the accelerated ion fiow. 

9. A plasma accelerator comprising: 
an elongated driving section having an exhaust port at 

one end thereof; 
an elongated leak tube centrally located within the 

driving section, the periphery of said leak tube hav 
ing a porosity sufficient to provide for the escape 
therethrough of an ionizable gas fuel whereby the 
fuel is uniformly supplied to the driving section along 
substantially its full length; 

a supply of fuel communicating with the leak tube; and, 
pulse coil means propagating an electromagnetic 

field sequentially sweeping the length of the driving 
section, the energy of said field being sufficient to 
ionize substantially all the fuel within the driving 
section and to accelerate and expel the ionized fuel 
through the exhaust port. 

l0. A plasma generator and accelerator comprising: 
l a driving section having an exhaust port; 
leak tube centrally located within the driving section, 

the walls of said leak tube having a porosity sufficient 
to provide for the escape therethrough of an ion 
izable gas fuel whereby the fuel is uniformly sup 
plied throughout the driving section; 

a supply of fuel communicating with the leak tube; 
and 

pulse coil means propagating an electromagnetic 
field sequentially sweeping the driving section, the 
energy of said field being sufficient to ionize sub 
stantially all the fuel within the driving section and 
to accelerate and expel the ionized fuel through the 
exhaust port. 
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