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made by reissue. 

This invention relates to steering »of space craft pro 
pelled by a jet of gases, charged ions, or ̀ the like, by con 
trolling the direction of the reaction jet with respect to 
the axis of flight of the craft. In a preferred embodiment, 
this invention 'includes the steering of space craft by mag 
netic deformation of ionic propelling exhaust jets from 
the normal fiow thereby, using the deflected `particles to 
alter the course of the space craft. 
As a second embodiment of the invention, exhaust 

propelling jets are vdeflected in the `desir-ed steering direc 
tion `from one or more of several angularly disposed ex 
haust nozzles located at the propelling outlet of the space 
craft. 

In a further modification of the present invention, a 
`few of several symmetrically disposed jets are caused se 
lectively to operate arcuate to the space craft’s longitudi 
nal axis to control the course of the space craft in flight. 
My steering units may, as embodied in this invention, `be 
used to directionally control such space craft as manned 
and unmanned rockets, space oraft for interplanetary 
travel, rocket nose cones. and the like. 

This invention is further described in relation to the 
drawings herein: 

FIG. 1 illustrates a craft whose exhaust is divided among 
a plurality of tangentially disposed outlets; 

FIG. 2 illustrates a similar sectional view wherein a 
fan-shaped exhaust comprising a plurality of propelling 
jets, each of them individually controllable; 

FIG. 3 illustrates a »detailed modification of controlled 
jet outlet in which `a pivotal exhaust outlet is provided 
for directing the exhaust gas jet; 

FIG. 4 illustrates the detailed modification of FIG. 3 
in rpartially »deflected position; 

FIG. 5 `further illustrates the detailed directional con 
trolling means of FIG. 3 4in total detlecting position; 

FIG. 6 illustrate-s a steering embodiment of this inven 
tion las applied to ionic plasma, conducting, or polarized 
fluids; 

FIG. 7 shows >an arrangement of radially disposed mag 
nets taken as an end view of FIG. 6 while 

FIG. 8 illustrates a type of magnetic control instrument 
for activating the steering magnetic fields; 

FIG. 9 illustrates a further modification using magnetic 
steering whereby the magnets are oppositely disposed; and 

FIG. 10 illustrates a means for ̀ protecting the wall from 
the corrosive properties of the exhaust jet, using a mag« 
nel. 

Referring lirst to FlG. l, the exhaust jet entering the 
radial `manifolds 10 and 11 as shown ̀ by direction `arrows 
12 would normally pass straight through and out olf the 
space craft by exhaust 16. ‘but according to this embodi 
ment the exhaust jet may be deformed by the radial hous 
ing 14 into a circular or arcuate path and directed to one 
of the steering units. The first jet nozzle 16 contains a 
controllable valve 18 which is normally open so that the 
gas is propelled substantially in the longitudinal axis of 
the ora'ft. However, this valve 18 may be closed and one 
or more of the other valves such as 20 or 21 may be 
opened, whereby the gas will pass tangentally from out 
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lets 22 and 23 respectively. By opening either valve 20 
or 21, a torque movement is imparted to the space craft 
`about its equilibrium point; and the space craft will be 
steered in the direction of arrows 24 or 2S respectively. 
Alternately. if the valves 26 or 27 are opened, thc exhaust 
will pass through outlets 28 or 29, thereby directing the 
craft in directions indicated `by arrows 30 or 31. lf both 
valves 26 and 27 are opened simultaneously while the 
valves 16, 20 and 21 remain closed, a »retarding retro 
thrust will be imparted to the space craft, thus slowing 
the craft down. In addition, several of the nozzles may 
be used in combination for controlled flight stability of 
the craft. The valves 18.20, 21, 26 and 27 may be con 
trolled as rotary or sliding plugs actuated electrically 
through a circuit shown by wires 32, remotely connected 
to and actuated by a control instrument within the craft. 
These valves `may also be sliding armatures as solenoids, 
radially perforated, and operated within the passageways 
16, 23, 29, 22 and 28. 

In an alternate method of steering, as illustrated in FIG. 
2, the exhaust jet entering the housing 44 through inlet 46 
is divided for continuous flow exhaust through each of 
several nozzles 48, 50, 52 `and 54 which are open in nor 
mal operation for simultaneo-us emission of the exhaust 
gases as a plurality of jets. Each of these jets are con 
trolled by valves 56, 58, 60 and 62 respectively which are 
shown in the open position. These valves are also inde~ 
peudently controllable from a remote position for rota 
tion or sliding, whereby any of the outlets may be closed 
as desired for steering. Thus the closure of valves 60 
and 62 terminating the exhaustion through nozzles 52 and 
54 causes jets 48 and 50 to unbalance the exhaust nozzle 
propulsion and to direct the space craft accordingly. 

ln the device shown in FIG. 3, the exhaust jet entering 
passageway l2 is intercepted and guided by a `pivotally 
mounted nozzle 34 upon a pivot 36. The inlet «passage 
way 12, in the exhaust housing 10, flares arcuately into 
a cup-shaped flange 38 against which the inner pivotal 
end 40 of the pivot 36 is supported in a pair of ear-shaped 
brackets 42, each extending from a peripheral edge 64 of 
the arcuate exhaust ñange 38. The nozzle 34 has an up 
per 66 and lower 68 arcuately curved surface. The noz 
zle further has a tapered bore comprising outlet 70. In 
operation for normal flight, the nozzle passageway 70 is 
pivot‘ally `placed coaxial with the exhaust outlet l2. When 
it is desired to effect a steering of the craft. the nozzle 34 
is moved arcuately on its pivot so that the inner and slid 
ing contact with the flange 38 partially interrupts the gas 
ñow as shown in FIG. 2 with a portion lof the gas pass 
ing through nozzle 12 `being emitted along the outer ar 
cuate surface 66, and the rest of the gas passing through 
the now rotated nozzle 70. Both beams of gas are emitted 
angular to the housing l() with a corresponding change 
of direction of the space craft integral therewith. Of 
course, if the nozzle 34 were deflected arcuately even a 
greater distance, all the gas emitted through nozzle would 
impinge upon the outer surface `of the arcuate surface 66 
or the nozzle 34 deflecting the gas in greater volume and 
to a greater angle for a radical turning torque. While the 
nozzle 34 is pivoted by gear 36 for swinging movement 
in one place, the plane itself can be rotated `by the flange 
portion 38 being joined rotatably to the housings 10 and 
72 and a ring gear mounted with a spur gear 76 driven by 
a motor 78. The gears 36 and 76 may be mounted for 
driving rotation to any `plane desired, [therely] thereby 
giving universal steering central to the space craft. 
FIG. 6 illustrates `an alternate modification, useful pri 

marily where the propulsion medium is 'an ionized plasma, 
formed preferably as described in my copending applica 
tion, Ser. No. 39,392, filed June 28, 1961, where the ion 
containing gas formed in a plasma bottle shown ns 80, 
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enters the nozzle outlet 12 for emission from the rocket 
as a propulsive jet. As tlie ionized jet stream leaves the 
nozzle. it may not be subjected to steering forces and it 
will therefore have no steering elïect upon the exhaust 
housing 10 or space lcralt integral therewith. Conse 
quently. the propulsion will be in a straight line as shown 
by thc directional pointer. The housing l0, however, car 
ries a series of magnets 82, energied electrically at will 
through lines 84. As shown in FIG. 7, these magnets 82 
are supported in an annular ring by a ñange 86, integral 
with the housing 10. The magnets preferably are in op 
posite north and south pole pairs 82, 82h, 82e, etc. These 
pairs of magnets, as shown in FIG. 8. may be separately 
energied as alternate contact in a rotary switch box S8 
having a dial 90 which may be rotated to a desired mag 
netic contact position for alternately energizing pairs of 
magnets 32a, 82h, etc. The ionic particles of the jet will 
tend to be moved at right angles to the applied magnetic 
field. In operation it'. for example, 82a magnets were 
magnetically’ energized, thc jet of ionized gas emitted 
through nozzle 12 will become deñected according to mag 
netic attraction-repulsion theo-ry, toward one and away 
from the other, `depending upon whether the ionic charge 
upon the gas is positive or negative. The effect, then 
would be to eject the outlet beam of gas between the pair 
of magnetic poles with subsequent steering effect iby thc 
magnetic field upon the housing 10 and the space craft 
integral therewith. Of course, the arrangement of elec 
trical contacts in switching box 88 is such that the polar 
ity between magnets 82a is reversed with the consequent 
reversal of the force effect upon the emitted ionic gas 
iet and the direction in which its beam is charged with a 
consequential reversal of the direction of the steering of 
the craft. For this purpose. of course, the 82a~82c wires 
may continue in a continuous series. For instance, be 
fore the magnets 82a would be reversed. magnets 82h 
would be first activated in the same direction. [the] than 
Sib; 82e contacted again but in reverse direction, then 
SZa, but in the reverse direction, etc. A consequence is 
that full dirigibiiity is available through application of 
paired magnets in thc entire 360° cycle. 

lt is possible in an alternate iprocedure as shown in 
l'flG. 9 to have the magnetic segments 92 mounted in op 
posite sides of a rotary magnet carried in an annular hous 
ing 94 supported by flange 96 attached to the housing 10 
for rotation through bearings disposed in an annular 
groove 98. The outside of the housing may have a spur 
ring gear which meshes with a spur gear 102 for driving 
rotation by a motor 104 mounted upon the bracket 96. 
1n this manner the magnetic segments 92 `may be rotated 
to any desired position by actuation of the motor 104 
with consequent application of the magnetic forces in any 
plane. This magnetic type of steering may be applied not 
only to the plasma, but to any polarized gas or gas seeded 
with ions responsive to a magnetic field. 

Magnets may be mounted protectively, as well as for 
steering, at various places of an exhaust passageway non 
mally carrying gaseous ions. For instance, as shown in 
detailed FIG. 10, a pair of magnets ì06 are shown which 
serve primarily to protect the outlet against the excessive 
'temperature of an ionized gas and other corrosive char 
acteristics. Similar protective magnets 108, as shown in 
FIG. 2, may be mounted at various places to repel such 
points `protecting them `from excessive heat. 

Various modifications within the description given may 
be made by those skilled in the art and, accordingly, the 
description given is intended to be arbitrary and not limit 
ing except as delìned in claims as appended hereto. 

I claim: 
l. In a means for steering a jet propelled device, corn 

prising elongated annular walls, a main outlet jet coaxial 
with the body of said device to pass a propelling gas out 
wardly coaxial with the direction of movement of said 
device. means in said device for ionizing propellant gases 
passed therethrough as a jet, magnetic means for concen« 
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4 
trating the ionized gas centrally of said device inward 
from the annular confining walls thereof, magnetic means 
for diverting the axial direction of flow of the concen 
trated jet as it is propulsively emitted from said device, 
and means for varying the direction of said magnetic 
field to effect steering of said device. 

2. The combination of a jet propelled device and a 
means for steering said device, comprising means in said 
device for producing a concentrated beam of ionized ̀ pro 
pellant gases, a main outlet in said device through which 
said concentrated beam passes, said main outlet having 
a diameter substantially enlarged with respect to the con 
centrated I‘beam of ions passing therethrough, magnetic 
means mounted near said main outlet for producing a 
magnetic field. diverting the axial direction of flow of the 
said concentrated beam of ions as it is emitted from said 
outlet, and means for varying the direction of said mag 
netic .Field whereby to effect steering of said device respon 
sive to said variation of said magnetic field. 

3. The device as defined in claim 2 `wherein the mag 
netic means comprises a series of radially disposed mag 
nets selectively energizable as polar pairs at a selected ra 
dial angle with respect to said jet. 

4. The device as defined in claim 2 wherein the jet coim~ 
prises an ionic plasma. 

5. Device as defined in claim 2 wherein the magnetic 
means comprise opposite polar elements rotatably mounted 
about said jet and means ̀ for rotating said magnets to pro 
vide a magnetic field about said jet at any preselected angle 
for the diversion of said jet for consequent steering effect 
thereof. 

6. In n je! propeller! space t'rafl, a wall means inc/url 
i'ni; n main vnr/e( for conveying and dii-charging propel» 
lfmt grises axially of said space Craft, means for produc 
ing cz beam of ionized propellant gases, means' for can 
centrntíng said propellant gases inward from said iva/l 
means, and means for varying the axial direction of flow 
of the concentrated ionized propellant beam as il is emitted 
from said outlet for steering said space Craft. 

7. T/ie method of steering n jr! propelled .rpm-1’ craft 
having a wall including n main. outlet comprising pasting.' 
a Concentrated ionized beam inward from .raid wall through 
Said Outlei, and varying the axial direction of flow of .mid 
ionized propellant beam as it is emitted Ilimugli .raid out 
li): to effect steering of said space craft. 
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