WO 2005/027142 PCT/AT2004/000313 Method and device for generating Alfven waves The invention
relates to a method for the generation of Alfven waves, with material which can be ionized being 5
produced, which passes through a magnetic field. The invention also relates to a device for the
generation of Alfy@nwase draving a device for production of materiatwinateoaa pe daszed, having a
10 magnetic nozzle, which is formed from at least one device for generation of a magnetic primary
field and a coil for generation of a magnetic secondary field, and a channel for guiding the material
which can be ionized thrqughthe tnagpsficfields, ,andelectical supply 15 devices; Finally, the
invention relates to a motor for a vehicle using a device as mentioned above for generation of Alfven
waves. 20 Alfven waves are magnetohydrodynamic waves which were named after the Swedish
Physicist Hannesh®lof Gostd 1 Alfvere feic whichcheawas alveddddthetNeb el Rrizeafor Ehysics in 1970.
Altflver? waves ar%ﬂgwifeqkfa& yvaxvﬁ@@}eri&@l@ﬂr;mllwma@hu?ﬁiaa ligeids @]fl m@@ﬂll I]t?vﬂéqdqglasma

which are cause the change. in the intensity or geometry of a magnetic field. Alfven waves
propagate a1 a MASVER Y. (b 2b-STEa e aToehy” AN AHaur wab T4 tHe wave propagaton of
a disturbance in 30 the magnetic field. In a vacuum, an Alfven wave propagates at the speed of light
in a vacuum. Whee thei magneticrielduihteracts avithca saterial whichanibe iorfized, fahexample a
plasma, the Alfv(fgnvee}%céyoiﬁ goyernegh by the mg,%glggr,\sity}%(\pm!;]ge density of the 35-dielectric

medium. Alfven waves can transport mass, and thus energy and impulse as well, by the interaction of

material with théRfghetic fiRld Eortiass transpdit SUcHas thie sd-caréd Atfvetfiimit plags a role,
WO 20051027142 BCIYAT2004000813 which is formed from at least one

device for generation of a magnetic primary field and a

coll for generation of a magnetic secondary field, and
a channel for guiding the material which can be ionized
through the magnetic fields, and electrical supply

15 devices.

Finally, the invention relates to a motor for a vehicle
using a device as mentioned above for generation of
Alfvén waves.
20
Alfvén waves are magnetohydrodynamic waves which were
named after the Swedish Physicist Hannes Olof Go&sta
Alfvén, for which he was awarded the Nobel Prize for
physics in 1970. Alfvén waves are low-frequency waves
25 in electrically conductive ligquids or magnetized plasma
which are caused by the change 1in the intensity or
geometry of a magnetic field. Alfvén waves propagate at
a finite wvelocity, the so-called Alfvén velocity. An
Alfvén wave i1s the wave propagation of a disturbance in
30 the magnetic field. In a wvacuum, an Alfvén wave
propagates at the speed of light in a vacuum. When the
magnetic field interacts with a material which can be
ionized, for example a plasma, the Alfvén velocity is
governed by the mass density or charge density of the
35 dielectric medium. Alfvén waves can transport mass, and
thus energy and impulse as well, by the interaction of
material with the magnetic field. For mass transport

such as this, so-called Alfvén limit plays a role,



- 2 within which the field strength must be greater than the kinetic energy of the material to be
transported. The effect of material transport by Alfven waves was verified for the first time in the
atmosphere of exotic 5 stars by spectroscopic means, and later in laboratory experiments. Alfven

waves are preseid oS gallyzingdasma in space and result from thegmtgrarziooapeesn anagnetic
fields 10 and currents flowing in them. Typically, Alfven waves occur at a low frequency in magnetized

conductive media, such as stellar atmospheres. The‘waves not only transport electromagnetic energy
but also include ipfermation abgutithe changes intheplasma gireents, 45 and inthe topplegy of the

magnetic field associated with them. Since Hannes Avaeng)roposed this princ%%le of electromagnetic

transmission in 1852, T8 Tohtepts Hale awoksR theinterdstor réseatthels: TheRConcept of a
compression walke insiifiely theadensigtand field R0xuspgti vary, ahd Tveé corcepeef avstiear wave, in

which only the djteetion ofithesmagneticfield s changed. the dyramissiof Adfver shearwaves are of
particular irgeresttin the %olar regiqcns of the Earth, since the Alfven waves I{Jrqbaaéa%g@gra role in the
y

25 creation of aurora T‘lght.yFuS er details ¢an be found’in ?ﬁléj pu %Egﬁonls ‘The Sics of Alfven

Waves", Neil Fe&RfHer ¥y Publishing 2001, ISBN: 3-527-40293-4 and "Aktive Sterne”, Klaus G.
Strassmeier, Springer Verlag 1997, ISBN: 3-211-83005. 30 So far, Alfven waves have been used only

for methods relating to use in.fusiopeactors. By way of example. ;1S 4,661,304 disgloses the

generation of Alfven waves with the aid of a resonant coil mechanism in order to 35 generate super
resonant cyclot@idreduenties in A iusivh reakfor & simnilal e GiT Bagded@ B alpluratifyt OF coils

arranged ia circutar shapeirterdéitoning in them. Typically, Alfvén waves
occur at a low frequency 1in magnetized conductive
media, such as stellar atmospheres. The waves not only
transport electromagnetic energy but also include
information about the changes in the plasma currents
15 and in the topology of the magnetic field associated
with them. Since Hannes Alfvén proposed this principle
of electromagnetic transmission in 1942, two concepts
have awoken the interest of researchers. The concept of
a compression wave, 1in which the density and field
20 strength wvary, and the concept of a shear wave, in
which only the direction of the magnetic field 1is
changed. The dynamics of Alfvén shear waves are of
particular interest in the polar regions of the FEarth,
since the Alfvén waves probably play a role in the
25 creation of aurora light. Further details can be found
in the publications "The Physics of Alfvén Waves", Neil
F. Cramer, Wiley Publishing 2001, ISBN: 3-527-40293-4
and "Aktive Sterne", Klaus G. Strassmeier, Springer
Verlag 1997, ISBN: 3-211-83005.
30
So far, Alfvén waves have been used only for methods
relating to use in fusion reactors. By way of example,
US 4 661 304 discloses the generation of Alfvén waves
with the aid of a resonant coil mechanism in order to
35 generate super resonant cyclotron frequencies 1in a
fusion reactor. A similar design based on a plurality
of coils arranged in a circular shape 1in order to

achieve high temperatures 1in a fusion reactor 1is



achieve high temperatures in a fusion reactor is WO 2005/027142 PCT/AT2004/000313 3 described
in Russian Patent Specification SU 1 485 436. In the applications so far, the energy has been
transported by means of Alfven waves. Direct use of mass transport by means of Alfven waves has

not 5 occurred iRdhiz@as¢ aga aso H. Alfven, "Spacecraft PropulsipoTXer2ldledymsd31 Science_,
Vol. 176, pages 167-168, April 14, 1972). The use of Alfven waves for propulsion of vehicles, in 10
particular spacecraft, has not yet been proposed. Two principles are currently being used as electrical

reaction propulsiQn for Mebigles, insparticylar sspaceeralt, but theirysefulness is resteictedsowing to the
relatively high power re%uired because of the mass 15 of external energfxr sources. The energy

contained in the' fuel Tl cheRIGAT proputsidiy syst8msfidst be Sipplicd =k an'8kternal eRergy
source in the caseafsglectried! prapulsiorsystes 2Rdrittermoiey efectré-imagiietic propalsion
systems are useg despiterthedpah 20 mass efdhe elecirical gneygnstorage-medivm, Inthe case of
electrical p(;é)pulgiggusystec[ns, th%il;]c})f cor%gonent of a asowiﬂ'gh' lefx\g:étrt%d in, warious ways is

[

r 1. C S see S . ceCr
accelerated by means of electrical fields. ecatjse of the physical separation Efween the electrodes

by which 25 thefaceBlefatici path 17 défimedomiiltiplied By e €foss séetion df the emisEfoh beam,
only low thrust densities are\pessibleayith accepiable energy potential differences, and this governs
the efficiency. Since only positively charged ions are emitted in this case 30 and are subsequently
neutralized downstream from the_motor by means of an external electron source in order to prevent

static potential, tHese &6 rétérréd 188 i8R Yistors® 35 Y e dase®sr magnetic propdisioh systems, in
contrast, the magnetic ¢relchis used onlyrasa staties not yet been proposed. Two

principles are currently being used as electrical
reaction propulsion for vehicles, in particular
spacecraft, but their usefulness is restricted owing to
the relatively high power required because of the mass
15 of external energy sources. The energy contained in the
fuel in chemical propulsion systems must be supplied
from an external energy source 1in the —case of
electrical propulsion systems. Furthermore, electro-
magnetic propulsion systems are used despite the high
20 mass of the electrical energy storage medium. In the
case of electrical propulsion systems, the ion
component of a gas which is excited in various ways 1is
accelerated by means of electrical fields. Because of
the physical separation between the electrodes by which
25 the acceleration path 1is defined, multiplied by the
cross section of the emission beam, only low thrust
densities are possible with acceptable energy potential
differences, and this governs the efficiency. Since
only positively charged ions are emitted in this case
30 and are subsequently neutralized downstream from the
motor by means of an external electron source in order
to prevent static potential, these are referred to as

ion motors.

35 In the case of magnetic propulsion systems, in
contrast, the magnetic field is used only as a static
nozzle with hot walls. Particles that are bound in the

field interact with one another on the basis of their



nozzle with hot walls. Particles that are bound in the field interact with one another on the basis of
their WO 2005/027142 PCT/AT2004/000313 - 4 Larmor frequency. The falling gradient of the field
strength, which results from the grading, likewise results in binding forces which become smaller, as a

result of which tive paotide9areLipglastically 5 scattered from the borplimy torthedieid atigna-th order
impacts, and are pressed out of the field, which is in the form of a nozzle, by the thermodynamic
pressure. 10 In general, the plasma to be expanded ffom the field is thermally excited by means of an

arc. The difference ffom P e rs ispaindy, that,{he plasmatemperatugg,is netrestyicted by
the thermal load ca:gacit of the nozzle walls. The additional 15 interactijon of the plasma with the

generally static HelFF57ESs is iKthis tastoFseedndary fhportince? ‘OWing%o the HyREMTSs of a
thermally excitedptasima in1a ntagnetio field oplasma wiotors abe tscalstneideed taras @

m%%nehop(;asmaﬂagamc pr@@ortiaiwiésiemwg”lvl%b%@ ﬂ]gcnlges. ;'@QgiothMEQs@Q(%i can be
subdivided into two groups, specifically, into self-induced field an ternally-induced field motors. In
the case of\%s.elf-siﬁauc(-:-edr %gd %%?on}s, heefief?jo&%g (?"nanér?etig%n(e)zz%(;(l ?slfﬁdu%]ggebry th%_fl%%h
discharge curreRt6fthe BFE X5 that B8 say theté $$ aFhadghiet batnd e6il. fi tHel cayd 6£h
externally-induced fieleh mataes, atlafiihe odischargeceirient isiseddaeheatirg;nsingatheifield of the
magnetic nozzl%greosdgggg by a coil is in fact formed by an external field. 30 A magnetic plasma motor
is known, for example, from US 6 334 302 B1, and is known by the title VASIMR (Variable Specific
Impulse Magnetoplasma Rocket). In this case, a plasma generator is used to pass a plasma

10 In general, the plasma to be expanded from the field is

thermally excited by means of an arc. The difference
from pure arc motors is mainly that the plasma
temperature 1is not restricted by the thermal load
capacity of the nozzle walls. The additional
15 interaction of the plasma with the generally static
field forces 1is in this case of secondary importance.
Owing to the dynamics of a thermally excited plasma in
a magnetic field, plasma motors are thus also referred
to as magnetoplasmadynamic proportion systems or MPD
20 motors. Traditional MPD motors can be subdivided into
two groups, specifically into self-induced field and
externally-induced field motors. In the case of self-
induced field motors, the field of the magnetic nozzle
is induced by the high discharge current of the arc,
25 that is to say there is a magnet but no coil. In the
case of externally-induced field motors, all of the
discharge current is used for heating, since the field
of the magnetic nozzle produced by a coil is in fact
formed by an external field.
30
A magnetic plasma motor 1is known, for example, from
US 6 334 302 Bl, and 1is known by the title VASIMR
(Variable Specific Impulse Magnetoplasma Rocket). 1In
this case, a plasma generator is used to pass a plasma
35 through at least two magnetic toroidal coils, and is
thermally excited in this magnetic field. The radio-
frequency field oscillation heats the plasma in a type

of magnetic bottle by means of magnetic field



35 through at least two magnetic toroidal coils, and is thermally excited in this magnetic field. The
radio- frequency field oscillation heats the plasma in a type of magnetic bottle by means of magnetic
field WO 2005/027142 PCT/AT2004/000313 - 5 oscillations. The geometry of the variable-strength

magnetic field fwolapo@sAbe rmmains unchanged, for which reason tieerprrgreta fielolois 1sed for
energy transport, but not for material transport. It has been 5 possible to achieve better efficiencies
with this motor than in the case of traditional magnetoplasmadynamic propulsion systems. US 4 412

967 A describes,a patticle aceeleraterusing. 19, the-princjple efAlfvepwaves. A particlebegam such as
this can be used as a drilling tool or weapon. The present invention is based on the object of providing

a method and a' ik fof the yenératibh 't TBATREN Wavés B/ Mgans BF WhicHMass i€ fransported.
The aim is to bevaileho useathermethot and dhe tevicef as-sdmoter forsedhiclésrin particatar
spacecr_af;: %it&m@g@&me rngmogo@em%g?gggﬁgggngdtg}gag S%Q; ;aygnt_ﬁn l@f@h}gy@g in that the
magnetic field comprises a magnetic.prima which_is deformed periodically by at least one
oscillating r%agr%?igséé%?oen(%?y field of fe Egsjﬁ?)cselé peo%ﬁtfljtg the %ﬁm%ﬁg %ie%f)ﬂass a roelcs%ﬁ of which
Alfven waves arelfofmetiin 25 the FdgeriaP Whieh @an beibBrized and RHeEafRE R JhisHbgnetic field,
which Alfven wavespropagate & &t ¥alocity which depends on the mass density of the material
passing through the magnetic field and on the field strength of the magnetic field, with the field 30
strength of the magnetic field being greater than the kinetic energy of the material which is located in

the magnetic ficld, o thatmasdd istraf§5sitedhy the Riveén Waves The iREtod acksrdiy to the

invention fdr thé fiest imenmakés use oPAlfvemwavessfor transport icle beam such as
this can be used as a drilling tool or weapon.

The ©present invention 1is based on the object of
providing a method and a device for the generation of
15 Alfvén waves, by means of which mass 1s transported.
The aim is to be able to use the method and the device

as a motor for vehicles, in particular spacecraft.

With regard to the method, the object according to the
20 invention 1s achieved in that the magnetic field
comprises a magnetic primary field which 1is deformed
periodically by at least one oscillating magnetic
secondary field of the opposite polarity to the primary
field, as a result of which Alfvén waves are formed in
25 the material which can be ionized and is located in
this magnetic field, which Alfvén waves propagate at a
velocity which depends on the mass density of the
material passing through the magnetic field and on the
field strength of the magnetic field, with the field
30 strength of the magnetic field being greater than the
kinetic energy of the material which is located in the
magnetic field, so that mass 1is transported by the
Alfvén waves. The method according to the invention for
the first time makes use of Alfvén waves for transport
35 of mass. A material beam that is generated in this way
makes it possible to produce propulsion systems for
vehicles, in particular spacecraft, such as space

satellites, for example by use of the reaction



35 of mass. A material beam that is generated in this way makes it possible to produce propulsion
systems for vehicles, in particular spacecraft, such as space satellites, for example by use of the
reaction WO 2005/027142 PCT/AT2004/000313 - 6 principle. However, a range of other applications

are also possibi spowsgioahichavill be mentioned briefly further below/ A1 @odertocsosy mass
transport by means of Alfven waves, specific precgngitigns have to be satisfied, which are described
further below. The Alfven waves are caused by periodic changes in the field geometry of a magnetic

primary field. This periqgie changs,intbe 10 geomety of the primary field-is caused,by atleast one
second, perlodlgﬁgg varyln% magnetic field of opposite polarity, which is referred to in the following
a

textas the secéhdary REIA® aRd e calidha by'a Setondal coil. The bathihting Sefondary Yield is

generated by 15 supplyinglanlostillating signal to the secondary coil. The frequency and the form of
the drive signal for the secondary coil depend on the nature of the application and on the specific

characterisfg’cs of ﬁheoﬂ:eoll% goiléobeérl%lé%ed. Ftsjgd rr}eanﬁast%}/d Ia% rekljativelggliﬂgsh sgf%]onf.gf\%ég field
oscillation frequencies, an area’is entered where the operating paf]hs%ecome shorter since the full

deformation patid 6® the nidtftfetic field BaR poNoAGeChe usetlVr ni&ss Ranspaitithe ed.
superimpositiomofthe magneticsiteld® eesults im Hee linesl offorcenef the Pogrimanydieldbeing forced

outwards on the_side .apnosite,the; seeondary Goil. thug creafing E‘f&’ﬂ@?"g%%?@é’r@/i”&aﬂy fleld. This

field funnel leads to a reduction in the volume enclosed by the magnetic field. The material which can

be ionized and BIG&ED T thE 30FRAgnELEREld isthdS confpressed and & dfced But'ofSthe field.
The matefi@l whictomtgragtsafitithe pragmetig fieldeissubdividedsernl theyore hard frito thee

second, periodically varying magnetic field of opposite
polarity, which is referred to in the following text as
the secondary field, and is caused by a secondary coil.
The oscillating secondary field 1is generated Dby
15 supplying an oscillating signal to the secondary coil.
The frequency and the form of the drive signal for the
secondary coil depend on the nature of the application
and on the specific characteristics of the field coils
being used. Fundamentally, at relatively high secondary
20 field oscillation frequencies, an area is entered where
the operating paths become shorter since the full
deformation paths of the magnetic field can no longer
be used for mass transport. The superimposition of the
magnetic fields results in the lines of force of the
25 primary field being forced outwards on the side
opposite the secondary coil, thus creating a funnel-
shaped primary field. This field funnel leads to a
reduction in the volume enclosed by the magnetic field.
The material which can be ionized and is located in the
30 magnetic field is thus compressed, and is forced out of
the field. The material which interacts with the
magnetic field is subdivided on the one hand into the
emission mass and, to a smaller extent, into Lorentz
particles. The Lorentz particles are located in the
35 area of relatively high flux densities, and are bound
to the 1lines of force. In contrast, the remaining
particles are not bound to the lines of force and can

thus be referred to as quasi-free particles. The quasi-



emission mass and, to a smaller extent, into Lorentz particles. The Lorentz particles are located in the
35 area of relatively high flux densities, and are bound to the lines of force. In contrast, the remaining
particles are not bound to the lines of force and can thus be referred to as quasi-free particles. The

guasi WO 20050274485 p/AT4#904/000313 - 7 free particles are scatfaredaouthedasestz particles.
For this reason, the forces which are caused by the Lorentz particles and which act on the enclosed
material can also be referred to as wall forces. In 5 contrast to additional magnetoplasmadynamic

motors, the magnetic wall-forces notonly cargy eutthe functionof 1a,pazzle byt Py virfue of their

dynamics, are also resgonsible for the com§ression of the emission mass. In order to allow mass

transport by means of tHe Al 20 Waved &t afl Stheso-cAlled AinerlintitWithiA which the magnetic
field strength méstisengreater alidn thee kinetic @nergyicfithe intéracting partieles anust #nes be taken

into account. If thisegndition ds, Rot s3aisfied; theAlfwerawaves cannotbe usegdtpdeansparg 15 mass.
The variablgs inctge tprlasnea space gmtst ge ag}nal%zendefocl; tl1i§1 ggggitiggmllf th(?n ki{\gtricS energy of the
particle is greater than the magneftic ﬁel%l, n IIhos'gpaﬁic es are not bound to the magnetic field, and
thus cannot foll B\ #1 A€ paritlestareCRéwagér, 20 bound i theaghific figlddh BeBoriance with
the above definitionpas:iscdefined byote Affvemdmit fthe ipatticles atetransportedy the magnetic
field. The mathematiealrinciples relating to this willhe: sxplained jnmore; detal latey, 28 The
magnetic field is deformed with the propagation Vvelocity of the Alfven waves, the so-called Alfven

velocity. In this ddse? Bdfidtictiof s QAP BEieeh” fRE Bptibiys.means of the Alfvén

10 waves at all, the so-called Alfvén 1limit within which
the magnetic field strength must be greater than the
kinetic energy of the interacting particles must thus
be taken into account. If this condition 1is not
satisfied, the Alfvén waves cannot be used to transport

15 mass. The wvariables 1in the plasma space must be
analyzed for this condition. If the kinetic energy of
the particle is greater than the magnetic field, then
the particles are not bound to the magnetic field, and
thus cannot follow it. If the particles are, however,

20 bound 1in the magnetic field 1in accordance with the
above definition, as is defined by the Alfvén limit,
the particles are transported by the magnetic field.
The mathematical principles relating to this will be
explained in more detail later.

25
The magnetic field is deformed with the propagation
velocity of the Alfvén waves, the so-called Alfvén
velocity. In this case, a distinction is drawn between
two options.

30
According to one feature of the invention, the Alfvén
velocity is less than or equal to the speed of sound in
the material which 1is located in the magnetic field.
This represents the case of elastic compression of the

35 enclosed medium. In the case of this elastic
compression, no heating of the medium occurs, other
than unavoidable friction losses, and, instead of this,

an internal mechanical overpressure 1s created with



30 According to one feature of the invention, the Alfven velocity is less than or equal to the speed of
sound in the material which is located in the magnetic field. This represents the case of elastic
compression of the 35 enclosed medium. In the case of this elastic compression, no heating of the

medium occurswagheo dsam anava@dable friction losses, and, insteadeafthiaT 20086008/3D8chanical
overpressure is created with WO 2005/027142 PCT/AT2004/000313 - 8 respect to the ambient
pressure. In the case of an Alfven velocity which is less than or equal to the speed of sound of the

material which is.located in the magneligfield, the kinelic impulse is thys.largely.s transmitted
elastically. In the case of such elastic acceleration of the emission mass, it is not possible to achieve

particularly high’butiet Velddiies dihde tHe nternaf speedof SotiHd isofot Edcketed St the Dutlet
temperature of theqrddiam tebendarsported. Use ¢0of thishiethod is féasiblesstinmarily for operation
with conductivaﬁig:%dﬁo %ncqiréﬁlaigh QQ@Sity;%@gématmghﬁ%@cri]q@d vlyfgh §uc{lgm®l'@

conjunction. with a_possihly small proportio ions_does not allow high Alfven velocities.in any case.
15 If the Alfven Serl%%ﬁ)rln ébtc)vévﬁ%h ﬁweea§ﬁ\}ecnar\;v%%és S%)Popgélaete Fsagsr%atgr? than ﬁgle s%%%aecojf Sound of the
material which 8 fscatéed ft-the'magnetié fiel@Mthis TRatefldl 3§ compredSedifiéladiicafly Parid is thus 20
heated. The magaituderof ¢he elastically transpgrtableyimpuilgel istgoverned by tbe respective modulus

of elasticity and, associated with thé'% Q(Ty&heo@eg@% sound. The inglgg@céggrgpoggnttog the impulse

which is transported by means of the Alfven waves and the 25 Lorentz particles is converted to
incoherent interR&" hidvehfétit that 1516 saf to heat' TtefatetiaPfhichansported. Use

10 of this method is feasible primarily for operation with
conductive 1liquids, since the high density of the
material associated with such 1ligquid in conjunction
with a possibly small proportion of ions does not allow
high Alfvén velocities in any case.

15
If the Alfvén wvelocity at which the Alfvén waves
propagate 1is greater than the speed of sound of the
material which 1is located in the magnetic field, this
material 1is compressed 1inelastically, and 1is thus

20 heated. The magnitude of the elastically transportable
impulse 1s governed by the respective modulus of
elasticity and, associated with this, by the speed of
sound. The inelastic component of the impulse which is
transported by means of the Alfvén waves and the

25 Lorentz particles 1s converted to incoherent internal
movement, that is to say to heat. The material which
has been thermally excited in this way therefore not
only assumes a higher temperature but also has a higher
speed of sound, at which it expands from the field

30 funnel of the magnetic nozzle. Heating therefore takes
place directly via the field forces, which are in the
form of a magnetic nozzle, without any external heating
mechanism. In the case of inelastic compression, the
ratio Dbetween the compression time and the energy

35 losses resulting from radiated emission caused by the
heating 1is important. In an optimized system, the
propagation time of the Alfvén waves, which depends on

the operating path and on the Alfvén velocity, should



has been thermally excited in this way therefore not only assumes a higher temperature but also has
a higher speed of sound, at which it expands from the field 30 funnel of the magnetic nozzle. Heating
therefore takes place directly via the field forces, which are in the form of a magnetic nozzle, without

any external hegn@ gosgteaiiam 2in the case of inelastic compressiectiaTztio es0esn the
compression time and the energy 35 losses resulting 9Iro_m radiated emission caused by the heating is
important. In an optimized system, the propagation time of the Alfven waves, which depends on the

operating path and ap-theiflfyen yelocity, should WO 2005027142 RGHATZO04/000313 5 9 be
matched such that less energy is radiated_than is supplied ey the&ulse durin% the timejé)eriod.
Thermal excitatiol By Jr‘r?edanggf ﬁ]léfasﬁé%&%p%%gi]ogﬁgof% emi&SorPAass Ran 8L Yor

applications in eebkardts yacuump sinceea sMmalPmassgermsity is reqaired s schievecligh-Alven

velocities for this pugRosen Despite short accelesation distanges) highdmpulses gan, be sugplied in this
case by means of a high Alfven velocity. 10 Aicorrginsgsto %%éel ture clJfSthe inventiond th Ornagnetic

. . . vVacu since S osmma cequilre
primary field is essentially constant. This i achieved by means of‘an essenﬁla(ﬁy constant supply to

one coil in orde? & protfice & PrimBALRGnetitsield 10 that 15 e cifdlitPy catripRRitg level is low.
The constant nagsetic rivtasy fieldcanllikestisebe generaied by megns omhpensanentamnagnets. If,

in the case of the generation of the primary. 20. magnefic figld using a-coll, the so-called primary coil,

the magnetic primary field is switched off periodically, the thermal heating caused by the electrical
resistance of théff)}iﬁiéjrﬂioil can be reduced. In this case, the frequency and time for which
10

According to one feature of the invention, the magnetic
primary field is essentially constant. This is achieved
by means of an essentially constant supply to one coil
in order to produce the primary magnetic field, so that
15 the circuitry complexity level 1is low. The constant
magnetic primary field can likewise be generated by

means of permanent magnets.

If, 1in the <case o0of the generation of the primary

20 magnetic field wusing a coil, the so-called primary
coil, the magnetic primary field is switched off
periodically, the thermal Theating caused Dby the
electrical resistance of the primary «coil can be
reduced. In this case, the frequency and time for which

25 it 1is switched off must be appropriately chosen in
order to ensure that the thermal energy can be
dissipated within the phases during which it is
switched off.

30 It is not expedient to maintain the magnetic secondary
field during the time in which the primary field 1is
switched off, so that the magnetic secondary field is
preferably likewise switched off during the periods in
which the primary field 1is switched off. The primary

35 field is switched off, and if appropriate the secondary
field as well, by means of an appropriate control
device, which are connected to the supply devices for

the coils for generation of the primary field and of



25 it is switched off must be appropriately chosen in order to ensure that the thermal energy can be
dissipated within the phases during which it is switched off. 30 It is not expedient to maintain the
magnetic secondary field during the time in which the primary field is switched off, so that the
magnetic secongary2idad jo refezably likewise switched off during teepgred® ou )do0B B primary
field is switched off. The primary 35 field is switched 1o&f, and if appropriate the secondary field as well,
by means of an appropriate control device, which are ‘connected to the supply devices for the coils for
generation of theprimary field,and gf WQ 2005/027142 PCT/AT2004/000313 - 10 the secondary
field. According to a further feature of the invention, the magnetic field is focused in the axial and/or
radial 5 direction in order to improve the effect of the magnetic nozzle. Various methods can be used
for focusing, foRexamplentagnetieméthodseor efsta speeificdrrangementssand mecharical

configurations of theadield-coils <1 Thesfield strgrath ofithe meagaetic: primary field candae, varied while

the magnetic secondary field is,switched on, in order to influence the defarmation of the . primary field.
In this case?f thegplrﬁre}é:%%loéfd is'15 véljrﬁ-:-gde gnly 6a rﬁf%?oexteent?g]hr?e ggér%%tcr% of a?f; rr?ur%ally

deformed fieldseafiserihfluericet? afd thi's optirfized Dy R‘Stenfporarytedudtistor iferéase in the
primary field. 20fA furdherdfeatumoef the inveptien praxigestorthe malfreniwavesdeo be phase-delayed.

This phase de'ag%@@'&cﬂ nhe ahieyed, dar example, by means ‘?fc%rgﬂ@{ﬁda%‘&'ﬁﬁ% risg while the

secondary coil is elng. switched on, can be used to lengthen the time period o
the field coils.

10
The field strength of the magnetic primary field can be
varied while the magnetic secondary field is switched
on, 1in order to 1influence the deformation of the
primary field. In this case, the primary field is

15 varied only to a minor extent. The geometry of the
mutually deformed fields can be influenced, and thus
optimized, by this temporary reduction or increase in

the primary field.

20 A further feature of the invention provides for the
Alfvén waves to Dbe phase-delayed. This phase delay
which can be achieved, for example, by means of a
delayed voltage rise while the secondary coil is being
switched on, can be used to lengthen the time period of

25 the deformation phase of the primary field. Influencing
the Alfvén waves in this way is worthwhile when the
Alfvén velocity is too high. By way of example, it may
be advantageous to slow down the field deformation in
this way for a hydrodynamic application of the method

30 according to the invention. This makes it possible to
achieve wvariations in the sound field or efficiency
optimizations. Alternatively, when using the method in
the presence of a plasma source, a reduction in the
Alfvén velocity may be advantageous when, for example,

35 the losses resulting from black-body radiation
excessively restrict the efficiency, for example

because the compression temperature is too high.



25 the deformation phase of the primary field. Influencing the Alfven waves in this way is worthwhile
when the Alfven velocity is too high. By way of example, it may be advantageous to slow down the
field deformation in this way for a hydrodynamic application of the method 30 according to the
invention. This meke® dppsaiviesy achieve variations in the sound el (xEfiganco eplimizations.
Alternatively, when using the method in the presence of a plasma source, a reduction in the Alfven
velocity may be advantageous when, for example, 3 the losses resulting from black-body radiation

excessively restyigt thg efficiency, fof; e¥ample. hecayse the compressign temperaturedis (o high. WO
2005/027142 PCT/AT2004/000313 - 11 If the Alfven waves generate a thrust on the basis of the
reaction principle the hiéthbd 18t gBR&rXtioR 't AlfvER wATES R8N Be hisedtBprapeiVenicies, in

particular spacettdft¢n thigedse, amedesifed 5 iohizatioh Mechavism whichdarties out the ionization

of a gas that is lgsateddn paGontajperis usedas the nplasma sourggs Ehe Alfugn waves reduce the

volume of the medium flowing in from the IasEna ource more quicgly, nd in an .oscglating manner,
. 1%%12atlon g@c apﬁfﬁ Wh1lcC carries o% C % ﬁ$nlza ron L
than the medium 10 can expand out of the funnel-shaped magnetic field. The "high impulse which is

supplied during ®fe Briefptise’ durativn oF @9 Athghetic fisleHeats ' the plasiaSthus Seadifig to a
higher speed ofisoasflaind thisca highae expansion vetoeity oftheplasmavel he Alives wages can 15

also be used to providg additional agalgration for a, plasma beam which has already heen

accelerated by some other mechanism. Applications of motors such as these extend from attitude

control of satellitB&6" bropufdich systétis f5F TOdKeRS 1% paRe MiiSsions Hhd Bt mUER hidte. Since
the preseit'methed carberapphed to faryhdesiredniens sh plasmansaurees,dt iSithdaslalsbhpossible to

use any desiredyagdio-fieqUency SQUCes is supplied during the brief pulse
duration of the magnetic field heats the plasma, thus
leading to a higher speed of sound and thus a higher
expansion velocity of the plasma. The Alfvén waves can

15 also be used to provide additional acceleration for a
plasma beam which has already been accelerated by some
other mechanism. Applications of motors such as these
extend from attitude control of satellites to
propulsion systems for rockets for space missions, and

20 much more. Since the present method can be applied to
any desired ions or plasma sources, 1t 1is thus also
possible to use any desired radio-frequency sources
which have no discharge path and therefore have no
electrodes that are subject to corrosion. This results

25 in corrosion-free electromagnetic propulsion systems,

which have a longer life.

It 1is 1likewise possible for the Alfvén waves to

generate a particle beam of high kinetic energy which,
30 for example, can be used in the military field, for

example 1in order to render satellites inoperative. 1In

this <case, the particle Dbeam of high energy 1is

advantageously generated by means of a single pulse of

the secondary coil, while the magnetic primary field 1is
35 activated.

As already mentioned above, the Alfvén waves can supply

additional impulses to an accelerated mass. Any desired



which have no discharge path and therefore have no electrodes that are subject to corrosion. This
results 25 in corrosion-free electromagnetic propulsion systems, which have a longer life. It is likewise
possible for the Alfven waves to generate a particle beam of high kinetic energy which, 30 for

example, can berosed osihe2milisary field, for example in order to repday/satelbies/ioopamsive. In this
case, the particle beam of high energy is advanta_gei) sly generated by means of a single pulse of
the secondary colil, while the magnetic primary field is~35 activated. As already mentioned above, the

Aliven waves can-supply- additiopalympylises fo an.acgelerated mass. Ay desirgd MO 2005/027142
PCT/AT2004/000313 - 12 accelerated medium can be accelerated again with the aid of the present

method, in the f8r of fhe aft&fburidr Pimciple. B WaY of exdmplefhe devide c8did be"Combined
with an arc moterf withithe meateriaf 5itharhas been aceelerated axthivway béing adiditiorally

accelerated. It is-alsopassiblesiar Phenonrs tonbesgenserated o camplifiechinthe materal which is
located in ttge 1%% netigafiseld, nedlgr foréahggﬁgsg% bg gerller{atedfg]r. Samplvi}‘iaed in %gtirrgounding
medium by means of the materia which i$ focated in the magnetic fie d> Phorons are amglified by
influencing the solftfield adithin A€ Meéraiestirrounded by the magnetic field by 15 the influence of
the Alfven waves. Applications in which material which has already been excited by some other

mechanism is inf%ndgg toaplesgro_ g%% %tlﬂean f%qditigﬂggg}pyls%, forb%(qragk@eiggte% 8asgrof chemical

combustion or heating, may be cited as fields of use 20 for the amplification of phonons. Finally, it is
also possible toTBprésS the rateFAE wHiGH Ho8dted" iR tHE magneticfié@d Ghd this o€

10 magnetic field, and/or for phonons to be generated or
amplified in a surrounding medium by means of the
material which is located in the magnetic field.
Phonons are amplified by influencing the sound field
within the material surrounded by the magnetic field by

15 the influence of the Alfvén waves. Applications in
which material which has already been excited by some
other mechanism is intended to be provided with an
additional impulse, for example in the case of chemical
combustion or heating, may be cited as fields of use

20 for the amplification of phonons.

Finally, it is also possible to compress the material
which 1s located in the magnetic field and thus to
thermally excite it, and to generate or to amplify
25 electromagnetic radiation by means of the thermal

excitation.

Finally, the present method can also be wused for
surface processing or coating by directing material

30 which can Dbe ionized onto a surface with a high
penetration depth, for lithographic purposes. Finally,
it is also possible to wuse the present method to
accelerate particles for the purpose of doping
semiconductor materials. In principle, a printer

35 operating on the basis of the described method can also
be constructed, in which the substance to be applied to
a printed copy 1s accelerated by means of the present
method.



thermally excite it, and to generate or to amplify 25 electromagnetic radiation by means of the thermal
excitation. Finally, the present method can also be used for surface processing or coating by directing
material 30 which can be ionized onto a surface with a high penetration depth, for lithographic

purposes. Finallyo itie eéstopagsikle to use the present method to apcaigmte panjcdex®I she purpose
of doping semiconductor materials. In principle, a_pr'nj,ter_35 operating on the basis of the described
method can also be constructed, in which the substarce to be applied to a printed copy is
accelerated by means of the present method. WO 2005/027142 PCT/AT2004/000313 - 13 The
present method would also allow sea water to be desalinated more cguickly and more efficiently, since

the salt ions could acdlhfiiig extEriaR on"tRE litess 8P fofte iR The fRagn&tic HozZi€, alid could
easily be dissipatesth Finallys the presentmethollycoaldhlsodiecused 6 Mietittalive thelelestrical

potential around:a c10sspaceckafts Fughernerecthefluctuatingrnagnetic field offers bettergprotection
against a, and (% Par%igles siri1%e tjeg ma%netic field re reitl-:‘nts a bgttecrobri\gngegotegtial 15 for these
t

. ; T ’
particles. Spacecraft Wﬁlgﬁ are propeelleg on the Dasis of the preas%nt method could thiis BS better

protected againStighhergy plasma distribution, such as those which occur in the case of solar
winds. This means that space flights would no longer have to be 20 governed to such a major extent

by the solar cycie;and (e OCEHQG“I§§Q£ splar winds, since e fluctyating magnglic field also
provides additional radiation protection. 25 The applications mentioned above represent only a few
neutralize the electrical potential around a

10 spacecraft.

Furthermore, the fluctuating magnetic field offers
better protection against o and P particles, since the
magnetic field represents a better braking potential
15 for these particles. Spacecraft which are propelled on
the basis of the present method could thus be better
protected against high-energy plasma distribution, such
as those which occur in the case of solar winds. This
means that space flights would no longer have to be
20 governed to such a major extent by the solar cycle and
the occurrence of solar winds, since the fluctuating
magnetic field also provides additional radiation

protection.

25 The applications mentioned above represent only a few

options.

The object according to the invention is also achieved
by a device as mentioned above for the generation of
30 Alfvén waves, in which the at least one secondary coil
is of the opposite polarity to the device for
generation of the primary field, and is supplied with
an oscillating electrical signal, as a result of which
the magnetic primary field is deformed periodically by
35 the magnetic secondary field, and Alfvén waves are
formed in the material which can be ionized and is
located in this magnetic field, which Alfvén waves

propagate at the Alfvén velocity, with the field



options. The object according to the invention is also achieved by a device as mentioned above for
the generation of 30 Alfven waves, in which the at least one secondary coil is of the opposite polarity
to the device for generation of the primary field, and is supplied with an oscillating electrical signal, as

a result of whiclwshe otsyreeiv panary field is deformed periodically iny13fatreonagoetiasscondary
field, and Alfven waves are formed in the material which can be ionized and is located in this
magnetic field, which Alfven waves propagate at the ﬁ\lfven velocity, with the field WO 2005/027142

PCT/AT2004/000313,,514 strength.of the,magneticfield being:greatst thandthe denetic.energy of the

material which is |located in the magnetic field, so that mass is transported by the Alfven waves. The

major design feattPéd afe tHll§ 198 5HifrerBhty BoIaf2Ed fidid coils, by me&As sFwhich ‘A& magnetic
field, and thus thegifeén waviess afe deformedaBecaase the Alfverdlimibovitied hawalreddy been
mentioned above: iseempliedadth, the-Altvgn owavesaargrsuitable fardrangpaert efinass: @ The device
for generation of.the_magnetic primary field may.be formed by a cgil or else a permanent magnet. The
coils for forﬁati(()jnl f %%gr%%r\{eti%??e% are 15 aé]\%n ag%%bjg%/degiénénf {0 be I%ﬁ?dwcﬁo%)fgl. Liquid
cooling allows tié Bigiageriing tefipekaturedts bet peducédithud BfiBRing e Mechadical strength
to be increasedi@0A fusther maprovementhandra reductian inithe elacirical resistance-atihe coils are

achieved by using supgpnducting goils, The. devicg foggh%iyfgan qf material yhich,gan,be 25 ionized
can be formed by a container with gas which can be ionized and by an injector device for introduction
waves are sulitable for transport of mass.
10
The device for generation of the magnetic primary field

may be formed by a coil or else a permanent magnet.

The coils for formation of the magnetic field are
15 advantageously designed to be liquid-cooled. Liqgquid
cooling allows the high operating temperatures to be
reduced, thus allowing the mechanical strength to be

increased.

20 A further improvement and a reduction in the electrical
resistance of the coils are achieved by using

supconducting coils.

The device for production of material which can be
25 ionized can be formed by a container with gas which can
be ionized and by an injector device for introduction
of the gas which can be ionized into the magnetic
field. A plasma generator such as this is particularly
suitable for use of the device in space as a propulsion

30 system for spacecraft.

If the device for production of material which can be
ionized is formed by a source for supplying
electrically conductive ligquid, the Alfvén waves can be
35 used to compress this liquid which is located in the
magnetic field. This embodiment wvariant, in which the
liquid is used as a flow mass which contains free ions

is particularly suitable for wuse as a hydrodynamic



of the gas which can be ionized into the magnetic field. A plasma generator such as this is particularly
suitable for use of the device in space as a propulsion 30 system for spacecratft. If the device for
production of material which can be ionized is formed by a source for supplying electrically

conductive liquidiahg0dB/eoavaves can be 35 used to compress thisHrmjchwhoduig docesed in the
magnetic field. This embodiment variant, in which_th? 5qu_uid is used as a flow mass which contains
free ions is particularly suitable for use as a hydrodynamic WO 2005/027142 PCT/AT2004/000313 -

15 propulsion %%%ﬂ@&%%arEQ@thﬁWa%&f%f&a’%%f‘ean§HbW§£iQ§5-cE%ef€9Vaéﬂéﬂe ipsthis case is
that water can be moved without the propulsion system haﬁjg a\;fl Smovjng parts. Salt water is an
ctivity.

ideal medium, b2e8USE 5F5 s reldffvery Voaoratglggtriéﬁi cd Although e AT vave
directly influenceg onlp¢herfeee fbnw L onfyua simak aimooantidstow inshe terrisdion directipnyis caused,

overall, as a resyli-of the seatter of the wemaining partigles: Meyerthelessatheraarealso 46

application$ for thcis varrieafg. tTr\\feelii h mass d%riseité/tin . tcrglslcagg nrgsuthCs. in .anly vei?( JE%\;% 1,?\vaen
éJ a |onggT the

- O 1 . V1 .
velocities, for which reasonthe o era(%lng area can 66 applled to ﬁ'le e]ﬂastl acceler

emission mass. Bieway fofexaiile, tHeé tevickicahde Use¢as apartictiany 15 fiet Prdpulsion
system which isddiffigulatodecdte, forcubmasnes; 0swas anhydredyaamicpump dSineetaipump such

as this does notﬂavg &9&’&’89“%%8?&% it,selgg gari@\@gg%h g%th[&%gansla%%gq focg %ra_gﬁgortation of

liquids when subject to particularly stringent safety 20 requirements. For example, pumps such as

these can be usEdfo-tFanshortliftid<CihBiorealtors Sihce AS Srotary Aovement fieedbé transmitted
to the contdinerayiplaibedring,; $hef safetyhrisk ofa leakts rétheced;] Endatthe dameitime the cost

factor which is nogmally-2se results in only very low Alfvén velocities,
for which reason the operating area can be applied to

the elastic acceleration of the emission mass. By way

of example, the device can be used as a particularly

15 quiet propulsion system which is difficult to locate,
for submarines, or as a hydrodynamic pump. Since a pump
such as this does not have any moving parts itself, a
variant such as this can be used for transportation of
liquids when subject to particularly stringent safety

20 requirements. For example, pumps such as these can be
used to transport 1liquids 1in bioreactors. Since no
rotary movement need be transmitted to the container

via a Dbearing, the safety risk of a leak is reduced,

and at the same time the cost factor which is normally

25 incurred as a result of the regular replacement of the
bearing is avoided. Furthermore, there are no
mechanically moving parts which could damage the

biomass.

30 According to a further feature of the invention, a
device 1is provided for phase delaying of the Alfvén
waves which are generated. A phase delay such as this
can achieve a reduction in the Alfvén wvelocity, which
in some cases may be advantageous.

35
Finally, devices can be provided for focusing of the
magnetic field. These may be in a magnetic form, or

else 1in mechanical form, by means of an appropriate



25 incurred as a result of the regular replacement of the bearing is avoided. Furthermore, there are no
mechanically moving parts which could damage the biomass. 30 According to a further feature of the
invention, a device is provided for phase delaying of the Alfven waves which are generated. A phase

delay such as tiwe cegoagtoeverazeduction in the Alfven velocity, whedT /ase0@40am@s313Y be
advantageous. 35 Finally, devices can be provided f9r6fogusing of the magnetic field. These may be in
a magnetic form, or else in mechanical form, by means of an appropriate WO 2005/027142

PCT/AT2004/000313, ;10 Fangerngat gf 1he magnet coils. The focusing device may be formed by
the primary coil and, if appropriate, secondary coil with a magnetic 5 core composed of various

materials, for example based on an FFAG (Fixed Field Alternating Gradient) core. Magnetic shielding
is advantageously providadston protect sensitivey, ilPparfioulae élebtrortidcaspembliey 1@ against the

relatively stronggnagnetie fielgs-from:theegils. Lonentiopal magnetigaliy pesmeable shielding
materials r(;gay beourseed éor thgjsspétgp%ste. l;th(?L (l;nuagnrenti gk}igldi'rtlgg incflugesea srmi din%glgéed 15 which
is arranged on the side of the magnetic field oppositeat & ouflet direction of the Alfven waves, this
results in additictal focusir of thethaghetr field. I Tive Befotmation of #f magheti€ fields is controlled
by 20 means of a control device which is connected to the electrical supply devices for the coils. A

control circuit sych, s this may,be-foxmed by agmicropracessar with appropriage intgrfaces to the
supply units for the™ colls. 25 In this case, the control device may be formed by a .
protect sensitive, 1n particular electronic, ‘assemblies
10 against the relatively strong magnetic fields from the
coils. Conventional magnetically permeable shielding

materials may be used for this purpose.

If the magnetic shielding includes a shielding plate
15 which is arranged on the side of the magnetic field
opposite the outlet direction of the Alfvén waves, this

results in additional focusing of the magnetic field.

The deformation of the magnetic fields is controlled by
20 means of a control device which 1s connected to the
electrical supply devices for the coils. A control
circuit such as this may be formed by a microprocessor

with appropriate interfaces to the supply units for the

coils.

25
In this case, the control device may be formed by a
computer, in which case embodiment variants are
possible starting from a microcontroller via a
microcomputer to a computer unit.

30

The object according to the invention is also achieved
by a motor for a vehicle having a device as mentioned
above. If the device 1s designed to produce material
which can be ionized by means of a plasma generator and
35 thrust is generated with the aid of the Alfvén waves on
the basis of the reaction principle, suitable motors
can be created for vehicles, in particular spacecraft,

such as rockets or satellites. The preferred operating



computer, in which case embodiment variants are possible starting from a microcontroller via a
microcomputer to a computer unit. 30 The object according to the invention is also achieved by a
motor for a vehicle having a device as mentioned above. If the device is designed to produce material

which can be ioniaed dysyieana aba plasma generator and 35 thrustpeggnaatech wibdia aid of the
Alfven waves on the basis of the reaction principle, suitable motors can be created for vehicles, in
particular spacecraft, such as rockets or satellites. The preferred operating WO 2005/027142

PCT/AT2004/000313 -£L7 asea M&%ﬁatwptwithﬂgﬂ%gogagag in;the area.gf.inglastic ggmpression
of the emission mass. The Alfven waves reduce the enclosed volume of the medium flowing in from

any given plasma Soutes hors YUcKR e thid s médiufcat expardrdiit of tHefuhndiVsHaped
magnetic field. Thedtghrimspitse Whiches shpplied durihgithe oshorthsulseeduratiort heatsithe plasma,

and this leads tora highspeed obsaund, and dhus expansionwelecityy of the, plasma. tmthis case, any
desired ionj ati%\e%qlrlrgnechanism can bg usoed n.which, case the power which is

can.  expa tasg%e pcl%smafsuour%%’—ish e magnetlc
consumed for this purpose can be Féstricted to the ionization of the gas. al%e%herm%? sink for the
primary acceleratich- fechatfsmiisI Gerneraietssy the Affven wavEsPBh 1€ basis 6f the 18<Carnot
principle. Neverthetess, aplasmadhearn whichhkas heenacealerated by:seme other pechanism can

also be provided with addiiongl acceleration by the effect of Alfvenwaves, The majat advantage is

the capability to achieve high outlet velocities, for which reason a 20 plasma motor suchas this based

on Alfven waveSfs patficulaty&itablé for proplsion §ispadetraftSit 1ie case tfé* mbtdrs can be
used for attitudencariteol iehsatallite othusimereasing thelife bh modesource, in which

case the power which is consumed for this purpose can
be restricted to the ionization of the gas. The thermal
sink for the primary acceleration mechanism is
generated by the Alfvén waves, on the Dbasis of the
15 Carnot principle. Nevertheless, a plasma beam which has
been accelerated by some other mechanism can also be
provided with additional acceleration by the effect of
Alfvén waves. The major advantage is the capability to
achieve high outlet velocities, for which reason a
20 plasma motor such as this based on Alfvén waves 1is
particularly suitable for propulsion of spacecraft. In
this case, the motors can be used for attitude control
of satellites thus increasing the 1life of modern
satellites, which is normally limited by the internal
25 fuel supply, by virtue of the low mass flow of motors
such as these. Orbit and attitude control systems are
required to compensate for gravitational anomalies,

solar wind etc.

30 In the same way, motors such as these can be used as
so-called kick boosters for the propulsion of
satellites for transportation to their intended
location. A motor such as this with a relatively small
fuel consumption allows the total mass to be reduced,

35 or the payload to be increased. The capability to
increase the payload makes it possible, for example, to
accommodate more transponders 1n a satellite, thus

allowing enormous saving potential or, conversely,



satellites, which is normally limited by the internal 25 fuel supply, by virtue of the low mass flow of
motors such as these. Orbit and attitude control systems are required to compensate for gravitational
anomalies, solar wind etc. 30 In the same way, motors such as these can be used as so-called kick

boosters for thewwopgls®nozf7satellites for transportation to their int@Tith TemtiopoAoBa®r such as
this with a relatively small fuel consumption allows th% total mass to be reduced, 35 or the payload to
be increased. The capability to increase the payloaciL makes it possible, for example, to accommodate

more transpondgrs.ina satellite, thus llowing enowmeus savipg petential ok, copversely, WO
2005/027142 PCT/AT2004/000313 - 18 greater transponder capacities to be made use of. The high

outlet velocities and low mass flow of motors such as these allow long acceleration phases which are
5 particularly suftallefooscientifitdntersastans emissions; andreanshéiten tiefjounteytimes.
Experimental applieations, farexampie inplasmg wind duanels ifon sipniation efitherintgraction of high
10 speed r%-enté\%/al ngiga intglthe thsin P@ggﬁleayer c%f plggggarpé a#*g(c)sphiergg% are glsg aorssible. The
spectrum of su mvestlggtlon% can be extende By the capa ilities to vary a iechanisn which is
based on AlfvefTWel/@5°15 if, aBCoraifiy foFe flrfHer Fégture B theYinvétfoh; the device for production
of material which can be ionized is formed by a device for supplying electrically conductive liquid, the

motors can be ysed 20 as A repulsion system.for vehicles in the water, for example for sybmarines.
If the device for production of material which can be ionized is formed by an arc motor, the material
which funnels, for simulation of the 1interaction of high-
10 speed re-entry bodies into the thin upper layers of
planetary atmospheres are also possible. The spectrum
of such investigations can Dbe extended Dby the
capabilities to wvary a mechanism which 1is based on
Alfvén waves.
15
If, according to a further feature of the invention,
the device for production of material which can be
ionized is formed by a device for supplying
electrically conductive liquid, the motors can be used
20 as a propulsion system for vehicles in the water, for

example for submarines.

If the device for production of material which can be
ionized is formed by an arc motor, the material which
25 has already Dbeen accelerated by the arc motor can
additionally be accelerated on the basis of the

afterburner principle.

Other applications, for example for production of
30 plasma beams of high kinetic energy as a weapon or as a

pump without any moving parts, are likewise possible.

The present invention will be explained in more detail
with reference to the attached drawings, which
35 illustrate schematic diagrams and exemplary

embodiments, and in which:

Figure 1 shows a schematic view of a device for



25 has already been accelerated by the arc motor can additionally be accelerated on the basis of the
afterburner principle. Other applications, for example for production of 30 plasma beams of high
kinetic energy as a weapon or as a pump without any moving parts, are likewise possible. The present

invention will bewex@aosd @2 moie detail with reference to the attaclrertdrepgiogg, AgloioB B35 illustrate
schematic diagrams and exemplary embodiments, %@d in which: Figure 1 shows a schematic view of
a device for WO 2005/027142 PCT/AT2004/000313 19 generation of Alfven waves; Figures 2a and

2b show two schematic views in ordgrio- jllustrate the meehanismp-Ry-which the magnetic fields are
deformed; 5 Figures 3a to 3d show v%rious curves of the current for supgl)%lyior]]r?l the secondary coil;
tion,

Figure 4 shows a't15&C diagfant 8f'a plasiia Mhotdf Cactordifig 1o the'ihe FiUte’s Shdws a block
diagram of a hydrodynamic 10 propulsiorssystem acdordimptothel presdrit invéntigh; Rigere 6 shows
a block diagram of a practical experimgntat lkayout for desting-the eperatign of the method according to

the 15 inv%ntiorg,;.zo 25 Fig3ure 7 5"5? s a block diagfram of a device for 1g}eneration of Alfven waves;
. ures. 5a Lo OW ,va.riqQus urves o e current r
Figure 8 shows altﬁock alagram of a turther device for generation of Alfven waves; an %lgures 9ato

9c show schematic circuit diagrams fiV8RIEY t6 explamh teccaicitationrof.the

Figure 4 shows a block diagram of a plasma motor
according to the invention;

Figure 5 shows a block diagram of a hydrodynamic

10 propulsion system according to the
present invention;

Figure 6 shows a Dblock diagram of a practical
experimental layout for testing the
operation of the method according to the

15 invention;

Figure 7 shows a block diagram of a device for
generation of Alfvén waves;

Figure 8 shows a block diagram of a further
device for generation of Alfvén waves;

20 and

Figures 9a to 9c show schematic circuit diagrams in
order to explain the calculation of the
deflection of the device in order to
generate Alfvén waves in the test shown

25 in Figure 6.

Figure 1 shows the section through a magnetic nozzle 1
of a device for generation of Alfvén waves, in which a
primary coil 2 is provided for generation of a magnetic
30 primary field. At least one secondary coil 3 is located
alongside the primary coil 2, 1is of the opposite
polarity to the primary coil 2, and 1is supplied with an
oscillating electrical signal. This results 1in a
magnetic field which is periodically deformed. A tube
35 4, which ends with the primary coil 2, 1is passed
through the coils 2, 3. A shielding plate 5, which
protects the electronics and other components from the

magnetic fields of the coils 2, 3, 1is located at the



deflection of the device in order to generate Alfven waves in the test shown in Figure 6. Figure 1
shows the section through a magnetic nozzle 1 of a device for generation of Alfven waves, in which a
primary coil 2 is provided for generation of a magnetic 30 primary field. At least one secondary coil 3 is

located alongsiwe tl2® pEy@ey Tak 2, is of the opposite polarity to theqriyeary @ed 20 aodis supplied
with an oscillating electrical signal. This results in a 2naagnetic field which is periodically deformed. A
tube 35 4, which ends with the primary coil 2, is passed through the coils 2, 3. A shielding plate 5,

which protects Q@d%lsectgq%%@ﬁ@@tf@ﬁgog@%ﬁa@ﬁm5'13 nga}gngltjg_ figlds 0f the ceils2, 3, is
located at the WO 2005/027142 PCT/AT2004/000313 - 20 side alon%?de the secondary coil 3, and

opposite the prittar)coll 2. Th& tentral tub&% coRtaing an iohi23flon mechSMERT for ex thple based
on an electricalidisctrarge oThe nateRalhwhich canfloer ionizedBrid passed #itd the gnagnetic field via

the tube 4. A liquid which-gantainsdreerigas canalsebe vsed instead of aplasma seukees As has
already been mlegtlonaedsfgghelr %bo(l)v%ﬁtge maa%rl\g Ic primary. fi IdVTéay tekllseo e f}%m%d, by%?ermqnent
magnets. 10 The ppgraﬁng mecﬂanlsm can be seen better in Figures 2a and b, Which schematically
show the magnéticngzzle "I i diffe st stviteRing stafes ofthé se€dRdary'cofl 3P FigaRsi2a, the
secondary coil 3 issswitchedoff, 15 anslithenprimarnycod.is preducing a magreticfieldbamrich has a

funnel-shaped prafle {yartsdhe.apeping, gf Ine whe 4, besause o hesuedingige s, Jhe
material which is passed through the tube 4 follows this funnel-shaped profile at the opening of the
tube 4. 20 also be formed by permanent magnets.

10
The operating mechanism can be seen better in Figures
2a and 2b, which schematically show the magnetic nozzle
1 in different switching states of the secondary coil
3. In Figure 2a, the secondary coil 3 is switched off,

15 and the primary coil 2 1is producing a magnetic field
which has a funnel-shaped profile towards the opening
of the tube 4, because of the shielding plate 5. The
material which is passed through the tube 4 follows
this funnel-shaped profile at the opening of the tube 4.

20
If now, as shown in Figure 2b, the secondary coil 3 is
switched on, the magnetic field of the primary coil 2
is deformed, and the lines of force are constricted at
the output of the tube 4, thus correspondingly

25 constricting the material transported by the Alfvén

waves.

This thus results in an oscillating flow of the ionized
material. Mass transport by means of the Alfvén waves
30 is possible when the Alfvén 1limit i1s taken into
account. For this purpose, the magnetic field strength
must be greater than the kinetic energy of the inter-
acting particles. The Alfvén 1limit thus determines
whether the Alfvén waves can transport mass at all.
35
Furthermore, the effective cross section is the
significant factor governing whether the Alfvén waves

can compress the emission mass at all. This limit wvalue



If now, as shown in Figure 2b, the secondary coil 3 is switched on, the magnetic field of the primary
coil 2 is deformed, and the lines of force are constricted at the output of the tube 4, thus
correspondingly 25 constricting the material transported by the Alfven waves. This thus results in an

oscillating flow efdhe dmszed Tnaterial. Mass transport by means of theMivERogayad3 isspossible
when the Alfven limit is taken into account. For this purpose, the magnetic field strength must be
greater than the kinetic energy of the inter- acting particles. The Alfven limit thus determines whether

the Alfven waves can; transpoft mass atall, 35 Furthermayg. the.effectivecross sgetion igthe
significant factor governin whether the Alfven waves can comé)ress the emission mass at all. This

limit value WO 4PPCTIATZ004/0063 13 S 15 iin YeRetdl regardéti'Ss 7ot beiky critical.
The compressiBiliyvsfither ehecloséd nfetlivim Bepefidsoon tie Wivensweldity as adunctionfof the
speed of sound of dhe enclosed medium, 5 Figures 3a to 3d show various forms of the current for
driving the secondary coil 3, and these forms can be matched to the respective applications. In
practice, it has been found that a signal form as shown in Figure 3a 10 should advantageously reduce
the gradient of thé Fis#Ry flafk &rd, IFapprepridie Fafthe falfig flamiéas ReellCThisShtis efféctively
results in a trapezaidaln profilecof the-ewrsentforasivingihe secondaryseoil £3 ritis makesdkpossible to

reduce voltage peaks, 13 Rustheymore, Qp%@‘dﬁ‘?}ga'a%d‘g‘?ﬂ%tﬁ’cgi%%‘%”tfﬁ”ﬁl%‘?cé’f’_clé%e%t@ drive the
secondary coil 3. Improvements can also be achieved by the use of asymmetric drive signals.
has been found that a signal form as shown in Figure 3a
10 should advantageously reduce the gradient of the rising
flank and, 1f appropriate, of the falling flank as
well. This thus effectively results 1in a trapezoidal
profile of the current for driving the secondary coil
3. This makes it possible to reduce voltage peaks.
15 Furthermore, a sinusoidal alternating current can also
be used to drive the secondary coil 3. Improvements can
also be achieved by the wuse of asymmetric drive

signals.

20 Simulations have shown that the present method for
generation of Alfvén waves and a device such as this
for generation of Alfvén waves can be used to achieve
emission velocities and efficiencies which make it
possible to efficiently use a propulsion system or a

25 source for plasma beams of high kinetic energy. A
propulsion system based on the use of the mass
transport of Alfvén waves can thus represent a benefit,

in particular in the field of space flight.

30 Figure 4 shows a block diagram of a plasma motor which
is based on the present invention and comprises the
already described magnetic nozzle 1, the primary coil 2
and at least one secondary coil 3, which is of the
opposite polarity to the primary coil 2, and 1is

35 supplied with an oscillating electrical signal. A tube
4 is passed through the coils 2, 3 and ends in the area
of the primary coil 2. A shielding plate 5 is located

at the side, alongside the secondary <coil 3, and



20 Simulations have shown that the present method for generation of Alfven waves and a device such
as this for generation of Alfven waves can be used to achieve emission velocities and efficiencies
which make it possible to efficiently use a propulsion system or a 25 source for plasma beams of high

kinetic energy. Avopreposjmeysiem based on the use of the mass tra@TStIor2oAlAEI0Bages can thus

represent a benefit, in particular in the field of space fﬁight. 30 Figure 4 shows a block diagram of a
o RO : : .

plasma motor which is based on the present invention and comprises the already described magnetic

nozzle 1, the prigary £Qil 2 aad ak least-ong secopdary ¢ail3. which.is;of the ORPosite polarity to the
primary coil 2, and is 35 supplied Wéth an os%/lllatlng electrical signal. A tube 4 |S§assed through the

coils 2, 3 and end5 iff e ar8a 5f the prifiary coif 2CA ShRiefdifg patd’s & focated 4t Y& Side,
alongside the secaraiapyeoil 30dnd WG 2008/027142 PCT/AT2004/000803 c<22 shieldd the

electronics fromgthednagnefic field gauses: by theseilgzand 8, Theshieldingplate,5 pesvents
expansion gf th% mggngﬁ% lines of force of theeC E?_%%”dm‘?ﬂ field that istprggu%%geb)éthe secondary coil
irecti [

53inthe oppOS|tel rection %ﬁﬁ%&ﬁ&t o the primary cokﬂ 2~ The device 8 for pr duction’of material

which can be ictfZed i$ foriiedl, iAdHe ¢iveR ekarmpler BFEC fuel Rarkio &19d & batrolahi@ 10 for
supplying an iosiatiarechasihierdd with fdel:fiem theitueldask 8.11@Theemigsien masgs is passed

from the fuel ta%% Yiattgg]g_)@troé}{alv%10Ci8£otg1§lioqj5§[q?g cpgm@grrllsu elnged (f:llllle| flows as

a plasma through the tube 4 into the magnetic nozzle 1, which is formed by the primary field that is

generated by the Prhfary con 2C 28 Fptintéractioh With thd sdcamlany/ freld tat ist §8Kerdted by the

secondary 8oil 3vehichmis sepphediasan oscillating ¢ormf results irethéyrimary figld bemga
the control wvalve 10 into the ionization chamber 11.

The ionized fuel flows as a plasma through the tube 4
into the magnetic nozzle 1, which 1s formed by the
primary field that is generated by the primary coil 2.

15 The interaction with the secondary field that 1is
generated by the secondary coil 3, which is supplied in

an oscillating form, results in the primary field being
periodically deformed by the opposite polarity of the
secondary field, as a result of which the magnetic

20 nozzle 1 1s constricted in a pulsating form by the
effect of the Alfvén waves that occur during this
process, thus creating an acceleration mechanism. This
acceleration mechanism is assisted by the presence of

the shielding plate 5, since the secondary field cannot

25 propagate in the opposite direction to the primary coil
2. The illustrated plasma source as the device 8 for
production of material which can be ionized represents
only one possible alternative. In principle, the system

can also contain other devices 8 for production of

30 material which can be ionized. The coils 2, 3, or else
other components, are supplied with appropriate
electrical power Dby means of an electrical supply
device 6. A control device 7, which i1s connected not
only to the electrical supply device 6 but also to the

35 coils 2, 3 and components of the device 8 for
production of material which can be ionized, is used to
control the individual components. This control device

7 may be formed by a computer, a microprocessor or a



periodically deformed by the opposite polarity of the secondary field, as a result of which the magnetic
20 nozzle 1 is constricted in a pulsating form by the effect of the Alfven waves that occur during this
process, thus creating an acceleration mechanism. This acceleration mechanism is assisted by the
presence of thewshiglolpBy plateL 22since the secondary field cannot Zcprtwragetainabe pposite
direction to the primary coil 2. The illustrated plas_ngogrce as the device 8 for production of material
which can be ionized represents only one possible alternative. In principle, the system can also
contain other deyices 8. fargraduction of 30 material which can be ionized. The coils 2, 3, or else

other components, are supplied with appropriate electrical power by means of an electrical supply
device 6. A control device 7, which is connected not only to the electrical supply device 6 but also to
the 35 coils 2, SFarmbesmporentsof the ldevice 8for Jpreductionaof ivatetigiwisitly edatverionized, is

used to control ¢i¥e indivisiakeomponents.nthis-eontnet device: 7:may be Jermes-ky-a€opputer, a
microproceg,sor Of a V Q 2005/027142 PCT/AE:ZL%%M(%%O@Blge{]Z\?emigrogontrollerdﬁiggrieog shows a

block diagram of a fuither emk‘)'qodeaht ot a device according to the mven%%n?(]):rogenleratmn 5 of
Alfven waves, iPWwhiéli it dévice"8 ot iprodi@itioRSof htatéAZIGWhiH & 5€ fonized édmpfises an inlet
channel 12 through mdich ligeid wwhictugan b iortized i ean BowHihenthreughpas mass of gee liquid

flowing in througgﬁhef_'ﬂgg} ph@ﬂgeltggrig@&j}&}gd M@sas contral 10 vgh/&]i?ﬁar}q Eﬂﬁeq Jinto the tube

4. An electrode 14 which is ggrlarllzed as acathode is located in the centre of the tube 4, and an

electrode 15 whichFiR4 thE #6rmiBR&T afdde RAbcdted tanGsMNCHIFWitht FespetCRdthislin order to
form a distharge patte The Emelectrodes $4d15 ateocomrectedto the électrd¢alct rode 14

which 1s polarized as a cathode 1is located in the
centre of the tube 4, and an electrode 15 which is in
the form of an anode 1is located concentrically with
respect to this in order to form a discharge path. The
15 electrodes 14, 15 are connected to the electrical
supply device 6. The throughput mass flows through the
inlet channel 12 via the control valve 13 into the tube
4 in the magnetic nozzle 1. The magnetic nozzle 1 1is
constricted in a pulsating manner by the effect of the
20 Alfvén waves that are created, thus resulting in an
acceleration mechanism. The ion density at the input to
the magnetic nozzle 1 <can be increased wvia the
discharge path which is formed between the electrodes
14, 15. The individual components can 1in turn be
25 controlled 1in a corresponding manner by a control
device 7. A magnetohydrodynamic wvariant such as this
may, for example, be used to form a propulsion system
for submarines, or a drive for hydrodynamic pumps. In
this case as well, a shielding plate is advantageously
30 located alongside the secondary coil 3, shields the
electronics from the magnetic field and prevents
expansion of the magnetic 1lines of force in the
opposite direction to the primary coil 2. Even 1if
magnetic shielding 1is not completely ensured by the
35 shielding plate 5, electrical shielding 1is always

provided in this way.

One practical example will be explained, and the



supply device 6. The throughput mass flows through the inlet channel 12 via the control valve 13 into
the tube 4 in the magnetic nozzle 1. The magnetic nozzle 1 is constricted in a pulsating manner by
the effect of the 20 Alfven waves that are created, thus resulting in an acceleration mechanism. The
ion density at thmonR@as /Geanagnetic nozzle 1 can be increased viechgadizobargeonsh 3vhich is
formed between the electrodes 14, 15. The indivigu§l4co_mponents can in turn be 25 controlled in a
corresponding manner by a control device 7. A magnetohydrodynamic variant such as this may, for

example, be used.10.farma propulsion; sysiems fof submayjnes, orgdrive farhydrgdynanic pumps. In
this case as well, a shieldirrl?? %Iate is advantageously 30 located alon}%side tge sec;ndary coil 3,
t

shields the electrdRicsrif the TadHeti& field ARd prévents "Sxpahdion st the Waghietic lines of force
in the opposite direction to the primary coil 2. Even if magnetic shielding is not completely ensured by
the 35 shieldingater®; glectrigal shiglding ds alwaysi peovideeiindhisway. Onenprastiealexample will
be explaine,gj, andl ;[nhuel\évo 3905/%%75115412 PCT{QTZ&%/OO%%%% -rza deterrpnien&qarrnl%%suredfvalues will
be compared with S|muFa]fed valfues, with reference to F?gures% {6 9. The most |mporr?an
mathematical pftiples BEnurhBREE S Sifulaiion relating tBRhe heeelerafiohecHanisief MOA are
summarized in & simplifiedfoma st the following text. The phase velocity of an Alfven wave can be
calculated 10 in accordance with the Hannes Alfven equations either from the charge density or from
the mass density of the medium through which the wave passes. In the present case, because of the

relationship with' the tRFUGRpUE hiasstet athofr, the VERANMFItF mass dBRsifyAs s préidrred:

10 in accordance with the Hannes Alfvén equations either
from the charge density or from the mass density of the
medium through which the wave passes. In the present
case, because of the relationship with the throughput
mass of a motor, the wvariant with mass density 1is

15 preferred:

Valfven = c/sqrt (1+ ((go.c’.phi) /B?)) (1.1)
where:

20
c = speed of light in a vacuum
o = magnetic field constant
phi = mass density
B = magnetic flux density

25
In this case, 1t should be remembered for the mass
density phi that the mechanism operates in a pulsed
manner. Thus:

30 phi = (M/f).(1/vol) (1.2)
M = mass flow per second
f = oscillation frequency of the magnetic field
vol = volume of the magnetic nozzle

35

The mass per oscillation clock cycle is thus also a
critical factor for the relationship between the mass

and the volume.



VAlfven = c/sgrt (1+((-Po.c2.phi) /B2) ) (1.1) where: 20 c = speed of light in a vacuum -Po = magnetic
field constant phi = mass density B = magnetic flux density 25 In this case, it should be remembered
for the mass density phi that the mechanism operates in a pulsed manner. Thus: 30 phi = (M/f).(1/vol)
(1.2) M = mass fiowgmo sg02nd 4 oscillation frequency of the magretit fiekb ook 7 vobsue of the
magnetic nozzle 35 The mass per oscillation clock cy le is thus also a critical factor for the
relationship between the mass and the volume. WO 2005/027142 PCT/AT2004/000313 - 25
However, technical factors must also be taken into account if the form of the magnetic field changes.
The signal response time and the cut-off frequency of the 5 secondary coil 3 gavern the time period
which is require%ﬂ%?Ygﬁr‘iatiotneé}%écsae]coné]ﬁﬁ;ﬁ i5. TREFAte &t Whick the badmétry'SftRe primary
field changes magcleifess thartthe alctuwal Avert RelotiapvAliven Sineédthelspeddvf pidpagation of
the disturbance saysed by-494he secondasy coil3 inHbe field gepmetryofthe primary figld is critical,
the time cogstant taunn&ust also b takgn into accounh;dgd i§ g;lveen l}%}chieo (5"3"3{5}89%@{93 %55 tau =L/R

. SeCO c overn
where: L =inductance of the coﬁj( A1) d
required for formation of the secondary field. The rate

at which the geometry of the primary field changes may
be less than the actual Alfvén velocity Vairven. Since
the speed of propagation of the disturbance caused by
10 the secondary coil 3 in the field geometry of the
primary field is critical, the time constant tau must

also be taken into account, and 1s given by the

relationship:

15 tau = L/R (2.1)
where:
L = inductance of the coil

20 R = resistance

The switching time ts of the secondary coil 3 is:

ts = tau.2.Pi (2.2)
25
and the cut-off frequency fyg of the secondary coil 3
is:
fqg = 1/ts (2.3)
30
The "technical" Alfvén velocity vVaisven depends on how
quickly the disturbance propagates, governed by the
charging time of the secondary coil 2, and is:
35 Valfven = distance/t (2.4)

where the distance describes the propagation path of

the Alfvén wave as the mean deformation path of the



20 R = resistance The switching time is of the secondary coil 3 is: is = tau.2.Pi (2.2) 25 and the cut-off
frequency fg of the secondary coil 3 is: fg = 1/ts (2.3) 30 The "technical" Alfven velocity vAlfven
depends on how quickly the disturbance propagates, governed by the charging time of the secondary

coil 2, and is: 3wWoAhonB7 alistaace/t (2.4) where the distance describes faerpopagetios path of the
Alfven wave as the mean deformation path of the WQ 2005/027142 PCT/AT2004/000313 - 26 field. If
this technical Alfven velocity is less than the physically possible Alfven velocity, then vAlfven(t) is the

relevant value. & iTQ%At'fVE'% V%'H‘?Lié)/ _Vc“é%ﬂi@éﬂ d%fh”ﬁé}{)v‘b_%‘ii%@ﬂ magnetc field can Change
its geometry. However, it is , now criticall ortant that material can also be transported, at least in

im
the high fieid dehgfty &re&> ]bflarﬁéénspoqgﬁé&WeMVSPASVﬁ%ogI%é/dy beeR L0 fhetitiohied above,
the Alfven limit mastbe takeheinto aceednt<for this purpose, which is exceeded when the kinetic
energy of an interacting particle is greater than the local magnetic field strength. For this purpose, the

kinetic particle energy,mustfirst of all 15 be determined from the initial temperature. The thermal
particle veltlgccitye%g%iveAnTﬁy:&P k. @%ﬁczl rﬁ.v¥?§f72“(3ﬁ3véogr]e: temp A

. . . emper%?u“?e ﬁu:llg]él%ifman.n constant m
= particle mass YFE farticle etdcity @5 THERiREGC parficle Eerdy €an HeWDErelated totthe

now critically important that material can also be
transported, at least in the high field density area,
by means of the Alfvén wave. As has already Dbeen
10 mentioned above, the Alfvén limit must be taken into
account for this purpose, which 1is exceeded when the
kinetic energy of an interacting particle is greater
than the local magnetic field strength. For this
purpose, the kinetic particle energy must first of all
15 be determined from the initial temperature. The thermal

particle velocity is given by:
T.k.(3/2) = (m.v?) /2 (3.1)
20 T = temperature
= Boltzmann constant
= particle mass

VT = particle velocity

25 The kinetic particle energy can now be related to the
field strength:

Kinetic particle energy = (m.v:%) /2 (4.1)

30 Limit value = energy density of the field

= (no.B%) /2 4.2)
o = magnetic field constant
B = magnetic flux density

35
If the kinetic particle energy is less than the limit
value, mass transport by means of the Alfvén wave is

possible.



field strength: Kinetic particle energy = (m.vT2)/2 (4.1) 30 Limit value = energy density of the field =
(Ipo.B2) /2 4.2) }PO B 35 magnetic field constant magnetic flux density If the kinetic particle energy is
less than the limit value, mass transport by means of the Alfven wave is possible. WO 2005/027142
PCT/AT2004/0G63130087 olzthezase of the magnetic nozzle the mechaniralosaly doassare formed
by particles which circulate around the lines of force ig the area of high field density. 5 These Lorentz
particles transmit the so-called JxB forces to the enClosed volume and scatter the particles which are
attempting to leave the enclosed area, such that the material which is located therein can escape
only from the nozzle gopening. In this case, it should 10 be noted that there must be a minimum density

of Lorentz particiés aiohg e magnetie hoZ5d WaisFor* i niechafishts bher s effdtively. If this
condition is notisatisfied, @ afmass Jossocaws dirihgthevlcompression) partcukrlyin the event of

incomplete 15 ianization of the,emissiondnass, baeausedhe pezzia yvalls ase Jleaky:'s This effect can
be describesd a;}%roximai'f(l;/rg1 Lollows(;}l J.=JOX (5']t)r2a0n‘] :.ucnior%i%ed mass oflrfgc?inignggas which

. Se rticle Sm1 SO—
remains inthe endiosed volume, 30 iporlglna {otal mass of unionized gas inthe enclose volume, 25

x = loss factor, WRiERGfcli@esthe rafi6 befifeervolume and scatter the particles

which are attempting to leave the enclosed area, such
that the material which is located therein can escape
only from the nozzle opening. In this case, it should
10 be noted that there must be a minimum density of
Lorentz particles along the magnetic nozzle walls for
the mechanism to operate effectively. If this condition
is not satisfied, then a mass loss occurs during the
compression, particularly in the event of incomplete
15 ionization of the emission mass, Dbecause the nozzle
walls are "leaky". This effect <can be described

approximately as follows:

J = Jo° (5.1)
20
J = unionized mass of remaining gas which remains
in the enclosed volume,
Jo = original total mass of unionized gas 1in the
enclosed volume,
25 X = loss factor, which includes the ratio between

the minimum and the actual ion density, and can also be

described as the effective cross section.

J and Jg can 1n this case be represented as a value of
30 x of 1. These parameters are important only when the
ion source or plasma source does not ensure a complete
or adequate ion density. Since the actual acceleration
mechanism is decoupled from this source, the latter can
be optimized, 1in energy terms, to the production of a
35 minimum ion density. This is a secondary parameter for
the mechanism itself, but it must be taken into account

if appropriate.



the minimum and the actual ion density, and can also be described as the effective cross section. J
and Jo can in this case be represented as a value of 30 x of 1. These parameters are important only
when the ion source or plasma source does not ensure a complete or adequate ion density. Since the
actual acceleratwn Zoadanesm 42decoupled from this source, the lapter zam2i0® 2pOOOZEDR in energy
terms, to the production of a 35 minimum ion density, This is a secondary parameter for the

mechanism itself, but it must be taken into account i E<5;1p|5ropriate. WO 2005/027142

PCT/AT2004/000313 1128l the magneticfield changes dts form, so that the,magnetic pozzle
becomes narrower, spatjal compression of the mass located in it takes place, with the compression
rate correspond%aggf&etﬁéﬁlf@éjlgéél%ci@?\(mﬁ\?enWi%oigeg?éategﬂﬁgﬁ He SPEUATSIE_LRT within the
emission mass, ®en theelatter iss indlasticadyl confpressed, vitkiels leadsaocorrespbhdingh thermal
excitation in the casg.of aniideally plastic gasheds dOnthedNewdar's foree eguationsas shown below,
can be used as the basis for determination of the energy, supplied by inelastic compression, as
follows: 15 F = NI @7 (2.dq%) %f/ﬁh%?e F2 forbe 20 M = n}éggsrp v :Jcet\}glocﬁ%?é ine asti%o&le?%rmation
distance derived’as folfows: 795 (6.1 1= ML QPR 2/ T2-Bef) ) =WMevR2/42S (dI/diefasHy ) (62 where Def

represents the determaatton-tactor fardheressed, which leads to corresponding

thermal excitation in the case of an ideally plastic

gas body.
10
The Newton's force equation, as shown below, can be
used as the basis for determination of the energy
supplied by inelastic compression, as follows:
15 F = M. (v?/(2.d1)) (6.1)
where
F = force
20 M = mass
= velocity
dl = inelastic deformation distance
derived as follows:
25

F = M. (vg’/ (2.Def)) = M. (vs’/ (2. (dl/dleiast))) (6.2)

where Def represents the deformation factor for the
ratio of the force supplied by means of an impulse to
30 the force which can Dbe transported elastically and
results from this. vy describes the Ay, that is to say

the velocity change along a reference distance of 1 m.
All of the variables which are related to the original
35 equation can be derived in a corresponding manner from

this factor, as follows:

Def = Find/Fres = Vindz/vres2 = Iind/Ires = dl/dlelast (6.3)



ratio of the force supplied by means of an impulse to 30 the force which can be transported elastically
and results from this. vR describes the Ov, that is to say the velocity change along a reference
distance of 1 m. All of the variables which are related to the original 35 equation can be derived in a

corresponding rnmanieardByto 2thissfactor, as follows: Def = Find/Fres pengdAresd z A000/5Es =
di/dleiast (6.3) 2 WO 2005/027142 PCT/AT2004/00 %13_ - 29 where dleiast represents the elastic
component within the overall deformation distance. 1 the case of fully elastic deformation, Def thus
always has the value 1. 5 It is thus clear that a dimensionless factor can be defined from the ratio of

the path lengths. If lind represents the impulse which is supplied by the Alfven wave, then Ires is that
component of tHISHICH 10'can BEHARSOHSH BIASHEAR By Hhe COMGTAE84d “Meitrh, TA8F =

lind-Tres (6.4) 1&vis tlads thatebeporient of thel stipplied -impulse Wikch i eenverted o rkaversible

deformation. In thesease-of @asesand plasmas As idead plastic.badies withowt any 1skear modulus all
of this inela§tic formatic%r}llhsS cocq/ggtgd ;qug%at.azo hus, if the ﬁpeed oggggnd inCtQ(ra1 r%egium to be

1 1mehsionless, T .
compressed and the Alfven velocity are known, then the impulse disfribution factor can be determined

from them. SinéebéitriRe mass pérosdilation otk eydhe 2B ahitfieiass of a particle are known,

the mean impulse change, and thus also the mean patrticle velocity and the temperature, can be

determined from the numberofparieles and taeipmass. 30 108 new spsghalspupd inthe plasmais
us obtaine
Alfvén wave, then I,.s is that component of this which
10 can be transported elastically by the compressed

medium.
Tger = Ting=Ires (6.4)

15 is thus that component of the supplied impulse which is
converted to irreversible deformation. In the case of
gases and plasmas as ideal plastic bodies without any
shear modulus all of this inelastic deformation is
converted to heat.

20
Thus, 1if the speed of sound in the medium to be
compressed and the Alfvén velocity are known, then the
impulse distribution factor <can Dbe determined from
them. Since both the mass per oscillation clock cycle

25 and the mass of a particle are known, the mean impulse
change, and thus also the mean particle velocity and
the temperature, can be determined from the number of

particles and their mass.

30 The new speed of sound in the plasma is thus obtained

from the new temperature:
Ve = Ve.sqgrt (1 + (Te/Ti)) (7.1)

35 where

Ve ion speed of sound

Vi = mean particle velocity of the ions



from the new temperature: vc = vt. sgrt (1 + (Te/Ti) ) 35 where VC = ion speed of sound vt = mean
particle velocity of the ions WO 2005/027142 PCT/AT2004/000313 - 30 Ti Te ion temperature
electron temperature In the simplified model, the ion temperature and the 5 electron temperature are
assumed to be the =006 /0Taatxce, the electrons are at a higher tepquetateze othaodbe ias, so that
unification of the temperatures can be regarded as "worst-case" assumption. Although the distribution
of the impulses in the plasma depends 10 on the mass of the particles and the electron gas therefore
does not make yp a significant propextign of -the overall impulse, it can be assumed as a further
worst-case condition that the electrons make up a greater proportion than they actually should on the
15 basis of theirmass. The in?plLﬂgé58%p%%@ﬁ?6ﬁ%8rﬁhotons in the plasma can thus also be
included. By calculation, the ions are in this case given a smaller impulse per particle, which reduces

the resultant ionr speeg-of soupd.i@n dhe basis of the assumption dhata-20 gaseausdody in a vacuum
expands atg'ts ow. Ségce]g-)dnof S&Hngr‘é"% utgus obrt%in frcs)rsnumies dth% mean ouctl}% flow r}{éalociEynfrom the
magnetic nozzle. Since the pTasrﬁa expan(eils (?urlng the compression Shase itself At its own rising
speed of soundPWa it i€ caselbbtaft& 251 on3iderable propartichi6fiRE tota RISt pBWer just from
this. This results: inainitiahandifinad values foradbe weonipressionrphase by dhe: Aliven wavekiring one

clock SOcyde.égpeﬁgghpgaQRﬁQ@bggea%g@ggg%ase" assumption. Although
the distribution of the impulses in the plasma depends

10 on the mass of the particles and the electron gas
therefore does not make up a significant proportion of

the overall impulse, it can be assumed as a further
worst—-case condition that the electrons make up a
greater proportion than they actually should on the

15 basis of their mass. The impulse component of the
photons in the plasma can thus also be included. By
calculation, the ions are in this case given a smaller
impulse per particle, which reduces the resultant ion
speed of sound. On the basis of the assumption that a

20 gaseous body in a wvacuum expands at its own speed of
sound, we thus obtain from this the mean outlet flow
velocity from the magnetic nozzle. Since the plasma
expands during the compression phase itself at its own
rising speed of sound, we 1in this case obtain a

25 considerable proportion of the total thrust power Jjust

from this.

This results 1in initial and final wvalues for the

compression phase by the Alfvén wave during one clock
30 cycle. Since the impulse can be described as:

M.v = F.t (8.1)

it is possible to integrate over t as the propagation

35 time of the wave.

The compression phase is resolved into time steps, thus

resulting in profiles of the temperature and speed of



M.v = F.t (8.1) it is possible to integrate over t as the propagation 35 time of the wave. The
compression phase is resolved into time steps, thus resulting in profiles of the temperature and speed
of WO 2005/027142 PCT/AT2004/000313 - 31 sound. In this case, the same principles are used as
in the describesgrove@iisabanatam. The mean temperature, the outtetfipnresoadpoand il thrust
during the compression phase are then determined f§ m 5 the profile date. The expansion phase
which follows the compression is likewise assumed 10 be adiabatic. In this case, however, and in
contrast to the compyassien phase, ngdmpulsgexternally, suppligthhythe Alfven. wave need be

resolved, for which reason this ¢can he 10 calculated from the volume change during the expansion

time. T = Ta. ( (VAR/) ad 135WRere" T = tefpefatire after &xpansion °Fa = initfal tempdiatiite Va =
initial volume 20&medinakvalame bdes aelidbatic eXxponent@LDclhtthis ease ddwellt thergdlume

change is integratgd; i tirng stepsmisemswhish the cereesponding meanvaluas: 26arerthen
determined fron%ﬁhee Irgo(f?ijlﬁlls&go&ghgetim% distribution, it shouig be noﬁ,tcledci{;;f ti}igl ase th@%an

oscillation (ﬁock cycl ided In acéord%%cgﬁt%qﬁé%%age agse%mmé rly of acon roovfssigna?30 into a

off phase and a&WitehRiRSpitase, dhd ahkasinmetre HaBeeyclewitha sReHeY G plase has been
found to be advantageous in, thissasee buriag theioff phase athiat isdo say theotnjiied skuation, in which

the SecondaryCgﬂa?’sié,nmrpoo'aﬁiﬁ%%-ﬂns@e 8&‘8%%%"51113/ supplied by the Alfvén

wave need Dbe resolved, for which reason this can be
10 calculated from the volume change during the expansion
time.

T = Ta. ((Va/V)2 (9.1)

15 where:

T = temperature after expansion
T, = initial temperature
Va = initial volume
20 % = final volume
ad = adiabatic exponent

In this case as well, the volume change is integrated
in time steps, from which the corresponding mean wvalues

25 are then determined from the profiles.

For the time distribution, it should be noted in this
case that an oscillation clock cycle 1is divided in
accordance with the phase geometry of a control signal
30 into a off phase and a switching phase, and an
asymmetric duty cycle with a shorter off phase has been
found to be advantageous in this case. During the off
phase, that 1is to say the initial situation, in which
the secondary coil 3 1is not polarized in the opposite
35 direction to the primary coil 2, does not result in the
primary field being deformed by the secondary field,
and plasma flows from the source into the magnetic

nozzle. The switching phase is divided into a



35 direction to the primary coil 2, does not result in the primary field being deformed by the secondary
field, and plasma flows from the source into the magnetic nozzle. The switching phase is divided into
a WO 2005/027142 PCT/AT2004/000313 - 32 compression phase and an expansion phase. During

the compressiongpzEses fieemagpetic nozzle is deformed by the sepamgaryXmict A0d ¢i3a plasma is
heated by inelastic compression, as a result of which jt expands 5 in an accelerated manner during
this process. During the expansion phase, the magnetic nozzle remains deformed by the secondary

field, and the heated plasma, expandsdurng, the expansion and iscooled deyy inthe focess. 10
The peak values which occur durm%‘ghls process are greater than the mean values calculated over

the time periodS TR TSR thB Gt Stiast Miust afEo e fakély dhto actSurit it tHefdart Values
during one entireh&5 oseéittatishelock Eyelé dThevalues tfier thristaind outlet flve vefotity lave then

calculated for thedime sit ©f eneseserd.20, Examples-telating torsimulatian Twosaleidation

examples are cgrrqpared below ghetﬂé%{ column shoo\{vsra numﬁ)lﬁr. of values for a c%ngyuratlon in the

low power area, Whi&nha%ca(freeladf/%een tested 25 exﬁlerllrﬁgnta ylvsithpargrco?gtflbe seeb%?ow). The
second columntSHowstkKe EofreSpondiigValues fora cBRfigtfatich intAE pldhnedHigh-podwer area.
In the first casejaitrogesds agsuned tohe thiaworking=gas. Argdntisassisned to bea thenworking gas

in the high- 30 power,yatiat, WP,2Q05(02.4142 -33 WWorking gas ¥olumae ofmiagnetic ppzzie
process.
10
The peak values which occur during this process are
greater than the mean values calculated over the time
periods. In this case, the off phase must also be taken
into account 1in the mean values during one entire

15 oscillation clock cycle.

The values for thrust and outlet flow velocity are then

calculated for the time unit of one second.
20 Examples relating to simulation

Two calculation examples are compared below. The first
column shows a number of values for a configuration in
the low power area, which has already been tested
25 experimentally with a prototype (see below). The second
column shows the corresponding values for a
configuration in the planned high-power area. In the
first case, nitrogen is assumed to be the working gas.
Argon 1is assumed to be the working gas in the high-

30 power variant.



Mass/second Frequency Field strength Initial temperature of the throughput mass lon mass

m Mean propagation distance of the Alfven wave, depending on the field geometry
correspgngdings9 d2%1 Mass/frequency Mass density phi from 1.1.: VAlfven From the cut-off
frequency, which is dependent on the characteristics of the colil, 2.4 results in: Valfven(t) for a

speed of sound in the initial situation of v, 6.3 results in a compressibility fattor of
PCT/AT2004/000313 1st Example 2nd Example N2Ar 3.142.10-53.142.10-5m3

1.0.10-61.0.10--kg 1.0.10-21.0.10Hz 5.0.10-26.5.10-3T 1.0.1023.2.104K
2.335867551.10-265.977908.10-26kg 1.5.10-21.5.10-2m 1.0.10-81.0.10-13kg 3.1826.10-43.

182 6.10-9kg/m3 2.4998014.1031.02765843.105m/s 1.79049306. 1031.02765843.105H/s ~X3mple

5.9557800811026765915895 103m/s WO 2005/027142 - 34 N»
Volume of magnetic nozzle 3.142.107°
Mass/second 1.0.10°°
Frequency 1.0.107°
Field strength 5.0.1072
Initial temperature of the throughput mass 1.0.10°
Ton mass m 2.335867551.107°°

Mean propagation distance of the Alfvén wave, depending

on the field geometry 1.5.107°
corresponding to 1.2:

Mass/frequency 1.0.10°°

Mass density phi 3.1826.10°"
from 1.1.:

Valfveén 2.4998014.10°

From the cut-off frequency, which 1is dependent on the

characteristics of the coil, 2.4 results in:

Valfvén (t) 1.79049306.10°
for a speed of sound in the initial situation of
Ve 5.95518008 10°

6.3 results in a compressibility factor of

PCT/AT2004/000313

2nd Example
Ar

.2.104
.977908.1072°

O W o R kW
ol
'_\
o
e

1.5.1072

1.0.107%3
3.1826.107°

1.02765843.10°

1.02765843.10°

6.65915895 10°

kg
Hz

kg
kg/m’

m/s

m/s

m/s



Def and an overall impulse of supplied during propagation time of the Alfven wave of results,
according to 6.4, in a thermal impulse of: which leads to a mean thermal particle velocity of
VT angéhyspo @i to 7.1, in an ion speed of sound of: V, The integral between the initial
value and final value of the speeds of sound results in a mean value during the compression
phase of From the expansion phase, 9.1 results in a final value of and an ﬁﬂegrated mean
value of: Overall, this results in a mean expansion velocity of: If the ion component is: and the

throughput mass per oscillation clock cycle is M we obtain an unionized mass of remainigg 973057 . 10°
gos bt el cloc cule o e gocoing o 5. ancisionmss s ele, 5 1
2.094228%613:81B110-9Kg /SIS ATE806 4. LOvB 41 57hE0-B fvén wave of 8.37758064.10°°
1.8625592,10-81.4993:1Q:9Kg-m/s 4623116478:1021:531L6. 1098 se of: 1.8625592.10°°
5.9837706(%1 ZeZai 66 .105m/se5.96947535. 021. 1631105%/ ocity of
3 7189054 10T E IS0k T0SmIE T ba 115008 1031 8255 HOSACS LY 2
3.50228722.1021.3144.105m/s 1.0100.0% 1.0.10-81.0.10-14kg 9.9.10-10.0.100kg ~ 4-23116478.10
9.9121818%n10: 91 D> #4kg WOR0051024k422n ion speed of sound of:

Ve 5.98377061.10°

The integral between the initial wvalue and final value of

the speeds of sound results in a mean value during the

compression phase of 5.96947535.107

From the expansion phase, 9.1 results in a final value of 3.71829384.10"

and an integrated mean value of: 1.04113686.10°

Overall, this results in a mean expansion velocity of: 3.50228722.10°

If the ion component is: 1.0

and the throughput mass per oscillation clock cycle is

M 1.0.107°

we obtain an unionized mass of remaining gas ©per

oscillation clock cycle of: 9.9.107°

and, according to 5.1 an emission mass that is relevant

for the thrust of 9.912181891.10°°

PCT/AT2004/000313

= N

1.5316.

2.1660.

1.1163
1.2964
1.6229.
1.3144.
100.0

.38154512.10°
.5.107°

.6157.10°°
.4993.107°

10°

10°

.10°
.10°

10°
10°

1.0.107*

0.0.100

1.0.10°*

kg.m/s

kg.m/s

m/s

m/s

m/s

m/s

m/s

m/s

o\

kg

kg

kg



- 35 per oscillation clock cycle including the ion component, which results in an emission

mass that is relevant for the thrust per second of This results in a mean thrust during the

comprgssiag @b/ §9HRg she expansion phase of together over the switching phase and PCT/AT2004/000313
permanently of: The time components of an oscillation clock cycle are composed of: Time

per: Oscillation clock cycle Zero phase Switching phase With the switching’phase being

divided into: Compression time Expansion time PCT/AT2004/000313

9-912?%1§9é§@i111-9t1§o%k9c§éé§2c1 Al 1163.10-:2N,9.49¢06.10:01 8409, 102N,

9.572385,10-51.3799.10-2N 4.78619269.10-51.31448.10-2N 1,0.10-21.0.10-7s

5.0.10"35-6110°93%10 10-355. 101 8§ B 37758064"16:64 618 75.16-88 469169247 16-34.88424

10-8s W© 2005/027 142:PCT/T2004f000313 - 36 A symmetrical duty cycle is used iP##l2181891.107"  1.0.107" kg
first exampler €oresponging tenthe exparimental eqndjtienss Whilean asysynetric phases452 .10 1.1163.107° N
geome&lrlyrils usetg}ggr 8a|CU|r?.ti8g in t_ﬂe S§eec8Qd example. 5 Because of the stated WOrsCase o - ;- 1 6229 102 N
conditions; the valies fisted in tﬂe]%rs‘?t column are less than those actually . .
together over the switching phase 9.572385.10 1.3799.10 N
and permanently of: 4.78619269.107° 1.31448.10°2 N
The time components of an oscillation clock cycle are
composed of:
Time per:
Oscillation clock cycle 1.0.107° 1.0.1077 s
Zero phase 5.0.107° 5.0.107° s
Switching phase 5.0.107° 9.5.10°° s
With the switching phase being divided into:
Compression time 8.37758064.10°° 4.61575.10°° s
Expansion time 4.99162242 10°° 4.88424 10°° s



measured. The permanent thrust was in this case measured to be 1.4 mN. In this case, it should be
noted 10 that boot-strap effects, such as the component of the cold-gas thrust and the effect of the ion
source, have not been included in the calculation. However, these effects were insignificant in the

measurement sinoebe s5igozpuace was operated, for example, with oTRIRTDAPWEDELE W, so that
this made no significant contribution to the increase r% the ion temperature. Various reference ion
densities are assumed in the simulation, and with various mass flows, related to a 20 low ionization

rate of 1%. Thelﬁaéﬁﬂﬂé%eéi\@@ifh QGeY 996@% this process ag ay ﬁgul%qfriggoi@gggbqgansion are
mainly responsible for the respnance areawhlch was observed d%%[}?ﬁthe measyrement and

indicates a thruStCifitURA ThH{Ke operating aré® afodie 400 HZC &Bferentlion défsities are
values extrapolaesrfremithe datadeem othentPD systemssand define telionl dénasity which is the
minimum required én gedeste conply with the condition defined from the second limit 30 value. If the
ion sourcedgr plasma source is sufficiently powerful as a secondary system in order to ensure the
corresponding minimum ion density, there is therefore no need with the present system to achieve
complete ionizafi6 fist By MedriCofd SECThdAP) SYStEMS35 SGEIas Hi8S3inEEsin Cohtast to
competitive syslemsctheiactual@ceelesationomechanism dpesateshindepandentlyafithe ign source or

plasma source, the required ar_:fag_gnt qj_eeﬂggggéfpg thet@{_tg_ggan @5’59 be;WO 2005/027142
PCT/AT2004/000313 - 37 optimized with respect to a minimum in other power areas. The

improvement in5& 8fciehcy IhTedulfs Tom His had & Sositire difect o theRom et &% overall

system. 510 that boot-strap effects, such as the component of the
cold-gas thrust and the effect of the ion source, have

not been included in the calculation. However, these

effects were insignificant in the measurement since the

ion source was operated, for example, with an input

15 power of 1 W, so that this made no significant

contribution to the increase in the ion temperature.

Various reference i1on densities are assumed in the
simulation, and with wvarious mass flows, related to a
20 low ionization rate of 1%. The mass losses which occur
during this process as a result of incoherent expansion
are mainly responsible for the resonance area which was
observed during the measurement and indicates a thrust
minimum in the operating area around 400 Hz.
25
The reference ion densities are values extrapolated
from the data from other MPD systems and define the ion
density which 1s the minimum required in order to
comply with the condition defined from the second limit
30 value. If the ion source or ©plasma source 1is
sufficiently powerful as a secondary system in order to
ensure the corresponding minimum ion density, there is
therefore no need with the present system to achieve
complete ionization just by means of a secondary system
35 such as this. Since, in contrast to competitive
systems, the actual acceleration mechanism operates
independently of the ion source or plasma source, the

required amount of energy for the latter can also be



Fundamentally, it is evident that there is a good match between the theoretical predictions and the
practical results. Since the simulation is carried out with worst-case conditions and the experimental
measurements 10 are actually quantitatively higher, while the qualitative profile matches, it can be

expected that tiwe peadicigdaesuls can also at least be achieved in sle higheo @oyneo @eaa 15 Figure
6 shows a block diagram of the test layout in which §7Dr9totype of the device according to the
invention was used in practice to generate Alfven waves. The device 20 for generation of Alfven

waves aCCOfdierp‘@i‘H? %gse@tiig}{engggﬂg\@@bolaggd by means2Q:0f a,suspension SYRiem ina
vacuum chamber 21, and %/\Aas connected to a device %for%)roduction of material Whiclcould be

ionized, in the prsent case ‘& nitt8geR "Eiinder, via lihaS with VaveS which Wil ndtBe" ekPlained in
any more detail fFieis wab doné asing the @5vacuemahaatder artie Fataly fonSpaceflight
Technology at the Munich Teghrigal University in Garching. The distance d to the device 20 for
generation of the Alfven waves was determined using a laser reflection meter 22. Appropriate
computer 30 facilities 23, 24 monitored and controlled the components of the test layout. Figures 9a to

9c show schematié: et diagrams dftheS sGIPeiivn systémfbeiR device 20R5t geheration of 35
the Alfven wavesdn e vactne chiasther 2l and thes deternvnationrod thetferce over theadistance d

determined by the laser reflection meter,ge. The, equation, WQ 2000/02/142 PGTATZ004/000313 -

38 sinX = 8/1 can be derived from Figure 9b. Using the sketch shown in Figure 9c, relating to the
kxceremﬂonshmgrﬁg;ﬁmﬁﬁsqﬁ&gl ions and the experimental measurements
10 are actually quantitatively higher, while the

qualitative profile matches, it can be expected that
the predicted results can also at least be achieved in

the higher power area.

15 Figure 6 shows a block diagram of the test layout in
which a prototype of the device according to the
invention was used 1n practice to generate Alfvén
waves. The device 20 for generation of Alfvén waves
according to the present invention was placed by means

20 of a suspension system in a vacuum chamber 21, and was
connected to a device 8 for production of material
which could be ionized, in the present case a nitrogen
cylinder, wvia 1lines with wvalves, which will not be
explained in any more detail. This was done using the

25 vacuum chamber at the Faculty for Spaceflight
Technology at the Munich Technical University in
Garching. The distance d to the device 20 for
generation of the Alfvén waves was determined using a
laser reflection meter 22. Appropriate computer

30 facilities 23, 24 monitored and controlled the

components of the test layout.

Figures 9a to 9c show schematic circuit diagrams of the
suspension system for the device 20 for generation of
35 the Alfvén waves 1n the wvacuum chamber 21, and the
determination of the force over the distance d
determined by the laser reflection meter 22. The

equation



F=-FRG=m.g=FR+FS sin06 =-F/G 10 F = -m.g.sincx 15 Finally, the resultant force F is
obtained from: F =-m.g.8/l. The measurement procedure was characterized by the following steps: 1.
Start up the vacuum chamber 20 2. Determine the distance d (zero indication) 3. Switch on the gas
supply 4. Set thaopeonBywo@esazre 5. Open the switching valve 25pg1Qhacioihe foes3as within the
vacuum chamber 25 7. Determine the distance d 8. Start up the ion source 9. Determine the distance
d 10. Start up the primary coil (with a time limit) 10.1°Set the primary coil time limit (because of 30
excessive temperatyre) 1§,2 Set the primary coil voltage 11. Determine the distance d 12. Start up the
secondary coil 13. Determine the distance d 35 14. Monitor the primary coil temperature 15. Switch off
the primary coil and secondary coil and allow them to cool down 16. Determine the distance d WO
2005/027142 PCTAT20041/0003¢3 - 3go17. Siditchoffthe idhssarrce 8. Betsratinesthevdistance d
19. Switch off thergasisppply 2@, Determinerthe distange d 0 thertestsi earsied o4 sa far, the

experiment. . 14 o ot

F = -Fg
G =m.g = Fr + Fq
sina = -F/G

10 F = -m.g.sino

Finally, the resultant force F is obtained from:

F = -m.g.d/1.

15
The measurement procedure was characterized by the
following steps:
1. Start up the vacuum chamber
20 2. Determine the distance d (zero indication)
3. Switch on the gas supply
4. Set the operating pressure
5. Open the switching valve 25
6. Check the pressure within the vacuum chamber
25 7. Determine the distance d
8. Start up the ion source
9. Determine the distance d
10. Start up the primary coil (with a time limit)
10.1 Set the primary coil time limit (because of
30 excessive temperature)
10.2 Set the primary coil voltage
11. Determine the distance d
12. Start up the secondary coil
13. Determine the distance d
35 14. Monitor the primary coil temperature
15. Switch off the primary coil and secondary coil and

allow them to cool down

16. Determine the distance d



carried out on 28 May 2004 provided the final evidence that the mechanism works. Further secondary
parameters were introduced into the numerical simulation on the 10 basis of the evaluation. These
parameters relate primarily to the existing test situation. The cut-off frequency of the secondary coil 2

and the thrust wofilecsyiogrzipazation rate may be quoted as exappiea1500u¢o aiffarsnt plasma
sources were constructed for the prototypes of the dgvice 20 for generation of Alfven waves, and two
of these have been tested so far. It has thus also been possible to demonstrate that the actual 20

acceleration mechanisgy,gan.pe assessed indgpengdently of the ion source or plasma source. Figure 7
shows a device §§ for generation of Alfven ;waves using a high-voltage discharge path as the ion 25

source, with nitrogén 6&58%@%& Fvi i§’ Eﬁﬁﬁ?/ e and the switching valve 25 to the anode 27,

and high voltage%eingapplidd bétivearetheamotie 27 snd the cathode 29, as a result of which the

nitrogen N2 flowing threughis ierized By susges ekelgetrons in 30 the discharge area. Control
electronics 26, which are connected to a computer unit 23, are used to drive the primary coil 2 and

the secondary coil 3. Figure 8 shows a variant of the device 20 for 35 generation of Alfven waves with
a radio-frequen&fionF$6urce, irt @hich c&se theecorrespondifig radio-fregl@nc *&fergfeidt is required

to generate the materialavhich can besomzed s0supphed vieda dcadio-frequendy \AD 2005/827142
PCT/AT2004/000313 - 4Q. 96nerator 28 pefween the-anade 27 and theycathode, 29, In agcordance

with the induction law, a radio-frequency electrical vortex field is induced, which accelerates the
discharge electrdis Towdtis tiacctletatich 5 REthE¢E'S6 Until théy B niz8 th€ hitrb§&n N2.

10 basis of the evaluation. These parameters relate
primarily to the existing test situation. The cut-off
frequency of the secondary coil 2 and the thrust
profile at a low ionization rate may be quoted as
examples.

15
Three different plasma sources were constructed for the
prototypes of the device 20 for generation of Alfvén
waves, and two of these have been tested so far. It has
thus also been possible to demonstrate that the actual

20 acceleration mechanism can be assessed independently of

the ion source or plasma source.

Figure 7 shows a device 20 for generation of Alfvén
waves using a high-voltage discharge path as the ion
25 source, with nitrogen N, being supplied via a supply
line and the switching wvalve 25 to the anode 27, and
high voltage being applied between the anode 27 and the
cathode 29, as a result of which the nitrogen N,
flowing through is ionized by surges of electrons in
30 the discharge area. Control electronics 26, which are
connected to a computer unit 23, are used to drive the

primary coil 2 and the secondary coil 3.

Figure 8 shows a variant of the device 20 for
35 generation of Alfvén waves with a radio-frequency ion
source, in which case the corresponding radio-frequency
energy that is required to generate the material which

can be ionized 1is supplied via a radio-frequency



The prototype is designed for a low power range. The aim was to achieve a proof-of-principle and to
obtain fundamental data for further technical optimizations. 10 The appliance does not have an active
cooling system and was always operated for up to a maximum of 1 minute. The cooling was carried

out cumulativelyyso24es toea aecessary to take account of thermapds fageneraion oses/als
between the individual operating times. In the pra_cti%l investigations, the secondary coil 3 was
driven with a square-wave current signal, with the 20 oscillation frequency being 100 Hz. The flanks of

the square-WavgeSf{gQ%I%gre Slattenad, Jhe length of the. suspepsign devices far the deyjce 20 in the
vacuum chamber 21 was 0.44 m, and gl]e mass of the device 20 was 6%{$é%h§o€ressure in the
it

vacuum chamber 2 £\a8 3135 % 103" mbalS ThB Bperatiny pralsurd of en N2 Was 5 mbar.
Discrepancies vhiels torresgonded tea fdrce lof 1167 mNboukdlbe déterhined withethe taid of the

reflection meter22e 30 fhe mestd@portant ebaracteristic valbgs, determinegddye sinulation, of a
propulslon system ta&gggredn})gjt.outrp& nV&ngn are stﬂ%vr\{ril n tr%%gollg\iv%nr%gebrlle grQer tp illustrate the
potential of the dévice according to the invéntion for a propulsion system~and for direction 35

corrections for spacecraft. In this case, various media, such as argon, carbon dioxide, hydrogen, neon
and xenon wereTisedpwith cvaripas massiiaws Vethrofigh the fusl systermrandamsious aseillation

irequencies WO, 3005/027143 PCTAT0041000213. A el YAlyen tand the simylatign covered
the Alfven velocity the mean outlet flow velocity Vo of the fuel mass, the thrust, the overall achieved
: fundamental data for further technical optimizations.
efficiency 11,
10
The appliance does not have an active cooling system
and was always operated for up to a maximum of 1
minute. The cooling was carried out cumulatively, so
that it was necessary to take account of thermal

15 regeneration intervals between the individual operating

times.

In the practical investigations, the secondary coil 3
was driven with a square-wave current signal, with the
20 oscillation frequency being 100 Hz. The flanks of the
square-wave signal were flattened. The length of the
suspension devices for the device 20 in the wvacuum
chamber 21 was 0.44 m, and the mass of the device 20
was 6 kg. The pressure in the vacuum chamber 21 was 3.1
25 x 1077 mbar. The operating pressure of the nitrogen N,
was 5 mbar. Discrepancies which corresponded to a force
of 1.07 mN could be determined with the aid of the

reflection meter 22.

30 The most important characteristic wvalues, determined by
simulation, of a propulsion system according to the
invention are shown in the following table in order to
illustrate the potential of the device according to the
invention for a propulsion system and for direction

35 corrections for spacecraft. In this case, various
media, such as argon, carbon dioxide, hydrogen, neon
and xenon were used, with various mass flows M through

the fuel system and wvarious oscillation frequencies



the power Piet which is introduced into the exhaust jet 5 for acceleration of the material, and the total
power P introduced. M foscil g/s MHz Argon (Ar) 0.0001 10 0.0100 10 0.0040 1 VAlfven vo Thrust
11 Pjet P km/s km/s mN % kW kW 324.97 131.13 13.11 7.70 0.86 11.16 32.50 26.11 261.12 52.73
3.416.46 16.2Wb5480%) 0@ B247 0.46 0.74 Carbon dioxide(CO2) pcT/AT2004/000313
0.000110324.97129.5412.957.520.8411.16 0.OlO_OlI_%sZ._5024.56245.6148.343.026.24
0.0040116.2514.0756.2661.340.400.65 Hydrogen (HZ) 0.000110324.97147.6614.779.701.0911.23

0.01001032.5033.21332.1039.56%. 511394 0:0007693,1482.9958,106311d.2:413.32 Neop {N2)
0.000110324.97131.4513,147.740.8611.16 0.0100;1032.5026.41264.0953.4 3.496.

52
0.0040116.2515 36614662 550470776 Xanon (X&) 324.971286712.877.420.851F 16- 3000110
0.01001032.5028:652364845 4621806, 15 0160401 £6:2513.3353.8Y58. 320, 860.521The résults show

different efficiencies, depending on A0 the massiflow dMiused and the estillation fiegueney

5 for acceleration of the material, and the total power P

introduced.
M foscil Valfvén Vo Thrust n Pjet P
g/s MHz km/s km/s mN % kW kW
Argon (Ar)

0.0001 10 324.97 131.13 13.11 7.70 0.86 11.16
0.0100 10 32.50 26.11 261.12 52.73 3.41 6.46
0.0040 1 16.25 15.18 60.70 62.67 0.46 0.74

Carbon dioxide (CO,)

0.0001 10 324.97 129.54 12.95 7.52 0.84 11.16
0.0100 10 32.50 24.56 245.61 48.34 3.02 6.24
0.0040 1 16.25 14.07 56.26 61.34 0.40 0.65

Hydrogen (H;)

0.0001 10 324.97 147.66 14.77 9.70 1.09 11.23
0.0100 10 32.50 33.21 332.10 39.56 5.51 13.94
0.0007 6 95.14 82.99 58.10 63.11 2.41 3.82

Neon (Nj)

0.0001 10 324.97 131.45 13.14 7.74 0.86 11.16
0.0100 10 32.50 26.41 264.09 53.48 3.49 6.52

0.0040 1 16.25 15.36 61.46 62.35 0.47 0.76

Xenon (Xe)

0.0001 10 324.97 128.67 12.87 7.42 0.83 11.16
0.0100 10 32.50 23.65 236.48 45.46 2.80 6.15
0.0040 1 16.25 13.33 53.31 58.32 0.36 0.61

The results show different efficiencies, depending on
10 the mass flow M used and the oscillation frequency
foscii. An optimum setting can thus be achieved depending

on the application. For example when the power P 1is



foscil. An optimum setting can thus be achieved depending on the application. For example when the
power P is WO 2005/027142 PCT/AT2004/000313 - 42 particularly low, as is the case by way of
example with satellites, attitude correction is carried out with as high an efficiency as possible. The

present inventiomo nEkes fioRassdde to save an enormous amount offfoel/Aa2d dlaye tosmwEe better
use of the maximum load of a spacecraft. Electric m&or_s as are used in spaceflight are characterized
by high outlet flow velocities, but have the disadvantage of low thrust densities. Plasma motors

admittedly mak%EP@%M%EOl%CW%\Cﬁ higher; 10 thrustdensities, hyt the-outlet flowvelacities are
ow vefoa ies vo of known plasma motors are in the range from 30-50

lower. For examgle, tﬁ;i outlet

km/s, and thos& Bf ElectricmbtoPs hre P Yo 80 kRIS NSfat Svaliidsor the tRtust o Bladifia motors
are 250-300 mN} A%hwhile tidselefiglactyic Atotars are feks thaih50 mNe $eproplision system which
operates on therhasissof the prrsent methad nakes itpossikletasombing the: advantages of a high
outlet flow yelocity of electric, motors with hjgher thrust densities of plasma motors by 20 suitable
Chotce of the mASSHous St Tuel Sk3 e SESating TreGuency tin T AL bhar WG 2008/027142
PCT/AT2004/008031 355 4ta At Claims L. 1A ethtePfo? tieSgehetativPest Alves @S Lindihich
material which cancbedbnizedtis ptoduteandh b qpassastheaughlaomagasatiiecfield ccharaaterized in that

the magnetic field, camprises a;magnetic prmary dield, which.is defogped perigdically, by atleast one

oscillating magnetic secondary field of the opposite polarity to_ the primary field, as a result of which 10

Alfven waves ar8¥bfthed indhe &kl whicitcahbe PiBfized dnd i€lo&Bd §Y fhismhagfdtic field,
which Alf¥én wavesipropagate &t aselocity (vA) ihichdependstlow velocities are

lower. For example, the outlet flow wvelocities vy of
known plasma motors are in the range from 30-50 km/s,
and those of electric motors are up to 80 km/s. Normal
values for the thrust of plasma motors are 250-300 mN,
15 while those of electric motors are less than 50 mN. A
propulsion system which operates on the basis of the
present method makes it ©possible to combine the
advantages of a high outlet flow velocity of electric
motors with higher thrust densities of plasma motors by
20 suitable choice of the mass flow of the fuel and the

operating frequency, in one appliance.



on the mass density of the material passing through the magnetic field and on the field strength of the
15 magnetic field, with the field strength of the magnetic field being greater than the kinetic energy of
the material which is located in the magnetic field, so that mass is transported by the Alfven waves.
20 2. The metherbag oEsnedn gim 1, characterized in that the AlfvenArteoityayAd ¢3less than or
equal to the speed of sound of the material which is located in the magnetic field. 25 3. The method
as claimed in claim 1, characterized in that the Alfven velocity (VA) is greater than the speed of sound
of the material whieh is-located,ip the magnetic field. 30 4. The method as claimed in one of claims 1
to 3, characterized in that the magnetic primary field is essentially constant. 5. The method as
claimed in one of claims 1 to 3, 35 characterized in that the magnetic primary field is switched off
periodically. 6. The methoB&s"@8iméa’in d&fn 5HaractéRzedih WO 5065/09 7145, 1in
PCT/AT2004/000313that she oscillating neagnetimsesendapnfieldds likewisessitehed aff@luring the

periods in which the, pumary fielg,is switehed oft. 7 Themethod a5 claimed.in ane afglaims 1 to 6,

characterized in that the magcnetlc field is focused in the axial and/or radial direction. 8. The method

as claimed in orfd'6f AR 157, T16 LHar&EBRZES fifthat tRE BBRISStfengih - 8Fthe niaignttic primary

field is varied whiltelthle magneticleseronddry fietd-iscswitchedyon. ByTheamethbeastclaimed in one of
claims 110 8, 1gcharacienzed imihatdhe Alfvennwaves-gre phaser dglayed. 0. Jhesmethod as
claimed in one of claims 1 to , characterized In that,the fAlfven waves generated  nicn
10 Alfvén waves are formed in the material which can be
ionized and is located in this magnetic field, which
Alfvén waves propagate at a velocity (va) which depends
on the mass density of the material passing through the
magnetic field and on the field strength of the
15 magnetic field, with the field strength of the magnetic
field being greater than the kinetic energy of the
material which 1is located in the magnetic field, so

that mass is transported by the Alfvén waves.

20 2. The method as claimed in claim 1, characterized in
that the Alfvén velocity (va) is less than or equal to
the speed of sound of the material which is located in

the magnetic field.

25 3. The method as claimed in claim 1, characterized in
that the Alfvén velocity (va) 1s greater than the speed
of sound of the material which 1is located in the

magnetic field.

30 4. The method as claimed in one of claims 1 to 3,
characterized in that the magnetic primary field 1is

essentially constant.
5. The method as claimed in one of claims 1 to 3,
35 characterized in that the magnetic primary field 1is

switched off periodically.

6. The method as claimed in claim 5, characterized in



20 thrust on the basis of the reaction principle. 11. The method as claimed in one of claims 1 to 9,
characterized in that the Alfven waves generate a particle beam of high kinetic energy. 25 12. The
method as claimed in one of claims 1 to 9, characterized in that the Alfven waves supply additional
impulses to an agzeladorasga.230 13. The method as claimed in eeerghdamost ¥ 60 O3 1haracterized
in that phonons are generated or amplified in the material which is located in the magnetic field. 35
14. The method as claimed in one of claims 1 to 13, characterized in that phonons are generated or
amplified in a swreundinghaedigachy meansof the dnpaterial which és\logated i the magnetic field.
WO 2005/027142 PCTIAT2004/000313 15, The method as claimed in oneof claims,1 tp 14,
characterized in that the matenal which is located in” tHe magngtlc ﬁelg Is compressed andethermally
excited, 5 and i that ¢ tHetmbf exéitativhtsttRe nvdtérial generates or amplifies electromagnetic
radiation. 16. A device for the generation of Alfven waves, having a device (8) for production of
material which 10 can be lonjzed, having a magnetie nozzle (1), which is formed-from at ée,ast one
device (2) for generation of a magnetic primary field and at least one secondary coil (3) for generation
of a magnetic sECEHIAN fieltZ 8Hd A" cHdiel (Yiﬁeforr@ﬁ&iﬁﬁ e Mkterial Which®GH6E 15 fonized
through the magrieticdields, amddelectricald sapply devices(6), characterized in that the at least one
secondary coil (2) is of the opposite polarity to the device (2) for generation of the primary field, and is
supplied with a osciIIat'%?%]eIec%rlilcoaoll sigrslal, asa ZOOTesuIt of which the @ggpﬂetic Prir{mary_gield IS

. s me . C 1m in .0 O C S . .
deformed perio |caIIyE € magnetic secondaary ield,"and°Affven waves afé formed’in tHe material

which canlfe characterized 1in that the field strength of the
magnetic primary field 1is wvaried while the magnetic

secondary field is switched on.

9. The method as claimed in one of claims 1 to 8,
15 characterized in that the Alfvén waves are phase-

delayed.

10. The method as claimed in one of claims 1 to 9,
characterized in that the Alfvén waves generate a

20 thrust on the basis of the reaction principle.

11. The method as claimed in one of claims 1 to 9,
characterized in that the Alfvén waves generate a

particle beam of high kinetic energy.

25
12. The method as claimed in one of claims 1 to 9,
characterized in that the Alfvén waves supply
additional impulses to an accelerated mass.

30 13. The method as claimed in one of claims 1 to 9,
characterized in that phonons are generated or
amplified in the material which 1is located 1in the
magnetic field.

35 14. The method as claimed in one of claims 1 to 13,

characterized in that phonons are generated or
amplified in a surrounding medium Dby means of the

material which is located in the magnetic field.



ionized and is located in this magnetic field, which Alfven waves propagate at the Alfven velocity (VA),
25 with the field strength of the magnetic field being greater than the kinetic energy of the material
which is located in the magnetic field, so that mass is transported by the Alfven waves. 30 17. The

device as claimebirzclady d87 tharacterized in that the device (2) fegerara®IMofebe Jaynetic
primary field is formed by a primary coil (2). 18. The device as claimed in claim 16 or 17, 35
characterized in that the device (2) for generation of the magnetic primary field is formed by permanent
magnets. WO 2005/027142 PCT/AT2004/000313 19. The device as claimed in one of claims 16 to 18,

characterized in.that thfahcoils »3) are designed to . be quuid-cool%d. 5.20. The deyice as claimed in
. . . cl 1 .
one of claims 1&150 18, cﬁarrgcé:t%elﬁcz)gj ﬁl]sthatéi[ﬁérg%l S r,ls)oarllr% d%&gr?eﬁ%n%e sur\gleorconductlve. 21.

The device as cfaimed i Dheot¢lalms 1836 2019 0eharactérizet ihthatithe deviee ¥6r production of
material which camebeniomizediis farmeadiby a contaimers with gasivhick caa beyiosized and,by an

injector device fqrintroguctiqn of the, gaswiieh, can be jonjzed;igip e magpetig field, 15,22. The

device as claimed in one of claims 16 to 21, characterized in that the device for production of material
which can be iofiizB8 1§ fothed by BRbUICEfor SSUpphying fdtticaty condattveiiquid. 20 23. The

device as claimed in one of claims 16 to 22, characterized in that a device is provided for phase
delaying of the Alfven waves which a@ogenecrgged.ggr%f dihedeviegas claimed ineneLf claims 16 to
23, characterizgd In that a deyice Is proyded JOT foCUSING tion of material which
10 can be ionized, having a magnetic nozzle (1), which is
formed from at least one device (2) for generation of a
magnetic primary field and at least one secondary coil
(3) for generation of a magnetic secondary field, and a
channel (4) for guiding the material which can be
15 ionized through the magnetic fields, and electrical
supply devices (6), characterized in that the at least
one secondary coil (2) 1is of the opposite polarity to
the device (2) for generation of the primary field, and
is supplied with an oscillating electrical signal, as a
20 result of which the magnetic primary field is deformed
periodically by the magnetic secondary field, and
Alfvén waves are formed in the material which can be
ionized and is located in this magnetic field, which
Alfvén waves propagate at the Alfvén velocity (va),
25 with the field strength of the magnetic field being
greater than the kinetic energy of the material which
is located in the magnetic field, so that mass 1is

transported by the Alfvén waves.

30 17. The device as claimed in claim 16, characterized
in that the device (2) for generation of the magnetic

primary field is formed by a primary coil (2).

18. The device as claimed in c¢laim 16 or 17,
35 characterized in that the device (2) for generation of
the magnetic primary field 1is formed by permanent

magnets.



of the magnetic field. 25. The device as claimed in claim 24, characterized 30 in that the focusing
device is formed by the primary coil (2) and, if appropriate, secondary coil (3) with a magnetic core
composed of various materials, for example based on an FFAG (Fixed Field Alternating Gradient)

core. 35 26. Thavdegioe mpadaimezl in one of claims 16 to 25, charagtetZzest a0y aooagrsetic shield
is provided. WO 2005/027142 PCT/AT2004/000313 27. The device as claimed in claim 26,
characterized in that the magnetic shield contains a shielding plate (5), which is arranged on the

opposite side ofithe magaeticshigld 4o the autlet disection otﬂ:t@ @B/eeléﬂaé/es 28 Jhe ggvice as
claimed in one of clalms 16 to 27, char%%tegz%%m that % V|cer(7) |8é)rowdeg %nd is
connected to the e?ectnca? suppl?/ evices $he coi c0| 5 (2 ' The device as claimed in claim
28, characterizeel® inttHaf ik E6ttd Yevice (7) is formed by a computer. 15 30. A motor for a vehicle,
characterized in that a device as claimed in one of claims 16 to 29 is provided. 31. The motor as

claimed in glaim,30, chafacteyizedin 2Qthal the device for prodyctionof paterigl which gan be

ionized is formed by means of a plasma generator, and._ thrust is generated with the aid of the Alfven
waves on the bGBRGTTHE Fedidon PinEdRe: 250 R Ifotdras ChirdF in“G8im? 86 SchaPacterized in
that the device foe peotuetionof weaterial.which can be ionized is formed by a device for supplying
electrically conductive liquid. 30 33. The motor as claimed in one of claims 30 to 32, characterized in

that the device fpf progycion,of material which can be jonized is formed y.anarc. 5

10 characterized 1in that the device for production of
material which can be ionized is formed by a container
with gas which can be ionized and by an injector device
for introduction of the gas which can be ionized into
the magnetic field.

15
22. The device as claimed in one of claims 16 to 21,
characterized 1in that the device for production of
material which can be ionized is formed by a source for
supplying electrically conductive liquid.

20
23. The device as claimed in one of claims 16 to 22,
characterized in that a device is provided for phase

delaying of the Alfvén waves which are generated.

25 24. The device as claimed in one of claims 16 to 23,
characterized in that a device is provided for focusing

of the magnetic field.

25. The device as claimed in claim 24, characterized
30 in that the focusing device 1is formed by the primary
coil (2) and, if appropriate, secondary coil (3) with a
magnetic core composed of various materials, for
example Dbased on an FFAG (Fixed Field Alternating
Gradient) core.
35
26. The device as claimed in one of claims 16 to 25,

characterized in that a magnetic shield is provided.



motor.
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27. The device as claimed in claim 26, characterized
in that the magnetic shield contains a shielding plate
(5), which 1s arranged on the opposite side of the
magnetic field to the outlet direction of the Alfvén

waves.

28. The device as claimed in one of claims 16 to 27,
characterized in that a control device (7) 1is provided
and is connected to the electrical supply devices for
the coils (2, 3).

29. The device as claimed in claim 28, characterized

in that the control device (7) is formed by a computer.

30. A motor for a vehicle, characterized in that a
device as claimed in one of c¢laims 16 to 29 1is

provided.

31. The motor as claimed in claim 30, characterized in
that the device for production of material which can be
ionized is formed by means of a plasma generator, and
thrust is generated with the aid of the Alfvén waves on

the basis of the reaction principle.

32. The motor as claimed in claim 30, characterized in
that the device for production of material which can be
ionized is formed by a device for supplying

electrically conductive liquid.

33. The motor as claimed in one of claims 30 to 32,
characterized 1in that the device for production of
material which can be ionized is formed by an arc

motor.



