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(54) ELECTRIC THRUSTER

(57) It is presented an electric thruster (1) comprising
an inlet conduit (2) defining an inlet section (1b) of at-
mospheric gas; an expulsion section (1c) of atmospheric
gas from said electric thruster (1); an ioniser (3) config-
ured to generate a first magnetic field and an accelerator

(4) configured to generate a second magnetic field; and
an assembly (5) generating a stream of electrons which,
by interacting with said magnetic fields, ionises and ac-
celerates the atmospheric gas defining the thrust of said
electric thruster.
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Description

[0001] The present invention relates to an electric
thruster of the type specified in the preamble to the first
claim.
[0002] In particular, the invention introduces a thruster,
or rather a propeller that uses atmospheric gas as a pro-
pellant and which, by means of ionised gaseous masses
(plasma) accelerated by an electromagnetic field, de-
fines a propulsive action usually used to keep a satellite,
rocket or other vehicle in orbit at a given altitude (and in
detail control its motion or advancement).
[0003] As is well known, low Earth orbit is populated
by rockets and specialised propulsion vehicles such as
scramjets and their combinations with rocket propeller.
The conventional space vehicles must operate well
above an altitude of 250 km to avoid re-entry induced by
atmospheric drag, while at altitudes above 30 km, con-
ventional aircraft cannot operate due to the lack of lift
associated with low pressure and the shortage of oxygen
at those altitudes, which is insufficient for classical com-
bustion processes.
[0004] The vehicles travelling in low Earth orbit (250
to 2000 km altitude) typically use chemical (rockets) or
electric propulsion systems, such as Hall-type plasma
propellers, to generate the thrust required for on-orbit
manoeuvres and repositioning. These endo-reactors use
a propellant stored on board and thus have an operational
life limited precisely by the amount of propellant.
[0005] A typical propulsion system based on a Hall en-
do-reactor of the Anterior Technique includes a propel-
lant storage and supply system, an exhaust chamber, an
external electron-emitting cathode, an anode inside the
exhaust chamber that attracts electrons, a magnetic cir-
cuit to create a predominantly radial magnetic field, and
an electric circuit that generates an axial electric field at
the exit of the exhaust chamber. The magnetic field op-
poses the flow of electrons from the emitting cathode to
the anode. The propellant particles, typically xenon, are
introduced into the exhaust chamber and collide with
these electrons, thus generating positive ions. These
ions are accelerated and ejected from the exhaust cham-
ber due to the axial electric field and generate thrust.
[0006] The known technique described includes some
major drawbacks.
[0007] In particular, the well-known endo-reactors are
difficult to apply in a vehicle, especially if it has to remain
for long periods in a very low Earth orbit (below 250 km
altitude) or in similar orbital regions of other celestial bod-
ies due to the need to store a sufficient amount of pro-
pellant on board the vehicle to counter atmospheric re-
sistance.
[0008] The need to provide an on-board propellant tank
results in an increase in mass, volume and, consequent-
ly, the external surface area of the vehicle, causing great-
er resistance.
[0009] The increase in mass also means a heavier load
for the launcher and an increase in consumption to per-

form orbital manoeuvres.
[0010] It shows how the need for propellant use and
especially propellant management result in high costs
for the well-known plasma endo-reactors, an increase in
weight and an increase in frontal area, which causes
them to be more resistant.
[0011] Other drawbacks are to be found in the high
construction complexity and thus high costs of the well-
known endo-reactors and on-board propellant manage-
ment systems.
[0012] In this situation, the technical task at the heart
of the present invention is to devise an electric thruster
that can substantially obviate at least some of the afore-
mentioned drawbacks.
[0013] In the context of this technical task, it is an im-
portant aim of the invention to obtain an electric thruster
that is easily applicable to a vehicle operating in a very
low orbit for long periods without imposing excessive
costs and weight.
[0014] Another important aim of the invention is to ob-
tain an electric thruster of simple construction and thus
reduced costs.
[0015] The specified technical task and purposes are
achieved by an electric thruster as claimed in the at-
tached claim 1. Examples of preferred implementations
are described in the dependent claims.
[0016] The features and advantages of the invention
are clarified below by a detailed description of preferred
embodiments of the invention, with reference to the ac-
companying drawings, in which

the Fig. 1 shows, to scale and in sagittal section, an
electric thruster according to the invention;
the Fig. 2 shows, to scale and in cross-section, a
possible realisation of the gas inlet conduit in the
thruster
the Fig. 3 shows, to scale, a first group of compo-
nents according to claim 1, and highlights the lines
of the aforementioned magnetic field;
the Fig. 4 shows, to scale, a second group of com-
ponents according to claim 1; and
the Fig. 5 presents the schematic operation of the
thruster.

[0017] In the present document, the measurements,
values, shapes and geometric references (such as per-
pendicularity and parallelism), when associated with
words like "about" or other similar terms such as "approx-
imately" or "substantially", are to be considered as except
for measurement errors or inaccuracies due to produc-
tion and/or manufacturing errors, and, above all, except
for a slight divergence from the value, measurements,
shape, or geometric reference with which it is associated.
For instance, these terms, if associated with a value, pref-
erably indicate a divergence of not more than 10% of the
value.
[0018] Moreover, when used, terms such as "first",
"second", "higher", "lower", "main" and "secondary" do
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not necessarily identify an order, a priority of relationship
or a relative position, but can simply be used to clearly
distinguish between their different components.
[0019] The measurements and data reported in this
text are to be considered, unless otherwise indicated, as
performed in the International Standard Atmosphere
ICAO (ISO 2533:1975).
[0020] Unless otherwise specified, as results in the fol-
lowing discussions, terms such as "treatment", "comput-
ing", "determination", "calculation", or similar, refer to the
action and/or processes of a computer or similar elec-
tronic calculation device that manipulates and/or trans-
forms data represented as physical, such as electronic
quantities of registers of a computer system and/or mem-
ories in, other data similarly represented as physical
quantities within computer systems, registers or other
storage, transmission or information displaying devices.
[0021] With reference to the Figures, the electric thrust-
er according to the invention is globally referred to as
number 1.
[0022] The thruster 1 can be configured to generate a
propulsive action by accelerating ionised gases. It is con-
figured to be used as a propeller for a spacecraft such
as a satellite, rocket or other space vehicle or space plat-
form.
[0023] The spacecraft can therefore comprise at least
one electric thruster 1 and optionally at least one addi-
tional endo-reactor, configured to, for example, move the
spacecraft in ascent and/or descent.
[0024] Preferably, the spacecraft and thus the electric
thruster 1 can be configured to fly in an orbit around a
planet such as Earth.
[0025] In detail, the electric thruster 1 can be config-
ured to operate with atmospheric gas (hereinafter simply
referred to as gas) appropriately having a minimum den-
sity substantially at least equal to 13105 particles/m3

more in detail to 131010 particles/m3 more in detail to
131015 particles/m3 and to a precision substantially be-
tween 131015 particles/m3 and 431015 particles/m3 .
[0026] It should be noted that the expression atmos-
pheric gas identifies, as is well known, the gas envelope
that covers a celestial body such as a planet.
[0027] The minimum density identifies the minimum
value of gas density required to guarantee the operation
of the electric thruster 1. It can therefore work with gases
having a density greater than this minimum density.
[0028] In the case of Electric thruster 1 operating in
earth orbit, it is configured to operate at an altitude sub-
stantially lower than 400 km, and to be precise substan-
tially between 120 km and 250 km.
[0029] The electric thruster 1 may define a longitudinal
axis 1a preferably configured to fly parallel to the forward
direction of the electric thruster 1 and thus the spacecraft.
The gas flows through the electric thruster 1 defining a
flow moving predominantly along the longitudinal axis 1a.
[0030] The longitudinal axis 1a can be substantially ba-
rycentric to the electric thruster 1.
[0031] It should be noted that in this document terms

identifying a relative positioning between two compo-
nents (such as downstream, upstream, interposed) are
to be understood in accordance with the direction of the
gas flow. Furthermore, terms such as axial, radial or an-
gular define directions/trajectories/forces respectively
nearly parallel to axis 1a, substantially perpendicular to
axis 1a and substantially circular centred on longitudinal
axis 1a.
[0032] The electric thruster 1 may comprise an inlet
section 1b of gas into the thruster 1 and an expulsion
section 1c of gas from the thruster 1.
[0033] The thruster 1 may include a gas inlet conduit
2 in electrical thruster 1.
[0034] The inlet conduit 2 can define inlet section 1b.
[0035] The inlet conduit 2 can develop along the lon-
gitudinal axis 1a.
[0036] It can be of constant cross-section or alterna-
tively tapered with an inlet section 1b of maximum exten-
sion.
[0037] The inlet conduit 2 may include a tubular body
21.
[0038] The tubular body 21 can develop along the lon-
gitudinal axis 1a.
[0039] The tubular body 21, as shown in the section of
Fig. 2, can be subdivided into gas flow channels having
a ratio of channel length to hydraulic diameter substan-
tially greater than 1 in detail of 10 and appropriately of 50.
[0040] It may therefore comprise at least one radial
wall 211 running parallel to said longitudinal axis 1a;
and/or at least one partition 212 dividing the tubular body
21 into annular sections.
[0041] Said at least one partition 212 may extend the
full extent of the tubular body 21 along the longitudinal
axis 1a.
[0042] The tubular body 21 may comprise several suit-
ably radially spaced 212 dividers. Preferably, the tubular
body 21 comprises several walls 211 suitably spaced at
equal angles.
[0043] Each wall 211 may extend the full extent of the
tubular body 21 along the longitudinal axis 1a.
[0044] Each combination of partitions 212 and walls
211 may define a cylindrical conduit suitably radially
spaced from the other cylindrical conduits. Alternatively,
each combination of partitions 212 and walls 211 may
define a hexagonal conduit suitably radially spaced from
the other hexagonal conduits. In some non-limiting ex-
amples, the tubular body 21 may thus have a honeycomb
cross-section or as presented in Fig. 2.
[0045] The inlet conduit 2 may include a compartment
22 for collecting the gas entering the electric thruster 1
and in detail exiting the tubular body 21.
[0046] The compartment 22 can be interposed be-
tween the tubular body 21 and the rest of the electric
thruster 1.
[0047] The compartment 22 may extend along the lon-
gitudinal axis 1a with a suitably tapered section. It may
define an inlet section of the gaseous flow into the com-
partment 22 facing the tubular body 21 and an outlet sec-
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tion of gas from the compartment 22 facing the rest of
the thruster 1 and of smaller extension than the inlet sec-
tion.
[0048] The inlet section of compartment 22 can be
equal to that of tubular body 21.
[0049] The compartment 22 may be devoid of walls or
other dividing elements in the volume bounded by the
compartment.
[0050] The inlet conduit 2 can be free of coils or ferro-
magnetic materials.
[0051] The electric thruster 1 may comprise -down-
stream of the inlet conduit- an ioniser 3 configured to
ionise at least part of the atmospheric gas entering the
thruster 1 by defining an ionised fraction of said atmos-
pheric gas, and an accelerator 4 configured to accelerate
at least said ionised fraction towards the outlet section
1c generating a thrust for the electric thruster 1 (and
therefore for the space vehicle) and suitably leaving at
least part of the non-ionised atmospheric gas in the inlet
conduit 2 and in particular in the compartment 22.
[0052] The ioniser 3 can be upstream of accelerator 4.
[0053] The ioniser 3 can define an ionisation chamber
3a downstream of duct 2, in particular compartment 22.
[0054] The ionisation chamber 3a can be annular and
have a decreasing monotonic cross-section, with the inlet
cross-section from the chamber 22 maximum, and the
outlet cross-section to the accelerator 4 minimum.
[0055] The accelerator 4 can define an acceleration
chamber 4a downstream of ionisation chamber 3a.
[0056] The acceleration chamber 4a can be annular
and have a substantially constant cross-section.
[0057] The acceleration chamber 4a can define, in its
distal part from the ionisation chamber 3a, essentially the
expulsion section 1c.
[0058] In this document, the terms chamber and com-
partment identify a free internal space delimited by the
same thruster 1.
[0059] The ioniser 3 is configured to generate a first
magnetic field suitably poloidal and more suitably angu-
larly substantially constant with respect to the longitudinal
axis 1a. The magnetic field, as can be seen from the Fig.
3, can thus be variable exclusively along or radially to
said longitudinal axis 1a.
[0060] Said first magnetic field is present at least in
ionisation chamber 3a and appropriately at least in the
portion of conduit 2 (in detail compartment 22) adjacent
to said chamber 3a.
[0061] The ioniser 3 may comprise a central magnet
31 housed in said ionisation chamber 3a and at least a
first side magnet 32 located at the first side wall of the
ionisation chamber 3a and more suitably a second side
magnet 33 located at the second side wall of the ionisa-
tion chamber 3a.
[0062] The first side wall identifies the wall of the ion-
isation chamber 3a lateral, internal (i.e. facing chamber
3a) and proximal to axis 1a, while the second side wall
identifies the wall of the ionisation chamber 3a lateral,
external and distal to axis 1a.

[0063] The central magnet 31 can comprise a coil ap-
propriately axis 1a.
[0064] It may be toroidal preferably comprising a first
face parallel to the first side wall and a second face par-
allel to the second side wall.
[0065] The central magnet 31 may have substantially
less axial extension than at least one side magnet 32
and/or 33.
[0066] In this document, the term axial identifies a di-
rection, a length, an extension along the longitudinal axis
1a.
[0067] The side magnets 32 and 33 can have essen-
tially the same axial extension.
[0068] They may be concentric with respect to the lon-
gitudinal axis 1a.
[0069] The side magnets 32 and 33 are on opposite
sides of the central magnet 31.
[0070] The first side magnet 32 may comprise a coil
appropriately axis the longitudinal axis 1a.
[0071] The second side magnet 33 may comprise a
coil whose axis is appropriately the longitudinal axis 1a.
[0072] The magnets in ioniser 3 generate a first mag-
netic field whose field lines are closed and surround the
central magnet 31.
[0073] Said closed lines are preferably partially enter-
ing the inlet conduit 2 and more precisely in the compart-
ment 22 as shown in Fig. 3. Preferably the intensity of
the first magnetic field of the ioniser 3 is at least 5 mT
and in detail substantially between 5 mT and 100 mT and
more precisely between 10 mT and 50 mT.
[0074] The accelerator 4 can generate a second mag-
netic field interacting with the first magnetic field emitted
by ioniser 3, thus defining a magnetic field resulting from
the sum of these magnetic fields, which is characterised
by having at least one zone of low magnetic intensity
(and in detail at least one magnetic zero) at the boundary
between chambers 3a and 4a, and to be precise in the
zone of ionisation chamber 3a proximal to acceleration
chamber 4a.
[0075] Appropriately, the resulting magnetic field has
two low magnetic intensity zones between chambers 3a
and 4a. Optionally, the two low magnetic intensity zones
can overlap, defining a double magnetic zero.
[0076] The second magnetic field and thus the result-
ing magnetic field can protrude from the acceleration
chamber 4a appropriately opposite the ionisation cham-
ber 3a.
[0077] Fig. 3 shows the resulting magnetic field lines
and in particular the closed lines representing the first
and second magnetic fields.
[0078] The accelerator 4 may comprise an inner mag-
net 41 located at the first side wall of acceleration cham-
ber 4a and an outer magnet 42 located at the second
side wall of acceleration chamber 4a.
[0079] In this case, the first lateral wall of acceleration
chamber 4a identifies the lateral wall, internal (i.e. facing
chamber 4a) and proximal to axis 1a, while the second
lateral wall of chamber 4a identifies the lateral wall, ex-
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ternal and distal to axis 1a.
[0080] The inner 41 and outer 42 magnets can be toroi-
dal, concentric and have essentially the same axial ex-
tension.
[0081] The inner magnet 41 may comprise a coil suit-
ably of longitudinal axis 1a.
[0082] The outer magnet 42 may comprise a coil suit-
ably of longitudinal axis 1a.
[0083] The accelerator 4 may comprise one or more
ferromagnetic elements configured to channel/direct the
magnetic field lines of Fig. 3 and in particular to obtain
at least one low magnetic field zone (and in detail at least
one magnetic zero) at the boundary between the cham-
bers 3a and 4a. In particular, it comprises a first ferro-
magnetic element 43 at least partially surrounding the
inner magnet 41 and a second ferromagnetic element 44
at least partially surrounding the outer magnet 42. Pref-
erably, the inner magnets 41 and outer magnets 42 have
only the face facing the acceleration chamber 4a not cov-
ered by said ferromagnetic elements 43 and 44.
[0084] The magnetic field generated in the accelera-
tion chamber 4a may be predominantly radial. It may
have a maximum radial intensity distal to the entrance
section 1b, and in particular proximal to the expulsion
section 1c.
[0085] The electric thruster 1 may comprise an assem-
bly 5 generating an electric field that overlaps and inter-
acts with the magnetic fields described above (Fig. 4).
[0086] The electric field defines a flow of electrons
passing from the acceleration chamber 4a to the ionisa-
tion chamber 3a and at least partially entering a portion
of the conduit 2 (in detail compartment 22) close to the
ionisation chamber 3a. In particular, the assembly 5 gen-
erates an electron flow which is attracted towards the
ionisation chamber 3a going to interact with at least part
of said atmospheric gas ionising it and in detail defining
said ionised fraction of atmospheric gas.
[0087] Said flow of electrons, when in the acceleration
chamber 4a, is at least slowed down by the second mag-
netic field and moved, suitably orbitalised, along its lines,
thus defining a concentration of electric field (i.e. elec-
trons) in said second magnetic field zone; this concen-
tration accelerates the ionised fraction of the atmospheric
gas towards the outlet section 1c, thus generating a pro-
pulsive thrust for the electric thruster 1 and hence for the
space vehicle.
[0088] The assembly 5 may comprise a negative elec-
trode (cathode) 51 configured to generate a flow of elec-
trons; and at least one positive electrode (anode) config-
ured to attract said flow of electrons by conveying it to
chambers 3a and 4a.
[0089] The negative electrode 51 can be external to
chambers 3a and 4a.
[0090] It can be arranged along the longitudinal axis
1a.
[0091] The at least one positive electrode is in ionisa-
tion chamber 3a.
[0092] In particular, the assembly 5 comprises several

positive electrodes preferably having the same electrical
potential. Preferably, it comprises a first positive elec-
trode 52 placed on the first side wall of the ionisation
chamber 3a; a second positive electrode 53 placed on
the second side wall of the ionisation chamber 3a; and
a third positive electrode 54 interposed between the cen-
tral magnet 3a and the ionisation chamber 3a and to be
precise at least partially enveloping in full detail the cen-
tral magnet 31.
[0093] The first positive electrode 52 may lie between
the ionisation chamber 3a and the first side magnet 32.
It may be of conductive metallic material and have an
annular shape with an axis 1a.
[0094] The second positive electrode 53 may lie be-
tween the ionisation chamber 3a and the second side
magnet 33. It may be of conductive metallic material and
have an annular shape with an axis 1a.
[0095] The third positive electrode 54 can be of con-
ductive metal material placed all around the central mag-
net 31.
[0096] The first positive electrode 52 and the second
positive electrode 53 are on opposite sides of the third
positive electrode 54.
[0097] In some cases, the assembly 5 may additionally
include at least one additional positive electrode 55, ap-
propriately only one, housed in chamber 4a.
[0098] The additional positive electrode 55 can be of
conductive metal material.
[0099] It can be accommodated at the first side wall of
acceleration chamber 4a.
[0100] The additional positive electrode 55 can be an-
nular in shape, with axis 1a.
[0101] The additional positive electrode 55, as illustrat-
ed in Fig. 4, can be kept at a higher potential than the
negative electrode 51.
[0102] Preferably, the one or more positive electrodes
52, 53 and/or 54, as illustrated in Fig. 4, can be main-
tained at the same electrical potential, with a positive
potential difference (i.e. at a higher potential) with respect
to both the negative electrode 51 and the possible addi-
tional positive electrode 55.
[0103] In their movement towards the positive elec-
trodes 52, 53 and/or 54 and -if present-55, the electrons
emitted by the negative electrode 51 are initially slowed
down and redirected by the magnetic field lines of the
accelerator 4, and follow a spiralling path first towards
the possible additional positive electrode 55, and in any
case towards the positive electrodes 52, 53 and/or 54,
as illustrated in Fig. 5. The resistance generated by the
magnetic field to the motion of the electrons causes the
axial electric field of the accelerator 4 to be concentrated
in the vicinity of the outlet section 1c.
[0104] The electrons that manage to overcome the
magnetic field of accelerator 4 are then attracted to the
positive electrodes 52, 53 and/or 54 in chamber 3a, the
potential of these electrodes being higher than that of the
possible additional positive electrode 55.
[0105] On reaching chamber 3a, the electrons are
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again slowed down and redirected by the first magnetic
field lines generated by ioniser 3. At least part of these
electrons reach chamber 22. On their way, said electrons
collide with the atmospheric gas atoms in the chamber
22 and ionise by collision at least a part of said atoms,
thereby generating a further electron and a positive ion.
[0106] The effect of the magnetic field on the motion
of the electrons, combined with the electric potential im-
posed on the electrodes in the ioniser 3, causes an elec-
tric field to be generated in the ionisation chamber 3a
around the central magnet 31. The positive ions, influ-
enced by the electromagnetic fields in the ioniser 3, are
attracted by the negative potential generated by the neg-
ative electrode 51 (and if present by the additional pos-
itive electrode 55) downstream of the ioniser 3, until they
overcome the low magnetic field zone at the interface
between chambers 3a and 4a and arrive in the acceler-
ation chamber 4a. At this point the ions are accelerated
by the electric field concentrated at the second radial
magnetic field generated by the accelerator 4 near the
outlet section 1c.
[0107] Finally, it should be noted that a part of the elec-
trons generated by the negative electrode 51 is attracted
by the beam of positive ions coming out of the output
section 1c and neutralises them, ensuring the electrical
neutrality of the entire system.
[0108] The electrical thruster 1 may include a power
supply circuit configured to define the above-described
potentials of said electrodes.
[0109] The electric thruster 1 may include a control
board for at least ioniser 3 and accelerator 4.
[0110] The electric thruster 1 may include a power sup-
ply for at least the ioniser 3, the accelerator 4 and appro-
priately the control board.
[0111] The power system may comprise a power gen-
erator (comprising, for example, at least one photovoltaic
panel) and/or energy storage comprising, for example,
at least one battery.
[0112] In some cases, the system may include an ad-
ditional propellant storage tank.
[0113] The operation of the ionisation and acceleration
stages and thus of the electric thruster 1 described above
is as follows.
[0114] The electrons emitted by the negative electrode
51 are attracted to the positive electrodes 52, 53 and/or
54. The path of the electrons crosses the radial magnetic
field which is developed between the inner magnets 41
and outer magnets 42 and which is directed by the fer-
romagnetic elements 43 and 44, and which forces the
electrons to slow down and causes them to move in a
circular direction in the distal part of the acceleration
chamber 4a, at the outlet section 1c.
[0115] The electrons that manage to overcome the
force of the magnetic field manage to enter the acceler-
ation chamber 4a, and are attracted by the positive elec-
trodes 52, 53 and/or 54 and -if present- 55, which push
them towards the ionisation chamber 3a. On their way
they encounter the magnetic field developing between

the central magnets 31 and side magnets 32 and 33,
which again slows them down and forces them on a cir-
cular path around the central magnet 31 and partially
entering the chamber 22. This magnetic field can be so
strong that the Larmor radius of the electrons (and ap-
propriately of the ions) is less than the characteristic
transverse dimensions of the stage.
[0116] In their circular motion, the electrons can im-
pinge on the oxygen and nitrogen atoms (proper to the
atmospheric gas) located in compartment 22, and by col-
lision result in an ionisation of the atoms themselves (thus
of at least part of the atmospheric gas), which will then
be positively charged.
[0117] The positive ions, which are much larger than
the electrons, are scarcely affected by the magnetic field,
and are therefore free to go to the lower potential zone,
represented by the cloud of electrons emitted by the neg-
ative electrode 51 and trapped in zone 1c by the magnetic
field generated by the accelerator.
[0118] The concentration of electrons at the second
radial magnetic field generated by the accelerator 4 in
the vicinity of the outlet section 1c produces an attrac-
tion/acceleration on the ions, which are ejected from the
accelerator 4 with preferential exit direction substantially
parallel to the longitudinal axis 1a, and produce thrust for
the space vehicle.
[0119] Finally, some of the electrons emitted by the
negative electrode 51 neutralise the outgoing ions.
[0120] The electric thruster 1 and thus the spacecraft
according to the invention achieve important advantag-
es.
[0121] In fact, it introduces an innovative dual-stage
thruster that allows a significant fraction of the collected
gas to be ionised thanks to a clear separation between
the gas ionisation stage and the acceleration stage. The
electric thruster 1 is thus able to operate without using
propellant stored on board.
[0122] This aspect therefore makes it possible to have
a spacecraft which, if equipped with at least one electric
thruster 1, is able to remain in very low orbit for long
periods, i.e. between 250 km and 120 km altitude. This
possibility is precluded by the thrusters/thrusters of the
earlier technology.
[0123] An important advantage is the un-ionised por-
tion of the atmospheric gas, which, continuing in its ran-
dom motion substantially in compartment 22, allows the
amount of gas in ioniser 3 to be maximised by greatly
increasing the ionised fraction of the atmospheric gas
and thus exploited for acceleration generation.
[0124] Another advantage is the high specific impulse
that the electric thruster 1 is able to generate compared
to known thrusters, thus ensuring high efficiency and the
possibility for the spacecraft equipped with the electric
thruster 1 to effectively counter atmospheric resistance.
[0125] Other advantages are to be found in the com-
pactness, simplicity of construction and thus reduced
costs that characterise the electric thruster 1 compared
to those based on front-end technology.
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[0126] The invention is susceptible to variations within
the inventive concept as defined by the claims.
[0127] Here, all details can be replaced by equivalent
elements and materials, shapes and sizes can be any.

Claims

1. Electric thruster (1) comprising:

- an inlet conduit (2) defining an inlet section (1b)
of said atmospheric gas into said electric thrust-
er (1); and
- an expulsion section (1c) of said atmospheric
gas from said electric thruster (1);

and characterised by comprising interposed be-
tween said sections (1b, 1c) so as to receive said
atmospheric gas entering said inlet section (1b) and
expelling said atmospheric gas from said expulsion
section (1c):

- an ioniser (3)

+ defining an ionisation chamber (3a) con-
figured to receive at least part of said at-
mospheric gas from said at least part of said
atmospheric gas from said inlet conduit (2)
and
+ configured to generate a first magnetic
field in at least said ionisation chamber (3a)
and in at least a proximal portion of inlet
conduit (2) proximate to said ionisation
chamber (3a)

- an accelerator (4)

+ defining an acceleration chamber (4a)
configured to receive at least part of said
atmospheric gas from said ionisation cham-
ber (3a), and
+ configured to generate a second magnetic
field interacting with said first magnetic field
of said ioniser (3) by defining a resultant
magnetic field having at least one low mag-
netic field region at the boundary between
said chambers (3a, 4a);

- an assembly (5) generating a flow of electrons
from said acceleration chamber (4a) to said ion-
isation chamber (3a) so that

+ said electron flow, when in said accelera-
tion chamber (4a), is at least slowed down
by said second magnetic field and moved
along the lines of said second magnetic field
defining an electric field concentration in
said acceleration chamber (4a):

+ at least part of said electron flow
reaches said ionization chamber (3a)
where, moved along said first magnetic
field, it affects at least part of said at-
mospheric gas defining an ionized frac-
tion of said atmospheric gas;
+ said ionized fraction being attracted
by said electric field concentration in
said acceleration chamber (4a) to-
wards said expulsion section (1c) gen-
erating a thrust for said electric thruster
(1) and leaving said non-ionized atmos-
pheric gas in said ionization chamber
(3a).

2. Electric thruster (1) according to claim 1, wherein
said first magnetic field is poloidal and has at least
one low magnetic intensity zone at the boundary be-
tween said chambers (3a, 4a).

3. Electric thruster (1) according to at least one preced-
ing claim, wherein said ionizer (3) comprises a toroi-
dal central magnet (31), a first side magnet (32) and
a second side magnet (33) placed opposite to the
first side magnet (32) with respect to said central
magnet (31); said magnets (31, 32, 33) are in said
ionization chamber (3a) and define said first mag-
netic field.

4. Electric thruster (1) according to the preceding claim,
wherein said first side magnet (32) is placed in cor-
respondence with the first side wall of said ionization
chamber (3a); and wherein said second side magnet
(33) is placed in correspondence with the second
side wall of said ionization chamber (3a).

5. Electric thruster (1) according to at least one preced-
ing claim, wherein said accelerator (4) comprises an
inner magnet (41) located at the first side wall of said
acceleration chamber (4a) and an outer magnet (42)
located at the second side wall of said acceleration
chamber (4a); and wherein said inner magnet (41)
and said outer magnet (42) define said second mag-
netic field.

6. Electric thruster (1) according to the preceding claim,
wherein said accelerator (4) comprises a first ferro-
magnetic element (43) at least partially surrounding
said inner magnet (41) and a second ferromagnetic
element (44) at least partially surrounding said outer
magnet (42),

7. Electric thruster (1) according to at least one preced-
ing claim, wherein said assembly (5) comprises a
negative electrode (51) external to said chambers
(3a, 4a), and at least one positive electrode (52, 53,
54) placed in said ionization chamber (3a).
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8. Electric thruster (1) according to claims 3 and 7,
wherein said ionization chamber (3a) is annular; and
wherein said at least one positive electrode (52, 53,
54) comprises a first positive electrode (52) placed
on the first side wall of said ionization chamber (3a);
a second positive electrode (53) placed on the sec-
ond side wall of said ionization chamber (3a); and a
third positive electrode (54) interposed between said
central magnet (3a) and said ionization chamber
(3a); and wherein said positive electrodes (52, 53,
54) are substantially equipotential.

9. Space vehicle comprising at least one electrical
thruster (1) according to at least one preceding claim.
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