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SYSTEM AND METHOD FOR
MAGNETICALLY LAUNCHING
PROJECTILES OR SPACECRAFT

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application is based upon and claims priority
from U.S. Provisional Patent Application No. 62/146,141,
filed Apr. 10, 2015, which is incorporated by reference
herein in its entirety.

BACKGROUND

[0002] This application relates generally to a system and
method for electromagnetically launching payloads such as
projectiles, launch vehicles, spacecraft, aircrafi, missiles,
rockets, or the like, and more particularly relates to an
electromagnetic launcher, an electromagnetic launch system
and a method for electromagnetically launching such pay-
loads that utilizes magnetic levitation, stabilization and
propulsion, employing a transverse direct current magnetic
field generated in superconducting cables extending along a
launch tube.

[0003] Electromagnetic launch systems typically are
capable of accelerating payloads such as projectiles, launch
vehicles, spacecraft, aircraft, missiles or rockets, for
example, to high velocities. Electromagnetic launching of
such payloads has the major advantage of minimizing or
even eliminating the need to carry fuel and rocket motors for
propulsion and stabilization of the payloads, as is particu-
larly the case with missiles and rockets. Launching projec-
tiles electromagnetically can also achieve much higher
muzzle velocities for the projectiles than is possible with
other conventional methods, such as artillery.

[0004] One prior art electromagnetically energized railgun
system is known that utilizes nesting and segmenting of
primary rails in combination with augmenting rails and
crossover bar conductors, and an inductorless single power
supply arrangement. The railgun system includes a launch
tube containing two or more electrically conducting rails
along which a projectile-carrying sabot slides. Acceleration
force is generated when a current is passed up through one
rail, through an armature, which physically contacts the rail,
and down another rail, creating a magnetic pressure that
pushes the sabot along the launch tube. However, such
railgun systems typically have a maximum practical launch
velocity achievable with railguns and is on the order of 3
kilometers per second, which constrains the range of pro-
jectiles launched on earth to only a few hundred miles, and
is far below the velocity needed to achieve orbit for a
payloads, which is on the order of 8 kilometers per second.
Furthermore, because railguns commonly require that an
armature physically contact the rails, the rails must be
replaced on a regular basis due to the extreme mechanical
stresses and erosion present with this technology.

[0005] A conventional coil gun is also known that utilizes
an electromagnetic projectile accelerator including station-
ary coils aligned along an axis of a launch tube for accel-
eration of a magnetic projectile down the launch tube, by
sequentially energizing each individual coil as the projectile
approaches to electromagnetically pull or push the projectile
along the launch tube. While projectiles launched by such
coil guns need not contact any rails on the inside of the
launch tube, as is the case with railguns, such coil guns also
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have a limited maximum practical velocity, due to the need
to sequentially and precisely switch large currents through
the series of coils on short (sub-microsecond) time scales.
This constraint limits the maximum practical velocities and
masses of the launched projectiles.

[0006] A space tram (Powell and Maise, 2001, U.S. Pat.
No. 6,311,926 B1) for launching a spacecraft from earth into
outer space is also known that utilizes a launch tube that is
magnetically suspended, with an inlet on earth and an
elevated outlet. The spacecraft includes superconducting
loops, and when the launch tube is evacuated, the payload is
propelled through the launch tube by magnetic levitation to
achieve escape velocity for reaching outer space, due to
magnetic interaction between the superconducting loops on
the spacecraft and an alternating current (AC) wave flowing
in non-superconducting, normal metal loops embedded in
walls of the launch tube.

[0007] While such magnetic levitation or maglev launch
systems based on the magnetic acceleration of spacecraft
equipped with superconducting loops can achieve orbital
speeds of 8 kilometers per second or greater with potentially
much lower launch costs than rockets, such conventional
maglev launch systems are difficult to scale down to smaller
systems such as those optimized for launching small satel-
lites on the order of 100 kilograms, and typically requires
specialized power conditioning equipment to generate the
necessary AC current required to accelerate the vehicle.
While such magnetic levitation systems can potentially be
used for launch systems with launch tubes less than 50 km
long providing moderate accelerations of less than 500 m s*
(50 g), such magnetic levitation systems are typically pro-
hibitively expensive for shorter launch systems necessarily
requiring higher accelerations, and typically require that
spacecraft launched in this manner to have sufficient super-
conductor cables to carry large currents (500,000 to 1,000,
000 amps), which can be prohibitively costly for the launch
of small payloads on the order of 100 kg.

[0008] Furthermore, such maglev launch systems that use
high current superconducting loops on the payload being
launched typically require a complex travelling AC current
wave in the rails on the walls of the launch tube that pushes
on the superconducting magnets on the payload to accelerate
the payload. The frequency of the AC power wave must be
finely adjusted and controlled using DC to AC inverters to
increase its frequency as the velocity of the payload being
launched increases. In addition, only a short section of the
launch tube where the payload being launched moves along
the launch tube can be energized. As the payload being
launched moves along the launch tube, the travelling AC
power wave is switched off from the presently energized
section that the payload is leaving, and is switched onto the
next section into which the payload is moving.

[0009] It would therefore be desirable to provide an elec-
tromagnetic launcher and a system and method for electro-
magnetically launching a payload such as a projectile,
launch vehicle, spacecraft, aircraft, missile, rocket, or the
like, that involves no confining mechanical contact and
friction of the payload with a launch tube wall, to allow
launching many such payloads at extremely high velocity
without damage to the launch tube wall or the payloads
being launched.

[0010] It would also be desirable to provide such an
electromagnetic launch system and method that does not
require high current superconducting loops on such a pay-
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load, in order to greatly simplify and reduce costs of the
design and manufacture of the projectile, launch vehicle,
spacecraft, aircraft, missile, rocket, or other similar payload
to be launched, and allowing the launching of much smaller
and lighter such payloads than is possible with conventional
maglev launch systems.

[0011] Tt would also be desirable to provide such an
electromagnetic launch system and method in which the
power conditioning system required for accelerating such
payloads is much simpler and less costly than power con-
ditioning systems required for maglev launch systems that
use high current superconducting loops on the projectile or
launch vehicle.

[0012] It would also be desirable to provide such an
electromagnetic launch system and method that utilizes a
simple DC current stationary power source, with the current
flowing from DC rails mounted to an interior tube wall
through a moving payload to be launched. It would also be
desirable to provide such an electromagnetic launch system
and method in which the complete length of the DC rails
along the launch tube is energized with the DC current that
flows into the payload being launched across small gaps
between the rails and the payload being launched via plasma
arcs or via conducting brushes, for example, eliminating the
requirement for expensive, complex electronic switches to
control the frequency and activation location of the current
needed by other maglev launch systems that employ super-
conducting loops on the payload being launched and a
traveling AC current wave. The present invention meets
these and other needs.

SUMMARY OF THE INVENTION

[0013] Briefly, and in general terms, the present invention
provides for an electromagnetic launcher, an electromag-
netic launch system and a method for electromagnetically
launching a launch craft for carrying payloads such as
projectiles, launch vehicles, spacecraft, aircraft, missiles,
rockets, or the like, that utilizes magnetic levitation, stabi-
lization and propulsion, and that employs a transverse direct
current magnetic field generated in superconducting cables
extending along a launch tube to eliminate mechanical
contact and friction of the payload with a launch tube wall.
Upper and lower conducting metal plates and loops of
conducting material are also provided on the launch craft for
magnetic levitation, stabilization and propulsion of the
launch craft in cooperation with the transverse direct current
magnetic field provided by the electromagnetic launcher to
be simpler and less costly, allowing power conditioning to
be simplified and less costly, and the electromagnetic
launcher includes a launch tube with electrically conducting
rails energized along the length of the rails, allowing elimi-
nation of expensive, complex electronic switching.

[0014] Accordingly, the present invention provides for an
electromagnetic launcher, including a launch tube of prede-
termined geometry through which a launch craft may travel,
a plurality of electrically conducting rails mounted to the
inside walls of the launch tube, and a means for applying a
transverse direct current magpetic field to the launch tube
and its contents. The present invention also provides for a
means for magnetically levitating and stabilizing the launch
craft to minimize contact between the launch craft and the
launch tube as the launch craft travels within the launch
tube, and provides for a means for transmitting an electrical
current passed from one of the rails across the launch craft
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to another of the rails in the presence of the magnetic field,
whereby the launch craft is accelerated inside the launch
tube.

[0015] In one presently preferred aspect, the means for
applying a transverse direct current magnetic field includes
a plurality of electrically conducting cables arranged in an
assembly flanking the launch tube. In another present pre-
ferred aspect, the launch tube has a square cross section with
four electrically conducting rails mounted along each inte-
rior comer edge of the launch tube. In another present
preferred aspect, the rails consist of two pairs of non-
connected rails whereby each pair consists of a positive rail
connected to a positive terminal of a current source and a
negative rail connected to the negative terminal of the
current source.

[0016] In another presently preferred aspect, the means of
applying a transverse direct current magnetic field includes
a plurality of electrically conducting cables embedded
within the walls of the launch tube. In another present
preferred aspect, the launch tube has a square cross section
with a pair of electrically conducting rails embedded within
the top wall of the launch tube and a second pair of
electrically conducting rails embedded within the bottom
wall of the launch tube. In another present preferred aspect,
each rail pair extends the length of the launch tube and is
placed along the centerline of one of walls that form the
launch tube. In another present preferred aspect, each rail
pair consists of one positively charged rail and one nega-
tively charged rail of normal metal conductor which are
placed closely together yet are still electrically insulated
from each other. In another preferred aspect, unconnected
finger extensions extend laterally from the side of each rail
towards the inside edge of the square launch tube such that
current flows from the positively charged rail through a
subset of finger extensions then through the launch craft
before passing into a subset of finger extensions of the
negatively charged rail.

[0017] In another present preferred aspect, the means for
magnetically levitating and stabilizing the launch craft
includes the use of a plurality of closed conducting loops in
a predetermined geometry on integrated into the surfaces of
the launch craft that magnetically interact with current
flowing in the rails to vertically levitate and stabilize the
launch craft in a desired position as it travels down the
launch tube. In another present preferred aspect, the closed
conducting loops include a pair of superconducting planar
loops integrated into surfaces on opposite sides of the launch
craft. In another present preferred aspect, the means for
magnetically levitating and stabilizing the launch craft
includes the use of closed conducting loops in a predeter-
mined geometry on a plurality of surfaces of the launch craft
that magnetically interact with current flowing in the rails to
laterally stabilize the launch craft in a desired position as it
travels down the launch tube. In another present preferred
aspect, the closed conducting loops include a pair of super-
conducting loops formed into a figure of 8 geometry and
integrated into surfaces on opposite sides of the launch craft.
[0018] In another present preferred aspect, the means for
magnetically levitating and stabilizing the launch craft
includes the use of a plurality of superconducting loops
integrated into the walls of the launch tube. In another
present preferred aspect, the means for magnetically levi-
tating and vertically stabilizing the launch craft includes the
use of a plurality of closed conducting loops in a predeter-
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mined geometry on integrated into the surfaces of the launch
craft that magnetically interact with the superconducting
loops. In another present preferred aspect, the closed con-
ducting loops on the launch craft include a simple planar
loop embedded in a horizontal plane running through the
body of the launch craft. In another present preferred aspect,
the means for horizontally stabilizing the launch craft
includes the use of a plurality of closed conducting loops in
a predetermined geometry on integrated into the surfaces of
the launch craft that magnetically interact with the super-
conducting loops. In another present preferred aspect, the
closed conducting loops on the launch craft include two
interconnected planar loops integrated into opposite surfaces
of the launch craft.

[0019] In another present preferred aspect, the means of
magnetically levitating and vertically stabilizing the launch
craft includes a current conducting path formed by a rail pair
embedded in the top or bottom wall of the launch tube, the
segmented finger extensions extending from each rail in the
rail pair, the plasma arc spanning from the tips of the finger
extensions, and the metal thruster plate or thruster cables
integrated into the body of the launch craft. In another
preferred aspect, the means of magnetically stabilizing the
launch craft laterally within the launch tube includes the use
of closed conducting loops of a predetermined geometry
integrated into opposite lateral sides of the launch craft that
are interconnected by a crossover extension.

[0020] In another present preferred aspect, the means for
transmitting an electrical current includes conducting plates
integrated into the body of the launch craft, which provide
part of a current path from a positively charged rail to a
negatively charged rail. In another present preferred aspect,
the means for transmitting an electrical current includes
conducting wires integrated into the body of the launch craft,
which provide part of a current path from a positively
charged rail to a negatively charged rail. In another present
preferred aspect, the means for transmitting an electrical
current includes the formation of a plasma arc between the
rails and the launch craft, whereby current flows between the
rails and the launch craft. In another present preferred
aspect, the means for transmitting an electrical current
includes flexible conducting brushes attached to the launch
craft which directly contact the rails, whereby current flows
between the rails and the launch craft. In another present
preferred aspect, the means for transmitting an electrical
current includes flexible conducting brushes attached to the
rails which directly contact the launch craft, whereby current
flows between the rails and the launch craft.

[0021] The present invention also provides for system for
electromagnetically launching a launch craft, including a
launch tube having launch tube walls, a plurality of electri-
cally conducting rails mounted along a length of the launch
tube walls, and a plurality of electrically superconducting
loops arranged in an assembly flanking the launch tube and
configured to apply a transverse direct current magnetic field
to the launch tube and contents of the launch tube. A launch
craft is also provided that is configured to be removably
received in the launch tube. The launch craft includes a sabot
for carrying a payload, and a plurality of conductors are
located on the sabot that preferably are configured to provide
at least a portion of a current path from a positively charged
one of the plurality of rails to a negatively charged one of the
plurality of rails to transmit electrical current across the
sabot in the presence of the transverse direct current mag-
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netic field to accelerate the launch craft inside the launch
tube. A plurality of closed conducting loops preferably also
are located in a predetermined geometry on the sabot, and
the plurality of loops of conducting material preferably are
configured to interact with current in the plurality of elec-
trically conducting rails to magnetically levitate and verti-
cally stabilize the launch craft to minimize contact between
the launch craft and the launch tube as the launch craft
travels within the launch tube.

[0022] 1In a presently preferred aspect, the sabot includes
a parting line along which the sabot can separate from the
payload for launching the payload. In another presently
preferred aspect, the plurality of conductors located on the
sabot includes a pair of upper and lower conducting metal
plates. In another presently preferred aspect, the plurality of
closed conducting loops includes conducting loops located
on left and right sides of the sabot. In another presently
preferred aspect, the plurality of closed conducting loops
includes upper and lower figure of 8 conducting loops. In
another presently preferred aspect, the plurality of closed
conducting loops includes two interconnected planar loops
integrated into opposite surfaces of the sabot. In another
presently preferred aspect, the plurality of conductors
includes a plurality of flexible conducting brushes attached
to the sabot and configured to directly contact the rails for
carrying current between the rails and the launch craft. In
another presently preferred aspect, the plurality of conduc-
tors includes a plurality of flexible conducting brushes
attached to the rails and configured to directly contact the
rails for carrying current between the rails and the launch
craft.

[0023] The present invention also provides for a method
for electromagnetically launching a launch craft, including
the steps of providing a launch tube having launch tube
walls, a plurality of electrically conducting rails mounted
along a length of the launch tube walls, and a plurality of
electrically superconducting loops arranged in an assembly
flanking the launch tube that are configured to apply a
transverse direct current magnetic field to the launch tube
and contents of the launch tube. A launch craft including a
sabot for carrying a payload is also provided that is config-
ured to be removably received in the launch tube. A plurality
of conductors located on the sabot preferably are provided
that are configured to form at least a portion of a current path
from a positively charged one of the plurality of rails to a
negatively charged one of the plurality of rails to transmit an
electrical current across the sabot in the presence of the
transverse direct current magnetic field to accelerate the
launch craft inside the launch tube. A plurality of closed
conducting loops also are provided in a predetermined
geometry on the sabot, and the plurality of loops of con-
ducting material preferably are configured to interact with
current in the plurality of electrically conducting rails to
magnetically levitate and vertically stabilize the launch craft
to minimize contact between the launch craft and the launch
tube as the launch craft travels within the launch tube. A
transverse direct current magnetic field is applied to the
launch tube and the launch craft during launching of the
launch craft, and the launch craft is magnetically levitated
and stabilized to minimize contact between the launch craft
and the launch tube as the launch craft travels within the
launch tube, and the electrical current is transmitted to
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conducting plates integrated into the launch craft to provide
part of a current path from a positively charged rail to a
negatively charged rail.

[0024] In a presently preferred aspect, the step of applying
a transverse direct current magnetic field includes applying
the transverse direct current magnetic field by a plurality of
electrically conducting cables arranged in an assembly
flanking the launch tube. In another presently preferred
aspect, the step of applying a transverse direct current
magnetic field includes magnetically levitating and stabiliz-
ing the launch craft to minimize contact between the launch
craft and the launch tube as the launch craft travels within
the launch tube. In another presently preferred aspect, the
step of magnetically levitating and stabilizing the launch
craft involves magnetically levitating and stabilizing the
launch craft by a plurality of closed conducting loops
arranged in a predetermined geometry on integrated into the
surfaces of the sabot that magnetically interact with the
superconducting loops. In another presently preferred
aspect, the step of transmitting the electrical current involves
transmitting the electrical current in the presence of the
magnetic field to accelerate the launch craft inside the
launch tube. In another presently preferred aspect, the step
of transmitting the electrical current involves transmitting
the electrical current to conducting wires integrated into the
launch craft to provide part of a current path from a
positively charged rail to a negatively charged rail. In
another presently preferred aspect, the step of transmitting
the electrical current involves transmitting the electrical
current via a plasma arc between the rails and the launch
craft. In another presently preferred aspect, the step of
transmitting the electrical current involves transmitting the
electrical current to flexible conducting brushes attached to
the launch craft to provide part of a current path from a
positively charged rail to a negatively charged rail. In
another presently preferred aspect, the step of transmitting
the electrical current involves transmitting the electrical
current to flexible conducting brushes attached to the rails
which directly contact the launch craft to provide part of the
current path from a positively charged rail to a negatively
charged rail.

[0025] Because of the strong transverse DC magnetic
field, the launch craft can accelerate at much greater g levels
than 1s possible using superconducting loops and a traveling
AC current wave. For example, the launch craft can accel-
erate at 3000 g or more, compared to a maximum capability
of about 100 g for maglev systems that use high current
superconducting loops on the launch craft. The much higher
accelerations seen in the present invention results in much
shorter launch tubes. For example, launch velocities of 8
kilometers per second can be achieved with a 3000 g, 1
kilometer-long system, compared to a 30 g, 100 kilometer-
long Startram system.

[0026] The use of a strong transverse DC magnetic field
enables acceleration of the launch craft using much smaller
pulsed currents than required for railguns. As an example, a
system with a 5 Tesla transverse magnetic field and a current
of 1 million amps flowing through a sabot enclosing a
projectile or launch vehicle would have an acceleration force
of 5 million Newtons per meter of sabot cross-sectional
width. A 100 kilogram launch craft, enclosing either a
projectile or a launch vehicle, with a sabot width of 0.55
meters, would accelerate at 2700 g, reaching a velocity of 4
kilometers per second in only 300 meters and an orbital
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speed of 8 kilometers per second in only 1.2 kilometers.
Railguns, by comparison, must operate with much greater
pulsed currents, up to 5 to 6 million amps.

[0027] The very high energy efliciency and very low
heating rate exhibited in one embodiment enables it to
launch many satellites, with short intervals between
launches. For example. A launch system could easily launch
10 micro/nano satellites per day, each with a launch mass on
the order of 100 kg. Based on a 30% efficient transfer of
power from a conventional power source to the pulsed DC
current supply, the time-average electric power requirements
to the DC energy storage system would then be 1.2 mega-
watts. The energy cost for launching 100 kg launch craft
would be only $300, a trivial amount.

[0028] Other features and advantages of the present inven-
tion will become apparent from the following detailed
description, taken in conjunction with the accompanying
drawings, which illustrate, by way of example, the prin-
ciples of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIGS. 1A to 1C show different views of a launch
tube and superconducting cable assemblies in accordance
with one embodiment. FIG. 1A shows a cut-away perspec-
tive view. FIG. 1B shows a side view. FIG. 1C shows a top
View.

[0030] FIGS. 2A to 2E show views of a launch craft in
accordance with one embodiment.

[0031] FIG. 3 shows a cross-section view of a launch craft
within a launch tube immersed in an externally applied
direct current magnetic field.

[0032] FIGS. 4A to 4E show current flowing along rails
within a launch tube and various means to transmit current
from rails to the conducting plate on a launch craft.

[0033] FIGS. 5A and 5B show current flow along rails and
through the conducting plate at two time points in accor-
dance with one embodiment.

[0034] FIG. 6 shows a cross-sectional view of the position
of horizontal and vertical stabilization loops on launch craft
in accordance with one embodiment.

[0035] FIGS. 7A to 7C show different views of a launch
tube and superconducting cable assemblies in accordance
with one embodiment. FIG. 7A shows a cut-away perspec-
tive view. FIG. 7B shows a side view. F1G. 7C shows a top
view.

[0036] FIGS. 8A and 8B show views of a launch craft and
its stabilization coils in accordance with another embodi-
ment.

[0037] FIG. 9 shows a cross-section view of a launch craft
within a launch tube immersed in an externally applied
direct current magnetic field.

[0038] FIGS. 10A to 10E show current flowing along rails
within a launch tube and various means to transmit current
from rails to the conducting plate on a launch craft.
[0039] FIGS. 11A and 11B show current flow along rails
and through the conducting plate at two time points in
accordance with one embodiment.

[0040] FIG. 12 shows a cross-sectional view of the posi-
tion of horizontal and vertical stabilization loops on launch
craft in accordance with another embodiment.

[0041] FIG. 13 shows a perspective view of a launch craft
aligned with a cut-away section of a launcher in accordance
with one embodiment.
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[0042] FIG. 14 shows a perspective view of certain
selected components of the launch craft aligned with
selected components of the launch tube in accordance with
one embodiment.

[0043] FIG. 15 shows a cross-section view of a launch
craft within a launch tube with indicated current polarities in
the cables and rails in accordance with one embodiment.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0044] In one presently preferred embodiment, the elec-
tromagnetic launch system includes a launch tube 110 and
launch craft 210, as illustrated in FIGS. 1A-C and 2A-E,
respectively. As used herein, the term “launch craft” is
defined as a launch vehicle configured to be propelled from
within a launch tube and configured to carry one or more
payloads such as projectiles, other launch vehicles, space-
craft, aircraft, missiles, rockets, or other similar suitable
payloads that can be launched, and the like, and that typi-
cally is configured to separate from the one or more payloads
to be launched after the launch craft exits the launch tube.
[0045] Launch tube 110 has a square cross-section, with a
launch tube wall 112 constructed of polymer concrete,
non-conducting polymer, or other material that is both
non-conducting and sufficiently strong for the intended use.
Additionally, launch tube 110 can be closed at both ends to
enable the air inside it to be removed. The exit end 136 of
launch tube 110 could covered by a thin polymer membrane
or a mechanical hatch or shutter, or other means for pre-
venting air from entering the launch tube.

[0046] In one embodiment, conducting rails 114, 116, 118,
and 120 are partially embedded in the launch tube walls to
securely immobilize the rails during the launch process. The
rails are made of copper or aluminum, or other material
capable of carrying a predetermined current amperage. Rails
114, 116, 118, and 120 are placed so they run the length of
launch tube 110 along its inside corners. In one embodiment,
launch tube 110 is shown as a square tube with four rails 114,
116, 118, and 120 at the corners. However, other tube
geometries such as circular, triangular, or otherwise are
possible. Variations are also possible in the number and
placement of the current-conducting rails.

[0047] In one embodiment, flanking the sides of launch
tube 110 are the left and right sides of a superconducting
loop assembly 124, 126, which includes a plurality of
superconducting cables 122. Each cable 122 within assem-
bly 124, 126 is arranged to form a dipole loop. The left and
right sides of loop assembly 124, 126 that flank launch tube
110 are of sufficient length and height to exceed the entire
length and height of launch tube 110 to a sufficient degree to
generate transverse magnetic direct current field of a pre-
determined uniformity.

[0048] The electromagnetic launch system is not limited to
the embodiment shown in FIGS. 1A-C. The super conduct-
ing loop assembly 124, 126 can be constructed so that other
direct current magnetic field geometries can be used, such as
a quadrupole field or a sextapole field or other geometries.
[0049] In one embodiment, current is supplied to upper
left rail 114 and lower left rail 118 via positive electric
terminals 128 and 132, respectively, from an external energy
storage device capable of supplying direct current electric
power to the rails. Upper right rail 116 and lower right rail
120 are connected to the ground of the external energy
storage device by negative electric terminals 130 and 134,
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respectively. The external energy storage device could con-
sist of one or more batteries, a pulsed alternator, a super-
conducting magnetic energy storage system, or some other
similar suitable means. Current may also be separately
supplied to rails 114 and 118 by a plurality of energy storage
devices. Both the positive electric terminals 128 and 132 and
the negative electrical terminals 130 and 134 are shown as
connected to the starting end 138 of launch tube 110, though
it is also possible, in other embodiments, for the electrical
terminals to be located at the exit end 136 of launch tube
110.

[0050] As illustrated in FIGS. 2A-E, launch craft 210 of
one embodiment includes a sabot 212 which encloses a
projectile 220. Projectile 220 can also be designed to contain
a small rocket motor and spacecraft for transporting pay-
loads into orbit. Sabot also is preferably configured to be at
least partially frangible, and contains a parting line or
fracture line 218, along which the sabot can separate from
projectile 220 or other payload for launching the projectile
or other payload after launch craft 210 exits launch tube 110.
[0051] 1In one presently preferred aspect, sabot 212 has a
square cross section that is 60 centimeters on a side and is
of a pre-determined length sufficient to enclose projectile
220. Embedded into and flush with the top and bottom sides
of sabot 212 are conducting metal plates 222 and 224,
respectively, each of which can be made of ordinary con-
ducting metal such as aluminum or copper, or some other
similar suitable conducting material. In one presently pre-
ferred aspect, plates 222 and 224 each typically are 60
centimeter in width (thus spanning the width of sabot 212),
30 cm in length along the long axis of the sabot, and are 1
cm thick, though other dimensions for plates 222 and 224
are possible. The conducting metal surfaces of the lateral
ends of each conducting plate are exposed so that current
may flow from one rail across the plate to another rail. In this
embodiment, the conducting plates are ideally located in the
forward half of launch craft 210, though other embodiments
are possible. As an alternative to conducting plates 222 and
224 shown in FIGS. 2A-E, conducting wires on or embed-
ded into sabot 212 may also be used to carry current from
one rail to another. While launch craft 210 is shown in FIGS.
2A-E with a square cross section, other shapes are also
possible, including circular, elliptical, rectangular, and the
like.

[0052] In one embodiment, launch craft 210 also includes
conducting loops 226 and 228 located on the left and right
sides of the craft, respectively. Loops 226 and 228 are used
for launch craft levitation and vertical stabilization. Loops
226 and 228 are located aft of the conducting plates 222 and
224. The conducting loops 226 and 228 in this embodiment
are made of a superconducting material, though ordinary
metal conducting loops of a predetermined cross-sectional
area are also possible. The conducting loops 226 and 228, in
one embodiment, are each formed into a simple rounded
rectangular geometry and embedded within or mounted to
the sides of launch craft 210, although other geometries are
possible.

[0053] Launch craft 210, in one embodiment, also
includes conducting loops 230 and 232 located on the top
and bottom sides 238 and 240 of the launch craft, respec-
tively. Loops 230 and 232 are used for launch craft lateral
stabilization. Loops 230 and 232 are located aft of the
conducting plates 222 and 224. The conducting loops 230
and 232 in this embodiment preferably are made of a
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superconducting material, though ordinary metal conducting
loops of a predetermined cross-sectional area are also pos-
sible. Conducting loops 230 and 232 preferably are each
formed into in a simple figure of 8 shaped geometry and
embedded within or mounted to the top and bottom of
launch craft 210, although other geometries are possible.
[0054] 1In one embodiment, as illustrated in FIG. 3, launch
craft 210 is centered within launch tube 110 so that a 5 cm
gap 310 is maintained between the launch craft 210 and
launch tube wall 112. During operation, an electric arc 312
carries current across the gap between rails 114, 116, 118 and
120 and conducting plates 222 and 224. Furthermore, in its
centered position, launch craft 210 is immersed within a
transverse magnetic direct current field 314, the magnetic
field lines of which are orthogonal to the longitudinal axis
148 of launch tube 110. The magnetic field lines of field 314
flow from the top of the launch tube to the bottom. The
transverse magnetic direct current field 314 is generated by
superconducting loop assembly 124, 126 flanking the side
walls of the launch tube. Although FIG. 3 illustrates current
flow from rails 114, 116, 118 and 120 to the conducting
plates 222 and 224 by means of an electric arc, it is also
possible, as seen in FIG. 4, to conduct current by means of
conducting brushes 412 attached to sabot 212, which
directly contact the rails, or by means of conducting brushes
414 attached to rails 114,116, 118, and 120, which directly
contact sabot 212, or by means of conducting brushes 416 on
sabot 212, which do not directly contact the rails but instead
narrow the gap between rail and conducting plates, and
thereby aid in the formation of an electric arc.

First Embodiment Operation

[0055] The Launch craft is accelerated along the launch
tube by a Lorentz force generated by the interaction between
the transverse direct current (DC) dipole magnetic field 314
and the current flowing through conducting plates 222 and
224 located on sabot 212.

[0056] The DC dipole magnetic field inside launch tube
110 is generated by superconducting (SC) loop assembly
124, 126. The SC cables present in assembly 124, 126 run
along the left and right exterior sides of launch tube 110 and
are connected together at a predetermined distance and
position away from the start 138 and exit 136 ends of launch
tube 110 to form a set of long loops that carry continuous,
constant DC current. The left and right sides are connected
at a sufficient distance from the ends of launch tube 110 so
that the desired uniformity of field 314 is not affected.
[0057] In one embodiment, current flows through the right
side SC cables of assembly 124, 126 in a direction from start
138 towards exit 136 of launch tube 110, and current flows
through the left side SC cables of assembly 124, 126 in a
direction from exit 136 towards beginning 138 of launch
tube 110. Seen from above, current moves around the loops
of assembly 124, 126 in a counter-clockwise direction. A
transverse DC dipole magnetic field 314 is thereby gener-
ated by current flowing in assembly 124, 126. Magnetic field
314 is orthogonal to the long axis of launch tube 110, with
field lines flowing down from top to bottom through the
launch tube. The strength of DC dipole magnetic field 314
generated by the assembly 124, 126 is constant in time
during the launch process, including before launch craft 210
is accelerated, while it is being accelerated, and after it exits
the launch tube 110. Depending on design, the supercon-
ducting cable assembly can be modified so that transverse
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DC dipole magnetic field 314 varies in strength spatially
along the length of the launch tube.

[0058] 1In one embodiment, as illustrated in the cross-
sectional view of the launch tube 110 shown in FIG. 3,
current flows from a current source down the upper left rail
114 (into the paper), across the upper conducting plate 222,
and returns along rail 116 (out of the paper). The interaction
of the current flowing in rails 114 and 116 and conducting
plate 222 with the transverse DC dipole magnetic field 314
generates a magnetic force that accelerates launch craft 210
along launch tube 110 is in a given direction (into the paper).
Similarly, current flows from a current source down the
lower left rail 118 (into the paper), across the lower con-
ducting plate 224, and returns along rail 120 (out of the
paper). The interaction of the current flowing in rails 118 and
120 and conducting plate 224 with the transverse DC dipole
magnetic field 314 generates a magnetic force that acceler-
ates launch craft 210 along launch tube 110 is in a given
direction (into the paper).

[0059] The arrangement shown in FIG. 3 is arbitrary. If the
directions of the currents in the superconducting loop assem-
bly 114 were reversed, for example, the transverse DC
dipole magnetic field lines would flow upwards. Accord-
ingly, current flows in rails 114, 116, 118 and 120 would be
modified so that the generated magnetic force would act to
push launch craft 210 towards exit 136 of launch tube 110.
Furthermore, the orientation of the embodiment shown in
FIGS. 1A-C can be rotated. Depending on design, the
transverse magpetic field can be at any angle with respect to
Earth’s gravity vector.

[0060] The total force exerted on launch craft 210 is then

F=2IxBxW Eq. 1

[0061] Where

[0062] I=DC Current in the top or bottom plate, Amp

[0063] B=Strength of dipole DC magnetic field, Tesla

[0064] W=Width of conducting plate or wires across the

sabot, meters

[0065] For

[0066] 1=500,000 Amps

[0067] B=5 Tesla

[0068] W=0.6 meters
[0069] Thus, in the given example, the exerted force is
F=2x500,000 Ampsx5 Teslax0.6 meters, or 3.0 million
Newtons (N). Applied to a 100 kg launch craft, the accel-
eration would be 3000 g.
[0070] Transfer of Current Along and Between the Rails
and Through the Launch Craft:
[0071] As shown in the schematic FIGS. 4 and 5, current
only flows out of the DC rails at the location of the
accelerating launch craft. Note that the rails illustrated in
FIGS. 4 and 5 have been drawn as displaced laterally from
their actual position so that the flow of current can be
visualized. In actuality, current only flows vertically
between rail and conducting plate (as shown in FIG. 3) so
that the plasma arc is not affected by the transverse field. As
launch craft 210 moves along the launch tube, the DC
current flows only across into sabot 212, and not at other
locations across the full width of the launch tube due to the
presence of a high vacuum in launch tube 110. The presence
of a high vacuum ensures a very high electrical resistance
across the full width of launch tube 110, preventing the
formation of an electrical arc that directly spans the rails.
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[0072] At the points where DC current flows from rails
into the sabot, the electrical resistance is low. There are a
number of possible arrangements that enable large DC
currents to flow from the DC rails into and out of the moving
sabot. These possible arrangements include the four arrange-
ments shown in FIG. 4.

[0073] 1. DC plasma arcs between the DC rails and the
sabot conducting plate.

[0074] 2. Flexible conducting brushes 412 mounted to
conducting plates 224 and 226 of sabot 212 conducting
plate, which contact the DC rails.

[0075] 3. Flexible conducting brushes 414 mounted to the
DC rails that contact conducting plates of 224 and 226 of
sabot 212.

[0076] 4. DC plasma arcs between DC rails and flexible
conducting brushes 416 mounted to conducting plates 222
and 224 on sabot 212.

[0077] Arrangement number 1 has the attractive feature
that there is no mechanical contact between the rail and the
sabot. Arrangement number 2 has the attractive feature that
the conducting flexible brush on the sabot is only used once
during the launch for a fraction of a second, and not for
multiple launches. Arrangement number 4 has the attractive
feature that there is no mechanical contact unless the sabot
momentarily touches the DC rail due to a position anomaly
(e.g., the displacement of a rail, etc.). In this event, the
flexible conducting brush prevents any mechanical damage.
In arrangement number 4, the plasma arc length is very
small, less than 1 centimeter.

[0078] Inone embodiment, the top rail pair, including rails
114 and 116, can operate independently of the bottom rail
pair, including rails 118 and 120, with each pair connected
to its own DC current power source. The DC current in the
top pair can be controlled to be equal the DC current in the
bottom pair, or different, depending on design. Alternatively,
both rail pairs can be connected to the same power source.

[0079] The DC rails 114, 116, 118 and 120 run the full
length of the launch tube 110. At the starting end 138 of the
launch tube, the ends 0f 114, 116, 118 and 120 are connected
to the DC current/power source via electrical terminals 128,
130, 132, and 134, respectively. At the exit end 136 of
launch tube 110, the rails are not electrically connected
together. The DC current in the rail pair then flows from the
DC current/power source out along one rail to the acceler-
ating launch craft 210, where it flows into the conducting
plate or wires on the moving launch craft, and then out of the
conducting plate or wires to the other rail of the pair, in
which it flows back to the DC current/power source. When
the DC rail current begins to flow through launch craft 210,
the launch craft accelerates along the launch tube with the
length of the DC rail current path increasing as the distance
of the launch craft from the start point increases, as shown
in FIG. 5.

[0080] If the supplied DC rail current comes from elec-
trical terminals located at start 138 of launch tube 110, as is
shown in FIGS. 1A-C, the conducting plates 222 and 224 on
accelerating launch craft 210 would be located forward of
the conducting loops 226, 228, 230, and 232. This enables
loops 226, 228, 230, and 232 to interact with the currents in
DC rails 114, 116, 118 and 120. If the DC rail current comes
from electrical terminals located at exit 136 of the launch
tube, loops 226, 228, 230, and 232 would be located aft of
conducting plates 222 and 224.
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[0081] One advantage of locating the DC current power
sources and their connectors to the rail pairs at the starting
end 138 of launch tube 110 is that the launch process results
in a lateral outwards force applied to the rails, pressing them
against the wall of the launch tube.

[0082] Energy Losses During the Launch Process:
[0083] During the launch process, the energy losses (“I°R
losses”) in the normal conductor DC rails 114,116, 118, and
120 are small compared to the kinetic energy imparted to the
launch craft, and the corresponding temperature rise in the
rails 1s very small. As an example, a 100 kg launch craft
launched at 8 kilometers per second has a kinetic energy of
3200 megajoules. The I°R losses in one of the DC rails
during the acceleration process are only 20 megajoules, for
an 8 inch square (20 cmx20 cm) copper rail carrying
500,000 amps. Total 17R losses for the four DC rails shown
in FIG. 3 would be 80 megajoules, only 2.5% of the 3200
megajoules kinetic energy of the 100 kg launch craft. The
temperature rise in DC copper rails would also be very
small. For the example described above, the average tem-
perature rise in the 20 cmx20 cm DC copper rails carrying
500,000 amps for up to 0.26 second would be only 0.3
degrees centigrade. The I°R energy losses in the conducting
plates 222 and 224 of the sabot 212 that transfer the current
from the positively charged DC rails to the negatively
charged rails are much smaller even than the I°R energy
losses in the DC rails.

[0084] Inone embodiment, as shown in FIGS. 1A-C, if the
dimensions of the conducting plates 222 and 224 on the top
and bottom, respectively, of the accelerating sabot are 1 cm
thick by 60 cm width across the width of the sabot and 30
cm long in the direction of travel, and they are made of
aluminum and carry 500,000 amps, the I°R loss for each
plate is only 0.36 megajoules during the 0.26 second accel-
eration phase to 8 kilometers per second launch velocity.
The total I’R energy loss for the two conducting plates is
then 0.7 megajoules, about Ysoooth of the launch craft’s
kinetic energy at 8 kilometers per second. The correspond-
ing temperature rise is greater in the conducting plates (80°
C.) than in the DC rails (0.3° C.) because of their smaller
cross-sections, e.g., 30 cm? compared to 400 cm” for the DC
rails, but is acceptable. Increasing the plate thickness to 1.5
centimeters would reduce the temperature rise by a factor of
(1.5)2, down to 35° C.

[0085] Levitation and Stabilization of Launch Craft:
[0086] In one embodiment, launch craft 210 is magneti-
cally levitated as it is magnetically accelerated along launch
tube 110 so that the launch craft does not contact the walls
of the launch tube. The levitated launch craft is inherently
and automatically stabilized, both vertically and laterally, to
keep the craft at its equilibrium levitated position inside the
launch tube. If an external force were to act on the launch
craft, pushing it vertically or laterally away from its equi-
librium levitated position, an automatic, inherent magnetic
force will oppose the external force, preventing the launch
craft from contacting the wall of the launch tube.

[0087] 1In one embodiment, the method for stabilizing the
launch craft is illustrated in FIG. 6. Launch craft 210 has
loops of conducting material 226, 228, 230 and 232 in which
currents may be induced by the magnetic fields of the DC
rails 114, 116, 118 and 120 if the launch craft deviates from
the centered position in launch tube 110. When launch craft
210 is centered in the launch tube, the induced current in
loops 226, 228, 230 and 232 is zero. The magnetic interac-
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tions between induced currents in the loops 226,228, 230
and 232 on launch craft and the DC rails 114, 116, 118 and
120 act to push the launch craft back towards its centered
position.

[0088] Vertical Levitation and Stabilization:

[0089] In the embodiment illustrated in FIG. 6, the left
dipole loop 226 and the right dipole loop 228 located on the
left and right sides of launch craft 210, respectively, provide
both levitation and vertical stability for the launch craft.
When vertically centered between the upper DC rail pair
(114 and 116) and the lower DC rail pair (118 and 120), the
magnetic flux through dipole loops 226 and 228 is zero, and
the induced current is zero. The magnetic flux from the
background DC transverse magnetic field 314 is also zero
because the transverse DC field direction is parallel to the
plane of dipole loops 226 and 228.

[0090] If the launch craft moves upwards or downwards
from its centered position in the launch tube, the net mag-
netic flux through dipole loops 226 and 228 from the DC
rails pairs above and below the loops becomes non-zero, and
current is induced in the loops. If launch craft 210 moves
downwards, the magnetic flux through dipole loops 226 and
228 from the bottom DC rails 118 and 120 becomes greater
than the oppositely directed magnetic flux from the top DC
rails 114 and 116. The induced currents in dipole loops 226
and 228 then interact with the magnetic fields from the DC
rails 114, 116, 118 and 120 to push the launch craft upwards.
The bottoms of dipole loops 226 and 228 are pushed
upwards by the repulsive force between the oppositely
directed currents in the bottom DC rails 118 and 120 and the
bottoms of dipole loops 226 and 228. The tops of dipole
loops 226 and 228 are attracted upwards by the attractive
force between the currents flowing in the same direction in
the top DC rails 114 and 116 and the tops of dipole loops 226
and 228.

[0091] In one embodiment, the weight of the launch craft
210 pushes the launch craft downwards very slightly from
its centered position, on the order of 1 millimeter, from its
position where dipole loops 226 and 228 are exactly cen-
tered between the top and bottom DC rail pairs. The down-
ward displacement generates enough current in dipole loops
226 and 228 that an upwards magnetic force is generated
that equals the weight of the launch craft 210. During the
acceleration phase of the launch process, launch craft 210 is
accelerated along the launch tube 110 at a small vertical
downwards displacement from the centered position.
[0092] Any displacement, up or down, of launch craft 210
from its equilibrium levitated position during the travel of
the launch craft along the launch tube 110 instantly and
inherently acts to push the launch craft back to its equilib-
rium position. The strength of the restoring force is propor-
tional to and increases with the amount of displacement. For
the example shown, when using 1 meter-long dipole loops,
the restoring force is on the order of 20 g for a 100 kg launch
craft that is displaced 1 cm up or down from its equilibrium
levitation position. For the dipole loops 226 and 228 to
contact a DC rail, a 5 cm displacement would be required
and would result in a magnetic restoring force of well over
100 g.

[0093] The induced currents in loops 226 or 228 will
experience magnetic forces by interacting with the trans-
verse DC magnetic field. However, the net magnetic force
acting on the launch craft from these interactions is zero. For
example, if loop 226 or 228 is below its centered position in
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FIG. 6, the current in the conductor at the top of loops 226
or 228 will experience a laterally directed outwards mag-
netic force on the sabot towards the launch tube wall from
its interaction with the transverse DC magnetic field, while
the oppositely directed current at the bottom of loop 226 or
228 experiences an equal lateral inwards (away from the
launch tube wall) force on the sabot. The net magnetic force
exerted on launch craft 210 is zero for any vertical displace-
ment.

[0094] The circuits of vertical dipole loops 226 and 228 do
not experience magnetic inductions from the DC transverse
magnetic field as the launch craft accelerates along the
launch tube, because the planes of the loops 226 and 228 are
parallel to the transverse DC magnetic field.

[0095] Lateral Stabilization:

[0096] In one embodiment, launch craft 210 is laterally
stabilized by loops 230 and 232 shown in FIG. 6 at the top
and bottom of the sabot. Loops 230 and 232 are “Figure of
8” loops. A “Figure of 8” loop is a loop in which two planar
dipole loops are connected together into a circuit so that one
planar dipole loop, e.g., the left loop of the pair, is wound
clockwise, while the other loop is wound counterclockwise.
[0097] In their Figure of 8 configuration, loops 230 and
232 experience pulse of external magnetic field 314 in which
the magnetic flux through the left loop is equal to the
magnetic field pulse through the right loop, the net magnetic
field pulse through the Figure of 8 loop circuit is zero, and
no current will be induced in the circuit.

[0098] This zero net flux condition holds as long as loops
230 and 232 are centered horizontally between the DC rails.
If loops 230 and 232 move leftwards of the center position,
there is a non-zero net magnetic flux within the circuit of
loops 230 and 232 circuit, from the DC rails inducing a
current in loop. The current in the portion of loops 230 and
232 next to the left DC rail flows in a direction opposite to
that in the DC rail. That produces a rightward directed
magnetic force between the left DC rail and the current in
loops 230 and 232 next to it, pushing the sabot rightwards,
back towards its centered position.

[0099] Similarly, the current in the right DC rail magneti-
cally interacts with the current in the right side of loops 230
and 232 next to it, which flows in the same direction as that
in the DC rail, pulling the sabot rightwards back to its
centered position.

[0100] If the launch craft is displaced rightwards from its
centered position, the currents in loops 230 and 232 circuit
flow in a direction opposite to that for a leftward displace-
ment. The left DC rail and loops 230 and 232 current next
to it magnetically interact to pull the sabot leftwards back
towards the centered position, while the right DC rail and the
loops 230 and 232 current next to it magnetically interact to
push the sabot back towards its centered position. For the
example shown in FIG. 6, the restoring force is on the order
of 5 g per centimeter of displacement and 25 g for 5
centimeters, the distance between the sides of loops 230 and
232 circuit and the DC rails.

[0101] The figure-of-eight loops 230 and 232 also do not
experience magnetic induction from the transverse DC mag-
netic field as launch craft 210 accelerates along launch tube
110. Prior to cooling loops 230 and 232 to superconducting
temperatures in the launch tube, they are already immersed
in the DC magnetic field 314. After loops 230 and 232
become superconducting, there is no current induced in
them as the launch craft 210 accelerates along the launch
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tube 110, because they are always in the constant DC
transverse magnetic field 314. Loops 230 and 232 only carry
induced currents if they move laterally with respect to the
centered position between the upper DC rails 114 and 116
and between the centered position between the lower DC
rails 118 and 120.

[0102] Superconducting Loops on Launch Craft:

[0103] Inthe embodiment illustrated in FIG. 6, for launch
craft 210 levitation and stability, loops 226, 228, 230, and
232 are composed of high temperature superconductors
(HTS) instead of normal metal conductors, to prevent resis-
tive decay of the currents induced in the loops by the lateral
and vertical displacements. The use of superconductors for
loops 226, 228, 230, and 232 is preferred for this embodi-
ment to minimize non-payload mass within launch craft 210,
however it is possible to use ordinary metal conductors to
provide levitation and stability to the launch craft.

[0104] In one embodiment, the induced currents in the
circuits of loops 226, 228, 230, and 232 are small, on the
order of 10,000 amps, and can be carried in small amounts
of superconductor compared with non-superconducting con-
ductors. The superconductors would be cooled to supercon-
ducting temperatures just prior to launch using conventional
liquid nitrogen coolant, with the superconductors remaining
in the superconducting state during the launch period.
[0105] In an alternate embodiment, the electromagnetic
launch system is similar to the embodiment already
described, but differs in several key regards with respect to
the composition of the launch tube, the launch craft, and also
in the method of operation. The electromagnetic launch
system preferably includes a launch tube 710 and launch
craft 810, as illustrated in FIGS. 7A-C and 8A and B,
respectively.

[0106] Launch tube 710 has a square cross-section, with a
launch tube wall 712 constructed of polymer concrete,
non-conducting polymer or other material that is both non-
conducting and sufficiently strong for the intended use.
Launch tube 710 can be closed at both ends to enable the air
inside it to be removed. The exit end 736 of launch tube 710
could covered by a thin polymer membrane or a mechanical
hatch or shutter, or other means for preventing air from
entering the launch tube. The starting end 738 of launch tube
710 may be covered by a mechanical hatch or tube end
covering 740, or shutter, or other means for preventing air
from entering the launch tube.

[0107] Conducting rails 714, 716, 718, and 720 preferably
are partially embedded in the launch tube walls to securely
immobilize the rails during the launch process. The rails are
made of copper or aluminum, or other material capable of
carrying a predetermined current amperage. Rails 714,716,
718, and 720 are placed so they run the length of launch tube
710 along its inside corners. In another presently preferred
aspect, launch tube 710 is shown as a square tube with four
rails 714, 716,718, and 720 at the corners. However other
tube geometries such as circular, triangular, or otherwise are
possible, as are variations in the number and placement of
the current-conducting rails.

[0108] Flanking the sides of launch tube 710 preferably
are the left side 724 and right side 726 of a superconducting
loop assembly, which includes a plurality of superconduct-
ing cables 722. Each cable 722 within assembly 724, 726 is
arranged to form a dipole loop. The left and right sides of
loop assembly 724, 726 that flank launch tube 710 are of
sufficient length and height to exceed the entire length and
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height of launch tube 710 to a sufficient degree to generate
transverse magnetic direct current field of a predetermined
uniformity.

[0109] The electromagnetic launch system is not limited to
the embodiment shown in FIG. 7. The super conducting loop
assembly 724, 726 can be constructed so that other direct
current magnetic field geometries can be used such as a
quadrupole field or a sextapole field or other geometries.
[0110] In one presently preferred aspect, current is sup-
plied to upper left rail 714 and lower left rail 718 via positive
electric terminals 728 and 732, respectively, from an exter-
nal energy storage device capable of supplying direct current
electric power to the rails. Upper right rail 716 and lower
right rail 720 are connected to the ground of the external
energy storage device by negative electric terminals 730 and
734, respectively. The external energy storage device could
consist of batteries, a pulsed alternator, a superconducting
magnetic energy storage system, or some other means.
Current may also be separately supplied to rails 714 and 718
by a plurality of energy storage devices. Both the positive
electric terminals 728 and 732 and the negative electrical
terminals 730 and 734 are shown as connected to the starting
end 738 of launch tube 710, though it is also possible, in
other variants, for the electrical terminals to be located at the
exit end 736 of launch tube 710. As is illustrated in FIGS.
7A, 7B and 12, a plurality of pairs of superconducting loops
750 that can be energized in addition to the left and right
portions of the superconducting loop assembly 724, 726
may also be located on the left and right walls 742, 744 of
the launch tube 710, as will be explained further below.
[0111]  As illustrated in FIGS. 8 A and 8B, launch craft 810
includes a sabot 812 which encloses a projectile 820. Pro-
jectile 820 can also be designed to contain a small rocket
motor and spacecraft for transporting payloads into orbit.
Sabot 812 also preferably at least partially frangible, and
contains a parting line or fracture line 818, along which the
sabot can separate from projectile 820 or other payload for
launching the projectile or other payload after launch craft
810 exits launch tube 710. While launch craft 810 is shown
in FIG. 8A with a square cross section, other shapes are also
possible, including circular, elliptical, rectangular, and the
like.

[0112] As shown in FIGS. 8A and 8B, sabot 812 has a
square cross section that is 60 centimeters on a side and is
of a pre-determined length sufficient to enclose projectile
820. Embedded into and flush with the top and bottom sides
of sabot 812 are conducting metal plates 822 and 824,
respectively, each of which can be made of ordinary con-
ducting metal such as aluminum or copper, or some other
conducting material. In one presently preferred aspect,
plates 822 and 824 each are 60 centimeter in width (thus
spanning the width of sabot 812), 30 cm in length along the
long axis of the sabot, and are 1 cm thick, though other
dimensions for plates 822 and 824 are possible. The con-
ducting metal surfaces of the lateral ends of each conducting
plate are exposed so that current may flow from one rail
across the plate to another rail. The conducting plates are
ideally located in the forward half of launch craft 810,
though other configurations are possible. As an alternative to
conducting plates 822 and 824 shown in FIG. 8§ A, conduct-
ing wires on or embedded into sabot 812 may also be used
to carry current from one rail to another.

[0113] Launch craft 810 also preferably includes conduct-
ing loops 826 and 828 located on the left and right sides of
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the craft, respectively. Loops 826 and 828 are used for
launch craft lateral stabilization. Loops 826 and 828 located
forward of the conducting plates 822 and 824. Loops 826
and 828 are electrically interconnected by interconnection
830. The conducting loops 826 and 828, as well as inter-
connection 830, are made of an ordinary metal such as
copper or aluminum of a predetermined cross-sectional area,
though the use of other conductors is possible. Conducting
loops 826 and 828 are embedded within or mounted to the
sides of launch craft 810 in a simple rounded rectangular
geometry, although other geometries are possible.

[0114] Launch craft 810, in another embodiment illus-
trated in FIG. 8B, also includes a horizontally planar con-
ducting loop 832 embedded within the sabot 812 of the
launch craft. Loop 832 is used for launch craft vertical
levitation and stabilization. Loop 832 is located forward of
conducting plates 822 and 824. Conducting loop 832 in this
embodiment is made of an ordinary metal conductor such as
copper or aluminum of a predetermined cross-sectional area.
Conducting loop 832 is embedded within launch craft 810 in
a simple planar and rectangular loop geometry. Conducting
loop 832 can be made of other conductors as well. Another
alternative embodiment may include multiple planar loops
for vertical levitation and stabilization.

[0115] In another embodiment, as illustrated in FIG. 9,
launch craft 810 is centered within launch tube 710 so that
typically a 5 cm gap 910 is maintained between the launch
craft 810 and launch tube wall 712. During operation, an
electric arc 912 carries current across the gap between rails
714, 716, 718, and 720 and conducting plates 822 and 824.
Furthermore, in its centered position, launch craft 810 is
immersed within a transverse magnetic direct current field
914, the magnetic field lines of which are orthogonal to the
long axis of launch tube 710. The magnetic field lines of
field 914 flow from the top of the launch tube to the bottom.
The transverse magnetic direct current field 914 is generated
by superconducting loop assembly 724, 726 flanking the
side walls of the launch tube. Although FIG. 9 illustrates
current flow from rails 714, 716,718, and 720 to the con-
ducting plates 822 and 824 by means of an electric arc, it is
also possible, as seen in FIG. 10, to conduct current by
means of conducting brushes 1012 attached to sabot 812,
which directly contact the rails, or by means of conducting
brushes 1014 attached to rails 714,716, 718, and 720, which
directly contact sabot 812, or by means of conducting
brushes 1016 on sabot 812, which do not directly contact the
rails but instead narrow the gap between rail and conducting
plates, and thereby aid in the formation of an electric arc.

[0116] In this alternate embodiment, the launch craft is
accelerated along the launch tube by a Lorentz force gen-
erated by the interaction between the transverse magnetic
DC field 914 and the current flowing through conducting
plates 822 and 824 located on sabot 812. The DC dipole
magnetic field inside launch tube 710 is generated by
superconducting (SC) loop assembly 724. The SC cables
722 present in assembly 724, 726 run along the left and right
sides of launch tube 710 to form a set of long loops that carry
continuous, constant DC current. The left and right sides are
connected at a sufficient distance from the ends of launch
tube 710 so that the desired uniformity of field 914 is not
affected. In another embodiment, current flows through the
left side SC cables of assembly 724 in a direction from
beginning 738 towards exit 736 of launch tube 710, and
current flows through the right side SC cables of assembly
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724 in a direction from exit 736 towards beginning 738 of
launch tube 710. A transverse DC dipole magnetic field 914
is generated by current flowing in assembly 724, 726.
Magpnetic field 914 is orthogonal to the long axis of launch
tube 710, with field lines flowing down from top to bottom
through the launch tube. The strength of DC dipole magnetic
field 914 generated by the assembly 724, 726 is constant in
time during the launch process, both before launch craft 810
1s accelerated, while it is being accelerated, and after it exits
the launch tube 710. Depending on design, the supercon-
ducting cable assembly can be modified so that transverse
DC dipole magnetic field 914 varies in strength spatially
along the length of the launch tube.

[0117] In another embodiment, as illustrated in the cross-
sectional view of the launch tube 710 shown in FIG. 9,
current flows down the upper left rail 714 (into the paper),
across the upper conducting plate 822, and returns along rail
716 (out of the paper). The interaction of the current flowing
in rails 714 and 716 and conducting plate 822 with the
transverse DC dipole magnetic field 914 generates a mag-
netic force that is in the direction into the paper. Similarly,
current flows down the lower left rail 718 (into the paper),
across the lower conducting plate 824, and returns along rail
720 (out of the paper). The interaction of the current flowing
in rails 718 and 720 and conducting plate 824 with the
transverse DC dipole magnetic field 914 generates a mag-
netic force that is in the direction into the paper.

[0118] The arrangement shown in FIG. 9 is arbitrary. If the
directions of the currents in the superconducting loop assem-
bly 714 were reversed, for example, the transverse DC
dipole magnetic field would be upwards. Accordingly, cur-
rent flows in rails 714, 716, 718, and 720 would modified so
that the generated magnetic force would act to push launch
craft 810 towards exit 736 of launch tube 710. The orien-
tation of the embodiment shown in FIG. 7 can be rotated.
Depending on design details, the transverse magnetic field
can be at any angle with respect to Earth’s gravity vector.

[0119] The total force exerted on launch craft 810 is then

F=2IxBxW Eq. 1

[0120] Where

[0121] I=DC Current in the top or bottom plate, Amp

[0122] B=Strength of dipole DC magnetic field, Tesla

[0123] W=Width of conducting plate or wires across the

sabot, meters

[0124] For

[0125] 1=500,000 Amps

[0126] B=5 Tesla

[0127] W=0.6 meters
[0128] Applied to a 100 kg launch craft, the acceleration
would be 3000 g.
[0129] Transfer of Current Along and Between Rails and
Through Launch Craft:
[0130] As shown in the schematic FIGS. 10 and 11,
current only flows out of the DC rails at the location of the
accelerating launch craft. Note that the rails illustrated in
FIGS. 10 and 11 have been drawn as displaced laterally from
their actual position so that the flow of current can be
visualized. In actuality, current only flows vertically
between rail and conducting plate (as shown in FIG. 9) so
that the plasma arc is not affected by the transverse field. As
launch craft 810 moves along the launch tube, the DC
current flows only across into sabot 812, and not at other
locations across the full width of the launch tube due to the
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presence of a high vacuum in launch tube 710. The presence
of a high vacuum ensures a very high electrical resistance
across the full width of launch tube 710, preventing the
formation of an electrical arc that directly spans the rails.
[0131] At the points where DC current flows from rails
into the sabot, the electrical resistance is low. There are a
number of possible arrangements that enable large DC
currents to flow from the DC rails into and out of the moving
sabot. These possible arrangements include the four arrange-
ments shown in FIG. 10.

[0132] 1. DC plasma arcs between the DC rails and the
sabot conducting plate.

[0133] 2. Flexible conducting brushes 1012 mounted to
conducting plates 824 and 826 of sabot 812 conducting
plate, which contact the DC rails.

[0134] 3. Flexible conducting brushes 1014 mounted to
the DC rails that contact conducting plates of 824 and 826
of sabot 812.

[0135] 4. DC plasma arcs between DC rails and flexible
conducting brushes 1016 mounted to conducting plates 822
and 824 on sabot §12.

[0136] Arrangement number 1 has the attractive feature
that there is no mechanical contact between the rail and the
sabot. Arrangement number 2 has the attractive feature that
the conducting flexible brush on the sabot is only used once
during the launch for a fraction of a second, and not for
multiple launches. Arrangement number 4 has the attractive
feature that there is no mechanical contact unless the sabot
momentarily touches the DC rail due to a position anomaly
(e.g., the displacement of a rail, etc.). In this event, the
flexible conducting brush prevents any mechanical damage.
In arrangement number 4, the plasma arc length is very
small, typically less than 1 centimeter.

[0137] Inone embodiment, the top rail pair, including rails
714 and 716, can operate independently of the bottom rail
pair, including rails 718 and 720, with each pair connected
to its own DC current power source. The DC current in the
top pair can be controlled to be equal the DC current in the
bottom pair, or different, depending on design. Alternatively,
both rail pairs can be connected to the same power source.
[0138] The DC rails 714, 716, 718, and 720 run the full
length of the launch tube 710. At the starting end 738 of the
launch tube, the ends of 714, 716, 718, and 720 are con-
nected to the DC current/power source via electrical termi-
nals 728, 730, 732, and 734, respectively. At the exit end 736
of launch tube 710, the rails are not electrically connected
together. The DC current in the rail pair then flows from the
DC current/power source out along one rail to the acceler-
ating launch craft 810, where it flows into the conducting
plate or wires on the moving launch craft, and then out of the
conducting plate or wires to the other rail of the pair, in
which it flows back to the DC current/power source. When
the DC rail current begins to flow through launch craft 810,
the launch craft accelerates along the launch tube with the
length of the DC rail current path increasing as the distance
of the launch craft from the start point increases, as shown
in FIGS. 11A and 11B.

[0139] If the supplied DC rail current comes from an
energy source located at the start 738 of launch tube 710, the
conducting plates 822 and 824 on accelerating launch craft
810 would be located forward of the conducting loops 826,
828, and 832. This enables loops 826,828, and 832 to
interact with the currents in DC rails 714, 716, 718, and 720.
If the DC rail current comes from an energy source located
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at exit 736 of the launch tube, loops 826, 828, and 832 would
be located forward of conducting plates 822 and 824.

[0140] One advantage of locating the DC current power
sources and their connectors to the rail pairs at the starting
end 738 of launch tube 710 is that the launch process results
in a lateral outwards force on the rails, pressing them against
the wall of the launch tube.

[0141] Energy Losses During the Launch Process:

[0142] During the launch process, the energy losses (“I°R
losses”) in the normal conductor DC rails 714, 716, 718, and
720 are small compared to the kinetic energy imparted to the
launch craft, and the corresponding temperature rise in the
rails is very small.

[0143] As an example, a 100 kg launch craft launched at
8 kilometers per second typically has a kinetic energy of
3200 megajoules. The I°R losses in one of the DC rails
during the acceleration process are only 20 megajoules, for
an 8 inch square (20 cmx20 cm) copper rail carrying
500,000 amps. Total 1R losses for the four DC rails shown
in FIG. 9 would be 80 megajoules, only 2.5% of the 3200
megajoules kinetic energy of the 100 kg launch craft. The
temperature rise in DC copper rails would also be very
small. For the example described above, the average tem-
perature rise in the 20 cmx20 cm DC copper rails carrying
500,000 amps for up to 0.26 second would be only 0.3
degrees centigrade. The I°R energy losses in the conducting
plates 822 and 824 of the sabot 812 that transfer the current
from the positively charged DC rails to the negatively
charged rails are much smaller even than the I°R energy
losses in the DC rails.

[0144] In another embodiment, as shown in FIGS. 8A and
8B, if the dimensions of the conducting plates 822 and 824
on the top and bottom, respectively, of the accelerating sabot
are 1 cm thick by 60 cm width across the width of the sabot
and 30 cm long in the direction of travel, and they are made
of aluminum and carry 500,000 amps, the I°R loss for each
plate is only 0.36 megajoules during the 0.26 second accel-
eration phase to 8 kilometers per second launch velocity.
The total I’R energy loss for the two conducting plates is
then 0.7 megajoules, about Ysocoth of the launch craft’s
kinetic energy at 8 kilometers per second. The correspond-
ing temperature rise is greater in the conducting plates (80°
C.) than in the DC rails (0.3° C.) because of their smaller
cross-sections, e.g., 30 cm? compared to 400 cm® for the DC
rails, but 1s acceptable. Increasing the plate thickness to 1.5
centimeters would reduce the temperature rise by a factor of
(1.5)%, down to 35° C.

[0145] Levitation and Stabilization of the Launch Craft:

[0146] In another embodiment, launch craft 810 is mag-
netically levitated as it are magnetically accelerated along
launch tube 710 so that the launch craft does not contact the
walls of the launch tube. The levitated launch craft is
inherently and automatically stabilized, both vertically and
laterally, to keep the craft at its equilibrium levitated position
inside the launch tube. If an external force were to act on the
launch craft, pushing it vertically or laterally away from its
equilibrium levitated position, an automatic, inherent mag-
netic force will oppose the external force, preventing the
launch craft from contacting the wall of the launch tube.

[0147] The loops 826, 828, and 832 use normal metal
conductor, e.g. aluminum, and operate at ambient tempera-
ture. Loop 832 carries a small current to levitate the launch
craft during the less than one second acceleration period.
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Loops 826 and 828 carry no current when the launch craft
is displaced from its centered position.

[0148] Vertical Levitation and Stabilization:

[0149] When loop 832 is vertically centered between a
pair of energized superconducting loops 750 located on the
left and right walls of launch tube 710, the net magnetic flux
through the loop 832 is zero. As the launch craft moves in
either up or down from the position where loop 832 is
centered between the set of superconducting loops located
on the wall of the launch tube, the net magnetic flux through
loop 832 becomes non-zero, inducing a current in loop 832
that magnetically interacts with the currents in the super-
conducting cables, producing a force that pushes loop 832
and launch craft 810 back towards its centered position.
[0150] Because the launch craft has a non-zero weight, it
will move downwards slightly until an upwards magnetic
force that equals the weight of the vehicle is produced. The
vehicle will then remain magnetically levitated. A down-
ward movement of approximately 1 millimeter (0.1 cm) is
sufficient to magnetically keep launch craft 810 levitated.
[0151] In the levitated state, the current in the left side of
loop 832 (FIG. 12) flows in the same direction as the current
in the top superconducting cable on the left launch tube wall,
generating an upwards attractive magnetic force on the left
side of loop 832, while the current in the bottom supercon-
ducting cable flows in the opposite direction, producing a
repulsive upwards magnetic force on the conductor.

[0152] The same condition holds for the right side of loop
832 (FIG. 12). The current in the top superconducting cable
on the right launch tube wall flows in the same direction as
the current in the right conductor of loop 832, providing an
upwards attractive magnetic force, while the current in the
bottom superconducting cable on the wall provides a repul-
sive magnetic force, also pushing the launch craft upwards.
The four magnetic forces on loop 832 sustain the weight of
the launch craft.

[0153] Any external force that acts on the launch craft to
try to move it vertically away up or down from its equilib-
rium levitated position is immediately countered by a
change in the magnetic flux through loop 832, which
changes the induced current in loop 832 to push it back
towards its equilibrium levitated position. Depending on
design, the vertical magnetic restoring force on the launch
craft can be 10 g or more per centimeter of vertical dis-
placement from its equilibrium levitation position.

[0154]

[0155] Lateral stability of launch craft 810 is provided by
the dipole loops 826 and 828 on sabot 812 (FIGS. 8A and
8B). The left dipole loop 826 is connected to the right dipole
loop 828 by interconnection 830 in a circuit that has zero
magnetic flux through the circuit when the launch craft is
centered between the set of superconducting loops on the
left wall of the launch tube and the set of superconducting
loops on the right wall of the launch tube.

[0156] If launch craft 810 moves toward the left wall of
launch tube 710, a non-zero net magnetic flux develops in
the circuit of loops 826 and 828, inducing a current that
magnetically interacts with the superconducting cables in
the walls of the launch tube to produce magnetic forces
directed to the right, pushing the launch craft back towards
its centered position. If the launch craft moves towards the
right wall of the launch tube a non-zero magnetic flux
develops in the circuit of loops 826 and 828, inducing a

Lateral Stabilization:
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current that magnetically pushes the launch craft leftwards
back toward its centered position.

[0157] Depending on design, the magnetic restoring force
can be 10 g or more per centimeter of horizontal displace-
ment from its centered position.

[0158] Superconducting Loops on Launch Tube:

[0159] The magnetic polarity of the superconducting
cables alternates with the length of the launch tube, so that
currents that are induced in loops 826, 828, and 832 do not
resistively decay during the launch period. The supercon-
ducting cables can be configured as a series of separate
individual loops that alternate in polarity along the launch
tube, or they can periodically shift in vertical position. The
top superconducting cable would move downwards to
become the bottom cable, while the bottom cable would
move upwards to become the top cable. The length for a
given polarity would be on the order of a few tens meters,
depending on design. The current in the superconducting
cables would typically be in the range of 200,000 to 300,000
amps.

[0160] The superconducting cables in the wall would be
active in the section of the launch craft that did not have DC
rail current above it. As illustrated in FIGS. 9 and 10, the
current in the DC rails flows from the rail into the conduct-
ing plate or wires on the launch craft, magnetically accel-
erating it. In the section ahead of the conducting plate or
wires on the launch craft, the current in the DC rails is zero.
As a result, the induced currents in loop A and the B loops
only magnetically interact with the currents in the super-
conducting cables, and do not interact with any rail current.
[0161] In an alternate embodiment, the electromagnetic
launch system is similar to the embodiments already
described, but differs in several key regards with respect to
the composition of the launch tube, the launch craft, and also
in the method of operation. The electromagnetic launch
system preferably includes a launch tube 1310 and launch
craft 1332, as illustrated in FIGS. 13,14, and 15, respec-
tively.

[0162] Launch tube 1310 has a square cross-section, with
a launch tube wall 1312 constructed of polymer concrete,
non-conducting polymer or other material that is both non-
conducting and sufficiently strong for the intended use.
Launch tube 1310 can be closed at both ends to enable the
air inside it to be removed.

[0163] Conducting rails 1314, 1316, 1318, and 1320 pref-
erably are embedded in the launch tube walls to securely
immobilize the rails during the launch process. The rails are
made of copper or aluminum, or other material capable of
carrying a predetermined current amperage. Rails 1314,
1316, 1318, and 1320 are placed so they run the length of
launch tube 1310. Rails 1314 and 1316 form a pair embed-
ded in the top wall of launch tube 1310 and run along the
centerline of the top wall. Rails 1318 and 1320 form a pair
embedded in the bottom wall of launch tube 1310 and run
along the centerline of the bottom wall. A plurality of
finger-like extensions 1330 that extend from the rails 1314,
1316, 1318, and 1320 towards the inside corners of launch
tube 1310.

[0164] Embedded at predetermined locations within tube
wall 1312 of launch tube 1310 are superconducting cables
1322, 1324, 1326, and 1328. Superconducting cables 1322
and 1324 are connected electrically to form an upper dipole
loop that generates transverse magnetic direct current field
of a predetermined uniformity at the level of upper thruster
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plate 1340. Superconducting cables 1326 and 1328 are
connected electrically to form a lower dipole loop that
generates transverse magnetic direct current field of a pre-
determined uniformity at the level of lower thruster plate
1342. In the present alternate embodiment, current flows in
the opposite directions in the upper and lower dipole loops,
creating a quadrupole magnetic field. However, the electro-
magnetic launch system can be constructed so that current
flows in the same direction in the upper and lower dipole
loops to form a dual dipole field within launch tube 1310.
[0165] In one presently preferred aspect, current is sup-
plied to upper rail 1314 and lower rail 1318, respectively,
from an external energy storage device capable of supplying
direct current electric power to the rails. Upper rail 1316 and
lower rail 1320 are connected to the ground of the external
energy storage device, respectively. The external energy
storage device could consist of batteries, a pulsed alternator,
a superconducting magnetic energy storage systeni, or some
other means. Current may also be separately supplied to rails
1314 and 1318 by a plurality of energy storage devices.
[0166] As illustrated in FIG. 13, launch craft 1332
includes a sabot 1334 which encloses a projectile 1336.
Projectile 1336 can also be designed to contain a small
rocket motor and spacecraft for transporting payloads into
orbit. Sabot 1334 also preferably at least partially frangible,
and contains a parting line or fracture line 1338, along which
the sabot can separate from projectile 1336 or other payload
for launching the projectile or other payload after launch
craft 1332 exits launch tube 1310. While launch craft 1332
is shown in FIG. 15 with a square cross section, other shapes
are also possible, including circular, elliptical, rectangular,
and the like.

[0167] As shown in FIGS. 13 and 14, sabot 1334 has a
square cross section that is 60 centimeters on a side and is
of a pre-determined length sufficient to enclose projectile
1336.

[0168] Embedded into and flush with the top and bottom
sides of sabot 1334 are conducting metal plates 1340 and
1342, respectively, each of which can be made of ordinary
conducting metal such as aluminum or copper, or some other
conducting material. In one presently preferred aspect,
plates 1340 and 1342 each are 60 centimeter in width (thus
spanning the width of sabot 812), 30 cm in length along the
long axis of the sabot, and are 1 cm thick, though other
dimensions for 1340 and 1342 are possible. The conducting
metal surfaces of the lateral ends of each conducting plate
are exposed so that current may flow from one rail’s finger
extensions across the plate to another rail’s finger exten-
sions. The conducting plates are ideally located in the
middle of launch craft 1332, near its center of balance,
though other configurations are possible. As an alternative to
conducting plates 1340 and 1342 shown in FIG. 13, con-
ducting wires on or embedded into sabot 812 may also be
used to carry current from one rail to another.

[0169] Launch craft 1332 also preferably includes con-
ducting loops 1344 and 1346 located on the left and right
sides of the craft, respectively. Loops 1344 and 1346 are
used for launch craft lateral stabilization. Loops 1344 and
1346 are electrically interconnected by interconnection
1348. The conducting loops 1344 and 1346, as well as
interconnection 1348, are made of an ordinary metal such as
copper or aluminum of a predetermined cross-sectional area,
though the use of other conductors is possible. Conducting
loops 1344 and 1346 are embedded within or mounted to the
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sides of launch craft 1332 in a simple rounded rectangular
geometry, although other geometries are possible.

[0170] In one embodiment, as illustrated in FIG. 14,
launch craft 1332 is centered within launch tube 1310 so that
typically a 5 cm gap is maintained between the launch craft
1310 and launch tube wall 1312. During operation, a plasma
arc 1510 carries current across the gap between the rails
1314, 1316, 1318, and 1320 and conducting plates 1340 and
1342. Furthermore, in its centered position, upper plate 1340
is immersed within a transverse magnetic direct current
field, the magnetic field lines of which are orthogonal to the
long axis of launch tube 1310. The transverse magnetic
direct current field interacting with thruster plate 1340 is
generated by superconducting loop cables 1322 and 1324
embedded in launch tube walls 1312. Similarly, in its
centered position, lower plate 1342 is immersed within a
transverse magnetic direct current field, the magnetic field
lines of which are orthogonal to the long axis of launch tube
1310. The transverse magnetic direct current field interact-
ing with thruster plate 1342 is generated by superconducting
loop cables 1326 and 1328 embedded in launch tube walls
1312. Although FIG. 15 illustrates current flow from rails
1314, 1316, 1318, and 1320 to the conducting plates 1340
and 1342 by means of a plasma arc 1510, it is also possible,
to conduct current by means of conducting brushes attached
to sabot 1334, which directly contact the rails, or by means
of conducting brushes attached to rails 1314, 1316, 1318,
and 1320, which directly contact sabot 1334.

[0171] In this alternate embodiment, the launch craft is
accelerated along the launch tube by a Lorentz force gen-
erated by the interaction between the transverse magnetic
DC field and the current flowing through conducting plates
1340 and 1342 located on sabot 1334. The two DC dipole
magnetic fields inside launch tube 1310 are generated by
superconducting cables 1322, 1324, 1326, 1328. At the level
of the thruster plates 1340 and 1342, the generated magnetic
fields are orthogonal to the long axis of launch tube 1310,
with field lines flowing down from top to bottom through the
launch tube. The strength of DC dipole magnetic fields
generated by the superconducting cables 1322, 1324, 1326,
1328 is constant in time during the launch process, both
before launch craft 1332 is accelerated, while it is being
accelerated, and after it exits the launch tube 1310.

[0172] In another embodiment, as illustrated in the cross-
sectional view of the launch tube 1310 shown in FIG. 15,
current flows along the upper left rail 1314 (into the paper),
along a finger extension 1330 at the location of the launch
craft, across the air gap via a plasma arc 1510, down through
a flexible conductive brush 1520, across the upper conduct-
ing plate 1340, up through a flexible conductive brush 1520,
across the airgap via a plasma arc 1510, along a finger
extension 1330, and returns along rail 1316 (out of the
paper). Similarly, current flows along the lower right rail
1326 (into the paper), along a finger extension 1330 at the
location of the launch craft, across the air gap via a plasma
arc 1510, up through a flexible conductive brush 1520,
across the lower conducting plate 1342, down through a
flexible conductive brush 1520, across the airgap via a
plasma arc 1510, along a finger extension 1330, and returns
along rail 1316 (out of the paper).

[0173] The total force exerted on launch craft 1332 is then

F=2IxBxW Eq. 1
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[0174] Where

[0175] I=DC Current in the top or bottom plate, Amp
[0176] B=Strength of dipole DC magnetic field, Tesla
[0177] W=Width of conducting plate or wires across the
sabot, meters

[0178] For

[0179] 1=500,000 Amps

[0180] B=5 Tesla

[0181] W=0.6 meters

[0182] Applied to a 100 kg launch craft, the acceleration

would be 3000 g.

[0183] Transfer of Current Along and Between Rails and
Through Launch Craft:

[0184] Current only flows out of the DC rails at the
location of the accelerating launch craft. As shown in FIGS.
14 and 15, current only flows vertically between rail finger
extension 1330 and thruster plate 1340 or 1342 so that the
plasma arc is not affected by the transverse magnetic field.
As launch craft 1332 moves along the launch tube, the DC
current flows only across into sabot 1334, and not at other
locations across the full width of the launch tube due to the
presence of a high vacuum in launch tube 1310. The
presence of a high vacuum ensures a very high electrical
resistance across the full width of launch tube 1310, pre-
venting the formation of an plasma arc that directly spans the
finger extensions of the rails.

[0185] Levitation and Stabilization of the Launch Craft:
[0186] In another embodiment, launch craft 1332 is mag-
netically levitated as it is magnetically accelerated along
launch tube 1310 so that the launch craft does not contact the
walls of the launch tube. The levitated launch craft is
inherently and automatically stabilized, both vertically and
laterally, to keep the craft at its equilibrium levitated position
inside the launch tube. If an external force were to act on the
launch craft, pushing it vertically or laterally away from its
equilibrium levitated position, an automatic, inherent mag-
netic force will oppose the external force, preventing the
launch craft from contacting the wall of the launch tube.
[0187] Vertical Levitation and Stabilization:

[0188] A virtual vertical levitation loop is formed on the
top and bottom sides of launch craft 1332. On the top side
of launch craft 1332, this virtual levitation loop is formed by
the current path flowing from upper positive rail 1314, along
a rail finger extension 1330, across the air gap by means of
a plasma arc 1510, across upper thruster plate 1340, back
across the air gap by another plasma arc 1510, back along a
rail finger extension 1330, and finally back down upper
negative rail 1316. On the bottom side of launch craft 1332,
this virtual levitation loop is formed by the current path
flowing from lower positive rail 1318, along a rail finger
extension 1330, across the air gap by means of a plasma arc
1510, across lower thruster plate 1342, back across the air
gap by another plasma arc 1510, back along a rail finger
extension 1330, and finally back down lower negative rail
1320. Each of these virtual levitation loops are akin to a
circular current path where the generated magnetic field
applies a hoop stress to the loop, seeking to push launch craft
1332 away from the wall. As the launch craft deviates from
its central vertical position, the force pushing the launch
craft towards the center coming from the closer wall auto-
matically becomes stronger and the force on the opposite
side becomes weaker. The balance of forces always seeks to
push launch craft 1332 towards its vertical equilibrium
point.
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[0189] Lateral Stabilization:

[0190] Lateral stability of launch craft 1332 is provided by
the dipole loops 1344 and 1346 located on the port and
starboard sides sabot 1334. The port dipole loop 1344 is
connected to the starboard dipole loop 1346 by intercon-
nection 1348 in a circuit that has zero magnetic flux through
the circuit when the launch craft is laterally centered in
launch tube 1310.

[0191] If launch craft 1332 moves toward the left wall of
launch tube 1310, a non-zero net magnetic flux develops in
the circuit of loops 1346 and 1348, inducing a current that
magnetically interacts with the fields generated by super-
conducting cables 1322, 1324, 1326, and 1328 in the walls
of the launch tube to produce magnetic forces directed to the
right, pushing the launch craft back towards its centered
position. Similarly, if the launch craft moves towards the
right wall of the launch tube a non-zero magnetic flux
develops in the circuit of loops 1346 and 1348, inducing a
current that magnetically pushes the launch craft leftwards
back toward its centered position.

[0192] It will be apparent from the foregoing that, while
particular forms of the invention have been illustrated and
described, various modifications can be made without
departing from the spirit and scope of the invention. Accord-
ingly, it is not intended that the invention be limited, except
as by the appended claims.

I claim:

1. An electromagnetic launcher for launching a launch
craft, comprising;

a launch tube including a launch tube wall, said launch
tube being configured to permit a launch craft to travel
through said launch tube;

a plurality of electrically conducting rails mounted to said
launch tube wall;

a means for applying a transverse direct current magnetic
field to said launch tube and contents of said launch
tube;

a means for magnetically levitating and stabilizing said
launch craft to minimize contact between said launch
craft and said launch tube as the launch craft travels
within said launch tube; and

a means for transmitting an electrical current passed from
one of said electrically conducting rails across said
launch craft to another of said electrically conducting
rails in the presence of said magnetic field, in order to
accelerate said launch craft inside said launch tube.

2. The electromagnetic launcher of claim 1 wherein said
means for applying a transverse direct current magnetic field
comprises a plurality of electrically conducting cables
arranged in an assembly on at least one side of said launch
tube.

3. The electromagnetic launcher of claim 1 wherein said
means for applying a transverse direct current magnetic field
includes a plurality of electrically conducting cables embed-
ded in the walls of said launch tube.

4. The electromagnetic launcher of claim 1 wherein said
launch tube has a square cross section with four interior
corner edges, and said plurality of electrically conducting
rails comprises four electrically conducting rails mounted
along each of said four interior corner edges of said launch
tube.

5. The electromagnetic launcher of claim 4 wherein said
electrically conducting rails comprises two pairs of non-
connected rails, each of said pairs of non-connected rails
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including a positive rail connected to a positive terminal of
a current source and a negative rail connected to a negative
terminal of said current source.

6. The electromagnetic launcher of claim 1 wherein said
launch tube has a square cross section with one pair of
electrically conducting rails is mounted in one wall of said
launch tube, and a second pair of electrically conducting
rails is mounted in the opposite wall of said launch tube.

7. The electromagnetic launcher of claim 6 wherein said
rail pairs each consist of two electrically conducting rails
lain close side by side flanking the wall’s centerline and
collinear with said launch tube while remaining electrically
insulated from each other.

8. The electromagnetic launcher of claim 7 wherein said
rails include separated, finger-like extensions that extend
from said rails to a location away from said rails.

9. The electromagnetic launcher of claim 1 wherein the
launch craft includes a surface including a plurality of closed
conducting loops configured to magnetically interact with
current flowing in said electrically conducting rails to ver-
tically levitate and stabilize the launch craft in a desired
position as the launch craft travels down said launch tube.

10. The electromagnetic launcher of claim 9 wherein said
plurality of closed conducting loops comprises a pair of
superconducting planar loops integrated the surface of the
launch craft on opposite sides of the launch craft.

11. The electromagnetic launcher of claim 1 wherein the
launch craft comprises a surface including a plurality of
closed conducting loops disposed on a plurality of surfaces
of the launch craft and configured to magnetically interact
with current flowing in said electrically conducting rails to
laterally stabilize the launch craft in a desired position as it
travels down said launch tube.

12. The electromagnetic launcher of claim 11 wherein
said plurality of closed conducting loops comprises a pair of
superconducting loops formed into a figure of 8 geometry
and integrated into a surface of the launch craft on opposite
sides of the launch craft.

13. The electromagnetic launcher of claim 1 wherein said
means for magnetically levitating and stabilizing said launch
craft comprises a plurality of superconducting loops inte-
grated into said launch tube wall.

14. The electromagnetic launcher of claim 13 wherein the
launch craft includes a plurality of closed conducting loops
integrated into a surface of the launch craft and configured
to magnetically interact with said superconducting loops.

15. The electromagnetic launcher of claim 14 wherein
said plurality of closed conducting loops integrated into the
surface of the launch craft comprises a simple planar loop
extending in a horizontal plane through the body of said
launch craft.

16. The electromagnetic launcher of claim 13 wherein the
launch craft includes a plurality of closed conducting loops
integrated into a plurality of surfaces of the launch craft and
configured to magnetically interact with said plurality of
superconducting loops.

17. The electromagnetic launcher of claim 16 wherein
said plurality of closed conducting loops on the plurality of
surfaces of the launch craft comprises two interconnected
planar loops integrated into opposing surfaces of the launch
craft.

18. The electromagnetic launcher of claim 1 wherein the
means for transmitting an electrical current comprises a
plurality of conducting plates integrated into the body of the
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launch craft, said plurality of conducting plates being con-
figured to provide at least part of a current path from a
positively charged rail to a negatively charged rail.

19. The electromagnetic launcher of claim 1 wherein the
means for transmitting an electrical current comprises a
plurality of conducting wires integrated into the launch craft,
said plurality of conducting wires being configured to pro-
vide at least part of a current path from a positively charged
rail to a negatively charged rail.

20. The electromagnetic launcher of claim 1 wherein the
means for transmitting an electrical current comprises a
plasma arc between said plurality of electrically conducting
rails and the launch craft, to allow current to flow between
said electrically conducting rails and the launch craft.

21. The electromagnetic launcher of claim 1 wherein the
means for transmitting an electrical current comprises a
plurality of flexible conducting brushes attached to the
launch craft, said plurality of flexible conducting brushes
being configured to directly contact said electrically con-
ducting rails, to allow current to flow between said electri-
cally conducting rails and the launch craft.

22. The electromagnetic launcher of claim 1 wherein the
means for transmitting an electrical current comprises a
plurality of flexible conducting brushes attached to said
electrically conducting rails, said plurality of flexible con-
ducting brushes being configured to directly contact the
launch craft, to allow current to flow between said electri-
cally conducting rails and said launch craft.

23. The electromagnetic launcher of claim 1 wherein said
means of magnetically levitating and stabilizing said launch
craft include the use of a plurality of electrical current paths
in a predetermined geometry formed by current flowing
through components of said launch tube and said launch
craft that stabilize the launch craft in a desired position as it
travels down said launch tube.

24. The electromagnetic launcher of claim 23 wherein a
plurality of said electrical current paths create a plurality of
magnetic pressures which are balanced to produce zero net
force when said launch craft is at a desired position.

25. A system for electromagnetically launching a launch
craft, comprising:

a launch tube including launch tube walls, said launch
tube including a plurality of electrically conducting
rails mounted along a length of said launch tube walls;

a plurality of electrically superconducting loops arranged
in an assembly flanking said launch tube and config-
ured to apply a transverse direct current magnetic field
to said launch tube and contents of said launch tube;

a launch craft configured to be removably received in said
launch tube, said launch craft including a sabot for
carrying a payload,

a plurality of conductors located on said sabot, said
plurality of conductors being configured to provide at
least a portion of a current path from a positively
charged one of said plurality of electrically conducting
rails to a negatively charged one of said plurality of
rails to transmit electrical current across said sabot in
the presence of said transverse direct current magnetic
field to accelerate said launch craft inside said launch
tube; and

a plurality of closed conducting loops in a predetermined
geometry located on said sabot, said plurality of closed
conducting loops being configured to interact with
current in said plurality of electrically conducting rails
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to magnetically levitate and vertically stabilize said
launch craft to minimize contact between said launch
craft and said launch tube as said launch craft travels
within said launch tube.

26. The system of claim 25, wherein said sabot comprises
a frangible portion by which the sabot is configured to
separate from the payload for launching the payload.

27. The system of claim 25, wherein said plurality of
conductors located on said sabot comprises a pair of upper
and lower conducting metal plates.

28. The system of claim 25, wherein said plurality of
closed conducting loops comprises conducting loops located
on left and right sides of said sabot.

29. The system of claim 25, wherein said plurality of
closed conducting loops comprises upper and lower figure of
8 conducting loops.

30. The system of claim 25, wherein said plurality of
closed conducting loops comprises two interconnected pla-
nar loops integrated into opposite surfaces of said sabot.

31. The system of claim 25, wherein said plurality of
conductors comprises a plurality of flexible conducting
brushes attached to said sabot and configured to directly
contact said electrically conducting rails for carrying current
between said electrically conducting rails and said launch
craft.

32. The system of claim 25, wherein said plurality of
conductors comprises a plurality of flexible conducting
brushes attached to said electrically conducting rails and
configured to directly contact said electrically conducting
rails for carrying current between said electrically conduct-
ing rails and said launch craft.

33. A method for electromagnetically launching a launch
craft, comprising the steps of:

providing a launch tube including launch tube walls, said
launch tube including a plurality of electrically con-
ducting rails mounted along a length of said launch
tube walls;

a plurality of electrically superconducting loops arranged
in an assembly flanking said launch tube and config-
ured to apply a transverse direct current magnetic field
to said launch tube and contents of said launch tube;

providing a launch craft configured to be removably
received in said launch tube, said launch craft including
a sabot for carrying a payload;

providing a plurality of conductors located on said sabot,
said to plurality of conductors being configured to
provide at least a portion of a current path from a
positively charged one of said plurality of rails to a
negatively charged one of said plurality of rails to
transmit an electrical current across said sabot in the
presence of said transverse direct current magnetic field
to accelerate said launch craft inside said launch tube;
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providing a plurality of closed conducting loops in a
predetermined geometry located on said sabot, said
plurality of loops of conducting material being config-
ured to interact with current in said plurality of elec-
trically conducting rails to magnetically levitate and
vertically stabilize said launch craft to minimize con-
tact between said launch craft and said launch tube as
said launch craft travels within said launch tube;

applying a transverse direct current magnetic field to the
launch tube and the launch craft during launching of the
launch craft;
magnetically levitating and stabilizing said launch craft to
minimize contact between said launch craft and said
launch tube as said launch craft travels within said
launch tube; and
transmitting the electrical current to conducting plates
integrated into said launch craft to provide part of a
current path from a positively charged rail to a nega-
tively charged rail.
34. The method of claim 33, wherein said step of applying
a transverse direct current magnetic field comprises applying
said transverse direct current magnetic field by a plurality of
electrically conducting cables arranged in an assembly
flanking said launch tube.

35. The method of claim 33, wherein said step of trans-
mitting the electrical current comprises transmitting the
electrical current in the presence of said transverse direct
current magnetic field to accelerate said launch craft inside
said launch tube.

36. The method of claim 33, wherein said step of trans-
mitting the electrical current comprises transmitting the
electrical current to conducting wires integrated into said
launch craft to provide part of a current path from the
positively charged rail to the negatively charged rail.

37. The method of claim 33, wherein said step of trans-
mitting the electrical current comprises transmitting the
electrical current via a plasma arc between said electrically
conducting rails and said launch craft.

38. The method of claim 33, wherein said step of trans-
mitting the electrical current comprises transmitting the
electrical current to flexible conducting brushes attached to
said launch craft to provide part of a current path from a
positively charged rail to a negatively charged rail.

39. The method of claim 33, wherein said step of trans-
mitting the electrical current comprises transmitting said
electrical current to flexible conducting brushes attached to
said electrically conducting rails which directly contact said
launch craft to provide part of the current path from a
positively charged rail to a negatively charged rail.
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