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designed to overcome Coulomb repulsion. A method is also 
presented for directing the beams to a target considering the 
variable terrestrial magnetic ?eld. In another preferred appli 
cation, the electron beam is directed into the ground to 
produce a subsurface x-ray source to locate and/or destroy 
buried or otherWise hidden objects including explosive 
devices. 
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REVERSE TIME. WOULD THE BEAM RETURN TO A l cm 
DIAMETER PARALLEL BEAM? ACCORDING TO CALCULATIONS, 
THAT MAY BE TRUE. 
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PARMENTOLA AND TSIPIS DESCRIBED TWO PHYSICAL LIMITATIONS THAT PREVENT 
AN ELECTRON BEAM DIRECTED ENERGY WEAPON FROM WORKING. AS INDICATED 

SCHEMATICALLY HERE I)THE INITIAL ICm DIAMETER BEAM INJECTED BY THE DEVICE 
SPREADSTO AN UNACCEPTABLE 5 METER DIAMETER AT OPE RATIONAL DISTANCES OF 
IOOO kI'I'I AND ZITHE BEAM IS DEFLECTED IOOOKI'II BY THE UNSTEADY NEAR-EART H 
MAGNETIC FIELD. 

/ H 

ANTI-BALLISTIC MISSILE 

SATELLITE INCLUDING POWER 

SUPPLY, ACCE LERATOR AND 

DEFLECTOR. 

IGGV 

IOOOCI 

TARGET 
MISSILE ‘I’? 

FIGZW 
T RAJECTORIES OF REPRESENTATIVE ELECTRONS IN A IOOO AMP BEAM AT I GeV 
THAT PROPAGATES FOR IOOOKI'II. THE BEAM IS INITIALLY ICm IN DIAMETER BUT 
SPREADS TO 5m DIAMETER DUE TO COULOMB REPULSION. 

II 

I000 km 
I 22 

______-__--——--"/ Q 

\ 
AT START ELECTRON CROSSOVERS 
BEAM IS ICm LIKELY 
DIAMETER,UNIFORM AT END,BEAM IS 5m IN 
CURRENT DENSITY AND DIAMETER, NONUNIFORM 
MONOCHROMATIC CURRENT DENSITY AND 

NOT MONOCHROMATIC 
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FIGZ> 
WHAT WOULD RESULT IF WE RAN THE BEAM BACK WARDS? 
THAT IS,START WITH THE END RESULTS FROM FIG.2 AND 
REVERSE TIME. WOULD THE BEAM RETURN TO A ICITI 
DIAMETER PARALLEL BEAM? ACCORDING TO CALCULATIONS, 
THAT MAY BE TRUE. 

sTART- NON UN IFQRM ENERGY, FIN ISH -LIKELY REASONABLY 
ANGULAR,SPATIAL DISTRIBUTION. UNIFORM SPATIAL,ANGULAR 
DIAMETER AT START IS 5m. AND ENERGY DISTRIBUTION 

DIAMETER IS lcm. 

II 

I000 km 32 

F|G.4 
IF THE BEAM IS REVERSIBLE AS IN FIG.3, AN ANTI- MISSILE 
ELECTRON BEAM DIRECTED ENERGY WEAPON MIGHT WORK 
AS SHOWN. 

lGev 
IOOOO 

ANTI-BALLISTIC MISSILE 
SATELLITE INCLUDING 
POWER SUPPLY, 
ACCELERATOR AND 
DEFLECTOR. TARGET 

MISSILE 
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F I G. 5 THE ELECTRON GUN FOR THE DIRECTED ENERGY WEAPON. 
ONLY THE FIRST FEW PLATES AND LAST FEW PLATES ARE SHOWN. 
THE PLATES ARE NOT MECHANICALLY CONNECTED. POSITIONING 
AND ALIGNMENT IS MEASURED OPTICALLY AND MOTION IS 
PROVIDED BY GAS JETS ATTACHED TO EACH PLATE. 

MV POTENTIAL DIFFERENCE BETWEEN ADJACENT PLATES. 
DEVICE IS 300m LONG AND 5m IN DIAMETER AT EXIT. 

44 }/ 3OI SHAPED CON DUCTIVE PLATES, EACH lm APART AND 3.33 

\ 

>\. APERTURES ALIGNED FOR 
I ( EACH ELECTRON BEAM. 1 I 

I I 

H \ 46 46%‘ DEFLECTOR 
D ISNOT 

>______,L—’///E:\IT suowu, 
l6 /\ 

42 42 42 

/\ \ \ VOLTAGE RELATIVE To GROUND IS 

I 
I 
I STEERING 

\ 

-(PLATE NUMBER — I)/3OO GV 

> 

FIELD EMISSION SOURCES. APPROXIMATELY GUN IS 300 m LONG. 
IO0,000 IN NUMBER. DISTRIBUTED AND 
MODULATED ACCORDING TO CALCULATIONS 

ENERGY STORED IN FLYWHEELS IS PERHAPS 
, THE IDEAL WAY TO POWER EACH PLATE. 

POWER SUPPLY FOR EACH OF THE 300 PLATES. 

60 

DC POWER n T PLATE |+ I 
SUPPLY 0F—3.3 __.__V62 
MV, IOOmCI ~64 
(350 kW) L 
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FLYWHEEL POWERED. ESTIMATE I-IOm DIAM 
loo-I000 rps lo-lookg 
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FIG.7 
DRAWING OF LANDMINE DETECTOR AND VEHICLE( MANNED OR 

UNMANNED) TO PUSH IT THROUGH SUSPECTED LANDMINE AREA. ELECT-RON 
BEAM COULD BE SCANNED IN DIRECTION PERPENDICULAR TO PLANE OF 
DRAWING. 

AT LEAST 50m DISTANCE 
FROM VEHICLE TO SUSPECTED 
LANDMINE AREATO PROTECT 
OCCUPANTS AGAINST POSSIBLE 
DETONATION OF LANDMINE Is 
ADVISED. 

ELECTRON 
BEA M 
DEVICE 
(so mv) 7° 

72 / 

VEHICL E )2 
PUSl-Il N e 7 
LANDM IN E 76 
DETECTION 
o EvIcE. 

BURIED 
LANDMINE / 

X-RAYS ARE PRODUCED IN THIS A 
SUB-SOIL PLUME(36). ISOTROPIC MU LTI‘I’UDE 
SPREAD PROVIDES BACK OF x- RAY 
ILLUMINATION FOR IMAGING BY DETECTORS 
DETECTORS. FRONT WHEEL OF 
VEHICLE AND A SUPPORT WHEEL 
FOR BEAM DEVICE IS SHOWN 
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FIGS 
AIR BASED VERSION OF THE PROPOSED LANDMINE DETECTORTHE 30 

MV ELECTRON GUN IS SLUNG BENEATH A HELICOPTER WITH ELECTRON BEAM EXIT 
POINTING DOWN. A GRID ARRAY OF X-RAY DETECTORS IS SUPPORTED BYA 

MECHANICAL FRAMEWORK SUCH THAT THE DETECTORS ARE RESTING ON THE SOIL 
SURFACE WHEN THE ELECTRON GUN IS A METER OR $0 OFF THE SURFACE. 

READINGS ARE TAKEN OF THE AREA UNDER THE GRID AND THEN THE HELICOPTER 
MOVESTO ANOTHER AREA FOR ANOTHER SCAN PROCEDURE. 

— HELICOPTERTOHOVER OVER 

GROUND WHERE LANDMINES 
ARE SUSPECTED. ELECTRON 
GUN IS OPERATED FROM 

92 HELICOPTER. 

30 MV ELECTRON GUN 

i 

/94 

IIIIIIIIIIII 
ARRAY OF X-RAY D ETECTORS 
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ELECTRON BEAM DIRECTED ENERGY 
DEVICE AND METHODS OF USING SAME 

RELATED APPLICATIONS 

The present patent document claims the bene?t of the 
?ling date under 35 USC §119(e) of Provisional US. 
Patent Application Ser. No. 60/591,219 ?led Jul. 26, 2004, 
the contents of Which are incorporated herein by reference. 

FEDERALLY SPONSORED RESEARCH OR 
DEVELOPMENT 

This invention Was made in part While under contract 
DE-FG36-01GO11021 With the Department of Energy. 

BACKGROUND OF THE INVENTION 

This invention relates to electron beam directed energy 
devices. In particular, this invention is directed to an electron 
beam device that can be used as a directed energy Weapon 
and With modi?cations as a landmine detection device. 

Peaking a feW decades ago, there has been ongoing 
interest in the concept of using particle accelerators in space 
as Weapons to destroy ballistic missile targets above the 
atmosphere. While much of this has been kept con?dential 
for national security reasons, Parmentola and Tsipis pre 
sented a landmark paper on this subject in Scienti?c Ameri 
can in 1979 (J. Parmentola and K. Tsipis, “Particle-Beam 
Weapons,” Scienti?c American, 240:54-65, 1979). The 
authors presented scienti?c reasons Why such Weapons 
Would be highly useful, but also dramatiZed the fundamental 
reasons Why these Weapons could never Work. 

Particle beam Weapons differ from other instruments of 
War that carry destructive energy to the target in the form of 
explosive Warheads in ponderous containers such as artillery 
shells or missile casings. Particle beam Weapons, of Which 
electron beams are just one possibility, increase the kinetic 
energy of a large number of individual atomic or subatomic 
particles and then direct them collectively against a target. 
Every particle in the beam that strikes the target Will transfer 
a fraction of its kinetic energy to the target material. If 
enough particles hit the target in a short time, the deposited 
energy Would be suf?cient to burn a hole in the skin of the 
device, detonate the chemical explosives or disrupt the 
electronics inside including softWare. The most signi?cant 
advantage of high-energy particle beam Weapons over mis 
siles is that, like lasers, they propagate at essentially the 
speed of light. 

In the above article, the authors presented many small but 
practical problems of particle-beam Weapons such as hoW to 
generate suf?cient poWer in space, hoW to deal With coun 
termeasures, and hoW to ?nd targets among decoys. They 
also discussed tWo problems that they considered unsolv 
able. That is, the smaller problems may be considered very 
dif?cult scienti?c and engineering problems that may chal 
lenge practical implementation. HoWever, even if all those 
could be dealt With, tWo signi?cant problems remained that 
Were unsolvable due to fundamental physical limitations that 
no amount of Herculean engineering could resolve. 

These fundamental problems are (1) that Coulomb repul 
sion of a particle beam spreads the energy over a large area 
at reasonable distances to targets, and (2) that the near-earth 
magnetic ?eld de?ects the beam and is someWhat variable. 
(The beam is steered electrically by magnetic ?elds or 
electric ?elds. Mechanical steering Would not be fast 
enough.) These tWo problems are shoWn schematically in 
FIG. 1. 
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A practical electron beam Weapon Would need to hit a 

target that is 1,000 km aWay With a 1000 amp beam having 
an energy of 1 GeV for 0.1 msec. Furthermore, the beam 
needs to be 1 cm or so in diameter at the target in order for 
the deposited energy to be suf?ciently intense. The authors 
indicate that a 1 GeV electron beam of 1000 amps Would 
spread from an initial 1 cm diameter to a 5 meter diameter 
at 1,000 km due to Coulomb repulsion. They also indicate 
that a 1 GeV beam Would be de?ected by 1,000 km over a 
distance of 1,000 km due to the earth’s magnetic ?eld. It is 
Well knoWn that the earth’s magnetic ?eld is also not 
completely steady. Under such unstable conditions, it Would 
be close to impossible to make a Workable Weapon that 
could reliably hit a target 1000 km aWay With enough energy 
to destroy it. Also, there are only 400 or so seconds to 
distinguish betWeen multiple targets and decoys in the initial 
phase of a ballistic missile’s trajectory and then destroy the 
targets. There is more time, hoWever, near the apogee 
section of travel in Which to detect and destroy the missile 
compared to its ascent and reentry phases. 
Much has been learned about near-earth magnetic ?elds in 

recent years. The near-earth magnetic ?eld is 97% due to the 
earth’s core, and ranges in magnitude from 30,000 nan 
oTesla (nT) at the equator to 50,000 nT at the poles. The 
solar quiet magnetic ?eld variation is a manifestation of an 
ionospheric current system. Heating at the day side and 
cooling at the night side of the atmosphere generates tidal 
Winds, Which drive ionospheric plasma against the geomag 
netic ?eld inducing electric ?elds and currents in the 
dynamo region betWeen 80-200 km in height. The current 
system remains relatively ?xed to the earth-sun line and 
produces regular daily variations that are directly seen in the 
magnetograms of geomagnetic “quiet” days. On “disturbed” 
days there is an additional variation that includes superim 
posed magnetic storms. Because the geomagnetic ?eld is 
strictly horiZontal at the magnetic equator, there is an 
enhancement of the effective Hall conductivity, called the 
CoWling conductivity, Which results in an enhanced east 
Ward current, called the equatorial electrojet, ?oWing along 
the day side magnetic equator. In addition, auroral electro 
jets How in the auroral belt and vary in amplitude With 
different levels of magnetic activity. 
The solar quiet ?elds are on the order of 10-50 nT, 

depending upon component, latitude, season, solar activity, 
and time of day. The magnetic signature of the equatorial 
electrojet can be about 5-10 times that of solar quiet, and that 
of the auroral electrojets can vary Widely from 10-20 nT 
during quiet periods to several thousand nT during major 
magnetic storms. It is complex, but the near-earth magnetic 
?eld has both a signi?cant predictable varying component 
and also a signi?cant non-predictable varying component. 
The prior art lacks a Workable concept of hoW to use an 

electron beam directed energy device that can overcome 
Coulomb repulsion and the earth’s varying magnetic ?eld 
and steer the beam such that it can impact and destroy 
objects approximately 1000 km distant, such as missiles in 
outer space. 

Another major unsolved problem is the detection and/or 
the destruction of landmines. Since their early Widespread 
use in the First World War, landmines have proved to be an 
inexpensive and effective military Weapon. With landmines, 
an enemy is denied safe access to speci?c areas. They can 
delay, divert or destroy enemy forcesiincluding those 
numerically and technologically superior. They can impede 
supply lines and demoraliZe a foe. Antitank landmines can 
interfere With vehicular How and antipersonnel landmines 
protect antitank landmines, defend large and small areas and 
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effectively deny access to bridges, borders and other areas of 
important pedestrian How in speci?c regions. This Will 
disrupt commerce, instill fear among non-combatants, and 
act as a psychological Weapon to undermine con?dence in 
governments. They are also effectively used in booby-traps. 
Costing as little as $3 to $30 each, these are perhaps the most 
cost-effective Weapons available in any military arsenali 
thus assuring their ubiquity. 

There are estimated to be 50 to 100 million landmines 
including neW placements and those left over (but still 
operational) from forgotten old con?icts. These latter are 
particularly injurious to civilians including farmers and 
young persons playing in ?elds. It is a WorldWide-recog 
niZed haZard. In a concerted effort to remove this scourge, 
123 countries met in 1997 to sign the “Convention on the 
Use, Stockpiling, Production and Transfer of Anti-Personnel 
Mines and on Their Destruction.” There are many countries 
that have not as yet signed this agreement. HoWever, all 
Would agree that leftover landmines are a major health and 
societal problem in many areas of the World. Finding and 
removing both simple and sophisticated concealed explo 
sives in asymmetrical Warfare and terrorism is an equally 
important need. 
From a technical vieWpoint, ?nding buried landmines and 

concealed explosives is dif?cult since there is usually only 
access to one side of the object. With this limitation, 
methods that have been proposed include penetrating radia 
tion (neutron and photon) plus acoustic energy. For example, 
US. Pat. No. 6,473,025 Was issued to G. StolarcZyk for a 
ground penetrating radar for landmine detection. Detection 
of anomalous objects in this patent, hoWever, takes the form 
of measuring secondary emissions (activation) or radiation 
scattering. This is far less ef?cient than detection in a direct 
transmission or shadoW image mode in Which case there are 
many more measurable events per incident photon. As an 
analogy, cancers deep Within otherWise normal organs are 
commonly identi?ed With x-ray imaging, but only because 
the source of x-rays is on one side of the subject and a 
detector is on the other side. This is called back-illumination 
and it produces a shadoW image of the subject at the detector 
With observable local variations in x-ray attenuation. If there 
Were only access to one side of a human subject, x-radiation 
Would be practically Worthless in ?nding occult cancer. 

X-rays are produced When energetic (in comparison to 
rest-mass energy) electrons are sloWed, change direction, or 
stopped suddenly When they impact an atom of relatively 
high atomic number. This is called bremsstrahlung or break 
ing radiation. Electrons can travel in the atmosphere and to 
a lesser extent in soil. As the beam electrons interact With 
high Z atoms, they undergo directional changes before they 
stop. The resulting x-radiation is emitted in all directions 
from a plume Within the material. X-rays are also emitted 
When impacted atoms undergo induced orbital transitions if 
energetically possible. These are also emitted in all direc 
tions. 

The prior art lacks a method using an electron beam 
device to produce a sub-earth surface source of x-radiation. 
The prior art also lacks an electron beam device to locate or 
destroy buried objects including explosives. 

SUMMARY OF THE INVENTION 

In vieW of the above, the present invention provides an 
electron beam directed energy device and methods for using 
the device to either impact missiles or rockets located 
outside or Within the earth’s atmosphere, or to detect land 
mines located at or beneath the earth’s surface. 
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According to one aspect of the invention, a directed 

energy device is provided. The device includes an electron 
gun generating a plurality of electron beams. The electron 
beams are disposed such that their beam axes are oriented in 
a pre-con?gured direction in order to substantially overcome 
Coulomb repulsion at distances of 100 kilometers or greater. 
An electron accelerator section is also provided and posi 
tioned after the electron gun. The electron acceleration 
section consists of a plurality of sequential conductive 
shaped plates, Where each such plate contains at least one 
aperture per electron beam. Each aperture is positioned at 
the respective beam’s axis. The shapes of the plates are 
essentially normal to the electron beams, and the spacing of 
the plates from one another is greater than the electrical 
breakdown limit. Voltages are applied to each plate relative 
to the other conductive plates. 

In another aspect of the invention, a directed energy 
device is also provided. The device includes an electron gun 
having at least one beam of electrons. The beams of elec 
trons are disposed such that at least one beam axis is oriented 
toWard the surface of the earth. The electron gun is also 
located at a position of up to 200 meters above the earth’s 
surface. An electron acceleration section is also included and 
is operable to energiZe the electron beams to energy levels 
of betWeen 10 MeV and 200 MeV. The device is operable to 
deposit energy beloW the earth’s surface. 

Other aspects of the invention are directed to methods for 
impacting ballistic missiles using a directed energy device, 
and for detecting landmines using a directed energy device, 
respectively. The presently preferred embodiment of the 
invention includes an energy storage device in the form of 
a ?ywheel. 
By overcoming Coulomb repulsion of electrons traveling 

in a beam at substantial distances, a directed energy device 
can be employed to impact, disable and even destroy mis 
siles and rockets traveling both Within and outside the 
earth’s atmosphere. The same techniques for directing an 
electron beam can also be used at lesser distances and With 
less energy to detect and even destroy landmines located at 
or beneath the earth’s surface. Both of these applications are 
intended to protect earth’s inhabitants from the harmful and 
often fatal effects of devastating Weapons such as missiles 
and landmines. 

These and other features and advantages of the invention 
Will become apparent to those skilled in the art upon a 
revieW of the folloWing detailed description of the presently 
preferred embodiments of the invention taken in conjunction 
With the appended draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic vieW of a prior art anti-ballistic 
missile charged particle directed energy device. 

FIG. 2 is a cross-sectional longitudinal vieW of the 
trajectory of a charged particle beam over large distances. 

FIG. 3 is a vieW of the beam trajectory shoWn in FIG. 2, 
but run in reverse. 

FIG. 4 is a schematic vieW of an electron beam directed 
energy Weapon according to the invention. 

FIG. 5 is one presently preferred plate arrangement of the 
device shoWn in FIG. 4. 

FIG. 6 is one presently preferred ?yWheel-poWered poWer 
source. 

FIG. 7 shoWs the use of an electron beam landmine 
detection device. 

FIG. 8 shoWs an airborne embodiment of the landmine 
detection device shoWn in FIG. 7. 
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DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENTS OF 

THE INVENTION 

Turning to the drawings, Where like reference numerals 
represent like elements throughout, FIG. 1 shoWs a proposed 
prior art electron beam directed energy Weapon for use in 
outer space. TWo physical limitations that prevent an elec 
tron beam directed energy Weapon of the kind shoWn in FIG. 
1 from Working on a target 10 are (1) an initial 1 cm diameter 
beam 12 projected by the device 14 spreads to an unaccept 
able 5 meter diameter 16 at operational distances of 1000 
km, and (2) the beam can be de?ected by as much as 1000 
km by the unsteady near-earth magnetic ?eld (not shoWn). 
As Will be described in detail beloW, both of these effects are 
addressed and solved by the presently preferred electron 
beam directed energy Weapon. 

In order to design a Working electron beam directed 
energy Weapon, computations for Coulomb repulsion for 
pulsed relativistic beams of 1000 amps over distances of 
1000 km Would be useful, but is a relatively unknoWn 
subject of Which little has been Written. HoWever, in lithog 
raphy applications Where Coulomb repulsion has been Well 
studied, there are three Well-knoWn theoretical components 
to Coulomb repulsion: (1) that a test charge is de?ected 
radially by the electric ?eld (magnetic ?eld constriction is 
ignorable at these current densities) due to the spread out 
position of the remainder of the beam, (2) the Boersch effect 
which produces a spread in longitudinal energy or velocity 
due to stochastic interactions of each electron With all the 
individual electrons in the remainder of the beam (producing 
chromatic aberrations downstream), and (3) a spread in 
transverse position due to stochastic interactions With the 
individual electrons in the beam. It is Well knoWn that for a 
uniform current density beam, all electrons experience a net 
radially outWard Coulomb force. FIG. 2 shoWs hoW the 
trajectories shoWn in FIG. 1 of representative electrons 20 in 
a 1000 amp beam 22 at 1 GeV propagate for 1000 km. Beam 
22 is initially 1 cm in diameter and spreads to 5 m in 
diameter due to Coulomb repulsion. But this does not 
necessarily hold true for a non-uniform current density 
beam. It is also possible that the outWard directed Coulomb 
force could be matched and overcome by inWard directed 
momentum focusing to a beam With smaller diameter. From 
examining the trajectories in FIG. 2, a solution to the 
Coulomb repulsion problem Would be to run the beam 
backWards if the trajectory is reversible. 
By running the electron beam backWards, the ?rst com 

ponent of Coulomb repulsion mentioned above is com 
pletely reversible. The second and third components are not 
reversible, but Will be smaller in reverse since the beam is 
far apart during the early part of travel so any stochastic 
terms Will have less time to produce de?ection than in the 
forWard direction. Based on knoWn computations, the ratio 
of irreversible to reversible components of the Coulomb 
repulsion should be vanishingly small (approximately 
10'“). As a conservative estimate, the irreversible compo 
nent is of the order of 0.1 mm. 

Thus, as shoWn in FIG. 3, if the beam 32 Were generated 
backWards, that is start With the end results from FIG. 2 and 
reverse time, the initial 5 meter Wide beam Would very 
closely come to a 1 cm diameter parallel beam at 1000 km. 
Representative electrons 30 are indicated in the beam 32 
shoWn in FIG. 3. Accordingly, the Coulomb repulsed beam 
shoWn in FIG. 2 could be run in reverse. That is, start With 
a parallel, uniform current density 1 cm diameter beam With 
1 GeV energy and 1000 amps streaming out from an 
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6 
accelerator. Then, using the beam position and velocity at 
1000 km as a neW starting condition, reverse time and run 
the beam back. The 5 meter Wide slightly converging 
non-monochromatic beam Will converge to become nearly 
parallel, monochromatic and 1 cm in diameter at 1000 km, 
as shoWn in FIG. 3. 

A. Electron Beam Directed Energy Weapon 
Applying the results of reversing the beam shoWn in FIG. 

3, FIG. 4 shoWs hoW the beam Would function according to 
the directed energy Weapon of the invention. If the beam 32 
is reversed as shoWn in FIG. 3, an anti-missile electron beam 
directed energy Weapon 36 Would function as shoWn in FIG. 
4. FIG. 4 shoWs a schematic draWing that is analogous to 
FIG. 1. 

FIG. 5 shoWs a cross-section of one presently preferred 
electron gun 40 for a directed energy Weapon 36. Only the 
?rst feW plates 42 and last feW plates 44 are shoWn. 
Apertures 46 for the electrons are also shoWn. The plates are 
preferably not mechanically connected. Positioning and 
alignment is measured optically and motion is provided by 
gas jets (not shoWn) attached to each plate. The steering 
mechanism 50 Would be located to the right of the last plate 
through Which the beam exits the gun. 
The preferred embodiment is to design the optics With a 

computer program that takes all electrons as discrete 
charges. Such a program is available from Munro’s Electron 
Beam SoftWare Ltd. (WWW.mebs.co.uk). 

If the electron optics is reversible, then starting from the 
desired landing point and Working backWards to the needed 
gun design Will Work. Alternatively, if the optics is not 
su?iciently reversible, a trial-and-error computational 
method using a ray trace program Will still provide a 
solution. Charges could be taken as either discrete or a 
continuum (softWare also available from Munro’s Electron 
Beam SoftWare, Ltd.). Another alternate embodiment is to 
empirically design the electron gun geometry and voltages 
to minimiZe beam landing spread at the desired target 
distance. 
A prior art mechanism for steering a 5 meter Wide beam 

Without introducing aberrations is disclosed in US. Pat. 
Nos. 5,825,123, 6,232,709, and 6,614,151, commonly 
oWned by the oWner of this application, the contents of 
Which are incorporated herein by reference. Using such a 
mechanism, the de?ection angle Will be limited due to the 
stiffness of the 1 GeV beam and the di?iculties from the need 
to use very high de?ection voltages. The steered beam could 
also be steered With a magnetic ?eld de?ector (not shoWn), 
or both magnetic and electric ?eld de?ectors (not shoWn). 
One presently preferred embodiment of an electron beam 

Weapon is composed of a large electron gun 52 that is 
preferably 300 m in length and 5 m in diameter (the beam 
envelope) as seen in FIG. 5. The beam emitted from the gun 
does not have to be exactly round in cross-section although 
that Would be preferable. There Would be approximately 
100,000 or more ?eld emission tip electron sources arranged 
on a curved (convex) conductive surface aiming along 
trajectories that Would ?t the previously mentioned problem 
run in reverse. This is similar to prior art guns With a 
concave shaped cathode. 
To produce a 1 GeV beam, it Would take 301 properly 

contoured plates 42, 44 With apertures 46 arranged to 
passage the beams from all the individual ?eld emission 
sources. (The curvature of the plates is exaggerated in FIG. 
5 for emphasis. In reality, they are Within a fraction of a 
millimeter of being perfectly ?at.) Preferably, each of the 
plates 42, 44 needs to be 109/301 or 3.33 million volts more 
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positively charged than the previous plate on the cathode 
side. There may be more or less plates, more or less voltage 
betWeen plates and the plates may not have the same spacing 
or the same voltage difference from adjacent plates, but the 
electric ?eld betWeen plates should not exceed the break 
doyvn level and the total voltage should be approximately 
10 volts. The exit plate is preferably at ground potential. 
Apertures 46 in each plate are aligned to provide the proper 
trajectory as determined from FIG. 3. Each plate 42, 44 is 
preferably separated by a 1 meter distance D from adjacent 
plates 42, 44. The ?elds betWeen the plates 42, 44 are 
composed in the same manner as an electron microscope. 
This ?eld siZe is practical (and conservative) from high 
voltage breakdoWn considerations. The gun is preferably 
assembled in space due to its siZe, etc. 

Getting a pulsed current of 1000 amps from 100,000 ?eld 
emission sources requires a relatively modest 10 mA current 
per tip. Although they could be, the plates 42, 44 are not 
preferred to be mechanically connected one to another. They 
are each free to move under the control of small gas jets or 
other means (not shoWn). Laser beams directed doWn align 
ment apertures (not shoWn) guide positioning. Free ?oating 
plates 42, 44 alloW a design Without the need for mechani 
cally rigid high voltage insulating spacers; the surface of 
Which is often a path of high voltage breakdown. To generate 
a beam With non-monochromatic energy distribution as 
starting conditions, the ?eld emission tips could be at 
di?ferent potentials if the energy dilTerences are small, or 
even be placed on di?ferent curved plates if the energy 
dilTerences are large. 

Although large in dimensions, the gun itself Would not be 
massive since the main components (the 301 shaped sur 
faces) are not massivc themselves. The surfaces are prcfcr 
ably formed of thin metallic sheets or metaliZed polymer 
membranes, for example. They could be folded or preferably 
rolled up for transportation in a shuttle cargo bay, and 
unfolded into shape once they are unloaded in space. 

The collection of excessive charge on the device itself is 
preferably prevented by draining olT positively charged ions 
as the beam is operated. Charging capacitors and jettisoning 
positive plates in conjunction With the beam pulsing can be 
performed to accomplish this result. 

FIG. 6 shoWs one presently preferred poWer source for the 
device shoWn in FIG. 5. Energy stored in ?yWheels 60 is 
preferably employed to poWer each plate 42, 44. The sug 
gested ?yWheel 60 is preferably 1 to 10 meters in diameter, 
having a mass of 10 to 100 kg and rotating at 100 to 1000 
revolutions per second (the smaller numbers are preferred). 
A high-voltage capacitor 62 is also shoWn as an alternative 
poWer supply. If used, the capacitors 62, depending on the 
capacitance, inductance, and internal resistance, are prefer 
ably capable of poWering the beam for a limited number of 
pulses Without the need for ?yWheels 60. 

During the short time of operation, the beam has an 
enormous amount of energy. One thousand amps at 1 GV 
yields 1000 GigaWatts of poWer. (The energy in the beam is 
the poWer times duration of the pulse. For 0.1 msec pulses, 
this amounts to 100 Megaj oules per pulse.) According to the 
preferred embodiment shoWn in FIG. 6 and described above, 
energy storage is in the form of a series of rotating ?yWheels 
60 that are coupled to generators 64. Each preferably 3.33 
MV poWer supply for each plate 42, 44 has its oWn rotational 
energy storage setup, Which solves the problem of hoW to 
poWer them While each is at a di?ferent high voltage. The 
rotational energy could be built up during times When the 
beam is idle so that it is readily available for times of need. 
The presently preferred ?yWheel 60 rings provide a reason 
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8 
able rotational energy storage unit. Though the gun has very 
large physical dimensions, the 300 or so ?yWheels 60 (total 
of 3,000 to 30,000 kg) are the most massive part of the 
device. This design results in the ability to provide up to 1 
pulse per second continually for Weeks. 

Chemical poWer (pinWheel rockets), gas jets, or even 
solar poWer sources (not shoWn) are used to get the storage 
Wheels 60 up to rotational speed. After this energy is built 
up, keeping it stored requires continual and/or periodic 
re-injections of spin energy. Alternatively, energy storage 
capacitors 62 betWeen adjacent plates may also help poWer 
the device. They may require smaller voltage dilTerences and 
correspondingly more plates as a design trade-olT. 

Taking into account the 10 km uncertainty in beam 
trajectory at 1000 km due to the unpredictable component of 
the near-earth magnetic ambient ?eld, there are several 
alternative embodiments contemplated in order to hit a 1 
meter target. In a ?rst embodiment, a line shaped beam is 
created and sWept in a raster fashion like a broom over a 10 

km by 10 km ?eld horizontally and then vertically. While 
doing this, infrared telescopes (not shoWn) in orbit and/or 
earth-based are used to look for sudden heating of the target, 
or x-ray sensors are used to look for sudden x-ray ?ashesi 
in real time since the beam is travelling essentially at the 
speed of light. When a heat surge or x-ray, or any other 
emission from that target is detected, it can be correlated to 
the beam position so that the target can be located and/or 
destroyed in short time. 

There are other Ways to solve this location problem. In a 
second embodiment, knoWing the magnetic ?eld to 1 part in 
107 betWeen the gun and target (mostly near the gun), or 
alternatively using an array of distant test targets that can be 
used for trajectory calibration, can be used to aim or locate 
the beam. This is analogous to a target-shooter Who can 
either knoW the Wind at all points betWeen him and the target 
or take a feW test shots for calibration. The ?rst may be 
impractical, but the second is not. The electron gun prefer 
ably sends loWer energy bursts at full beam voltage to test 
targets strategically placed to obtain feedback on magnetic 
de?ection. 

The preferred device Would not operate Well in a vacuum 
Worse than 10-6 torr due to unacceptable corona elTects. If 
the orbital environment is not that good (loWer than 500-600 
km orbit), the entire gun can be contained Within a sealed 
enclosure and exhausted doWn to required vacuum levels. A 
thin conductive membrane WindoW or preferably a plasma 
vacuum valve Would be used to alloW the beam to exit While 
keeping the chamber at a required vacuum level. Testing and 
developing the device in the laboratory Would require meth 
ods to provide loW pressure. Preferred operation thus is in 
orbit higher than 600 km. 

In addition to protection from ballistic missiles, since 
electrons can penetrate some distance in air, the above 
described device also can be used to protect from threaten 
ing high-?ying aircraft. Another alternative, but not pre 
ferred, embodiment is to use an electron beam directed 
energy Weapon in a geosynchronous orbit at 40,000 km 
altitude. The solved problem is that only a feW devices are 
needed to protect the entire country rather than the 150 as 
noted in the prior art. The neW problem is of course, because 
of the further distance, Coulomb repulsion and the ability to 
hit a target are more dif?cult. Another possibility for use 
Within the atmosphere is to support the device With balloons 
or Within aircraft at high altitude. The device Would need to 
be enclosed in a sealed container and pumped to the required 
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vacuum levels. The preferred method, however, is to use 150 
devices in 600 km or larger orbits in order to cover and 
protect the desired area. 

B. Landmine Detection Device 

Turning noW to FIG. 7, one preferred embodiment of the 
directed energy device is shoWn as a modi?cation With much 
loWer voltage and perhaps current as Well to use electron 
beams to locate landmines and concealed explosives. In this 
presently preferred embodiment, the directed energy device 
70 is propelled by a Wheeled vehicle 72. Also indicated in 
FIG. 7 are a subsoil plume 74 marking the volume Where 
x-rays are produced resulting from the electron beam 
impacting the soil 80, and separate detectors 76 of x-radia 
tion used to form an image. A concealed landmine 78 is also 
shoWn. 

Landmines 78 do not usually contain signi?cant metallic 
content so that they are not detectable by simple eddy 
current or any other conductivity-sensitive metal detectors. 
This also means that x-ray contrast Will likely be loW. 
Analogously, mammography imaging is done at a relatively 
loW x-ray energy of 17.5 kV. This value is chosen to 
maximize the ability to visualiZe sub-centimeter tumors as 
Well as normal tissue. Other medical x-rays are done at 50 

to 100 kV for skeletal, lung and gastrointestinal studies. The 
higher voltage has more penetrating poWer but, With the 
resulting transparency, most tissue details vanish. 

When using x-rays to image tissue in medical applica 
tions, the photons can undergo three possible events. They 
can pass through the tissue (and add to the background), they 
could be attenuated (and reduce the intensity at the detector 
providing attenuation contrast), or they could be scattered 
(and blur adjacent areas, reducing contrast). The scattered 
photons are usually considered undesirable. Therefore in 
many medical x-ray devices, scatter-absorbing grids are 
used to suppress those photons. HoWever, there is valuable 
information lost in this process. To a microscopist, this lost 
information is called dark ?eld contrast or dark ?eld imag 
ing, and can be a valuable imaging mode. There are tWo 
Ways of dealing With scattered photons: they might be used 
to generate dark ?eld images since the signal may be large 
in magnitude, or they can be ignored (but then probably 
should be blockediotherWise there is detrimental blurring 
of adjacent areas in a bright ?eld image). 

Radiologists commonly use visual clues such as distor 
tions or variations in the tissue architecture in the neighbor 
hood of the disease rather than see the disease itself. There 
are clear and obvious contrast variations and distortions in 
local tissue environment that are easy for the semi-trained 
observer to ?nd. A Well-trained mammographer Will be far 
better at distinguishing normal (benign) features from malig 
nant features. There is no one single indicator that is alWays 
there as a positive reliable marker although certain patterns 
of specks of calci?cation can sometimes serve as indicators. 

The above effects can be applied to generate similar 
techniques to ?nd landmines 78 among buried rocks, roots 
and other items that could cause a false positive signal. Since 
there are only a limited number of commercially available 
landmines 78, the various knoWn silhouettes could be stored 
in a memory device (not shoWn) and later retrieved to be 
compared as key markers of a landmine 78 for example. 
Another approach Would rely on the spatial orientation 
relative to the soil surface and depth of burial. Since metal 
or other crystalline structures are not usually used in sig 
ni?cant quantity in landmines 78, there is probably little 
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10 
chance that at certain momentum transfers there Will be 
sharp scattering of x-rays that could be used to identify 
mines 78. 

According to one presently preferred landmine detector 
70, an intense and energetic electron beam 82 is injected into 
the soil in order to produce x-rays. The range of high energy 
x-rays in soil is at least several meters so We can consider 
ideas involving detectors 76 at least 1 or 2 meters distant 
(see beloW). Key to this concept Would be a method of 
producing x-rays beloW the soil surface With detectors at or 
very near the surface a feW meters distant. As described 
beloW, it is possible to generate suf?cient x-rays subsurface 
Without mechanically digging holes and having to place an 
x-ray tube doWn beloW the surface. 
The electron beam energy becomes dissipated as heat and 

x-rays (and of course light in some cases). X-rays are 
produced When energetic (in comparison to rest-mass 
energy) electrons are sloWed, change direction, or stopped 
suddenly When they impact an atom of relatively high 
atomic number. This is called bremsstrahlung or breaking 
radiation. Electrons can travel in atmosphere and to a lesser 
extent in soil. To maximiZe injury, antipersonnel landmines 
78 are usually buried to a short depth of 0-5 cm. Auseful rule 
of thumb is that the maximum range of electrons expressed 
in gm/cm2 is half the energy in MeV. That means the device 
70 needs to operate at approximately 30 MV. The range in 
atmosphere (1.2 mg/cm3) of a 30 MV electron beam is 120 
m and the range in soil (1.2 gm/cm3) is thus 12 cm. As the 
beam electrons interact With atoms in the soil, they undergo 
directional changes before they stop. The resulting x-radia 
tion is emitted in all directions from a plume 74 beneath the 
soil 80. X-rays are also emitted When impacted atoms 
undergo induced orbital transitions from k and l shells if 
energetically possible. These x-rays are also emitted in all 
directions. (Accordingly, shielding might be needed in a 
commercially sold device in order to protect the user.) 

Efficiency of x-ray production via a bremsstrahlung 
mechanism strongly depends on electron energy. According 
to one empirical formula, the efficiency is electron energy 
(MeV) times atomic number of the substrate divided by 750. 
The conversion of electron beam energy to x-ray energy for 
a medical application is 0.1 to 0.2% since tungsten (Z:74) 
and molybdenum (Z:42) are typical anode materials. Using 
silicon (Z:14) and an electron energy at 20 Mv, 24% of 
electron beam energy is transformed into x-ray energy in the 
subsoil 80 beneath the beam landing area. As the electrons 
gradually sloW due to successive interactions With the sub 
strate, the ef?ciency also gradually drops, but overall, the 
ef?ciency is still 50 fold higher than medical imaging 
ef?ciency. This estimate is based on the loWer atomic 
number of soil compared to tungsten or molybdenum. The 
x-ray intensity produced in medical imaging is typically a 
Watt or so. This is limited by thermal damage to the metallic 
anodeiWhich is not a problem in this case of landmine 78 
detection. 
The common constituent elements of soil (Si, O, N, Al, 

Ca, C, Na, Mg, P, K), all have exponential x-ray mass 
attenuation coef?cients betWeen 0.01 and 0.02 cm“1 at 20 
MV. Using an average mass attenuation of 0.015 cm“, 1 
meter of soil Would attenuate 22% of 20 MeV x-rays. 
Considering the MegaWatts of x-rays expected (see beloW), 
there Would be ample x-ray intensity at 1 or 2 meters beneath 
the soil surface 80, or even more, for the beam to illuminate 
and image any objects in the volume of interest. This means 
that an intense electron beam directed into the ground could 
be used to generate a bright source of isotropic x-rays in a 
plume 74 relatively deep inside the soil 80 and beloW the 
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level of buried landmines 78. An array of detectors 76 
positioned on or slightly above the soil 80 could then be 
placed in a position to detect a shadoW of a landmine 78. 
A smaller and loWer voltage version of the orbiting 

electron beam directed energy Weapon described above can 
be readily adapted for use as the landmine detection device 
70. For example, during the short time of operation, the 
device’s beam has high energy. One thousand amps at 30 
MV is 30 GWatts. Considering the 24% conversion effi 
ciency for the landmine detector FIG. 7, there Would be peak 
x-ray intensity of 7.2 GWatts or 9-10 orders of magnitude 
larger than the typical x-ray medical application. (The 
energy in the beam is the poWer times duration of the pulse. 
For 0.1 msec pulses, this amounts to 1 Mjoule per pulse of 
x-ray output.) The comparison to medical output is not 
exactly appropriate, hoWever, since in medical applications 
the beam-landing diameter on the anode is a fraction of a 
millimeter While it could be as large as 1 cm in the case of 
landmine detection While also operating With shorter pulses. 
HoWever, by reducing the beam current considerably (per 
haps by a thousand-fold or more), it greatly simpli?es the 
electron gun and electronics for this aspect of the invention. 
One presently preferred landmine detector includes a 

series of slightly curved conductive plates (not shoWn) 
ranging in siZe from a feW centimeters to about a meter in 
diameter With an aperture for each of the individual approxi 
mately 100,000 or even far feWer beams. Optics is designed 
so that the individual beams clear the apertures. The space 
charge for each individual beam is ignorable in this case. 
The beams 82 are aimed to converge a meter or so outside 

the gun 70 (FIG. 7) at a point 10-15 cm beloW the soil 
surface 80. Assuming that there is one plate supporting the 
electron sources and 10-100 more equally spaced 5 to 100 
cm apart, each plate is 0.3 to 3 MV less negative and might 
have its oWn rotational energy storage setup (as described 
above). This Would address hoW to poWer the plates While 
each is at a different high voltage. The rotational energy 
could be built up during times When the beam is idle and Will 
be readily available for times of need. A reasonable rota 
tional energy storage unit includes 1 to 10 kg rings, each 
having a 10 cm diameter and rotating at 100 to 1000 
revolutions per second. Chemical energy (pinWheel rockets 
or small motors), electrical energy, or gas jets could alter 
natively be used to get the storage Wheels up to rotational 
speed (as described above). The electron beam exits a 
vacuum chamber (not shoWn) as explained previously 
through a thin conductive membrane or preferably a plasma 
valve (not shoWn). 

The 30 MV device also preferably includes an insulation 
layer at least 30 inches in radius, Which is added to the gun 
70 column dimension. This applies to the device at the top 
Where the voltage is largest and the requirement decreases 
linearly doWn the column. It is possible that the high voltage 
breakdown limitation Will be far less than as described since 
the device is not to be used in a focusing mode. That is, high 
voltage stability is not needed and the voltage does not need 
to stabiliZe for long periods of time to reduce aberration. 
Pulsing the poWer on for only short times considerably 
lessens the breakdoWn problem. It is, therefore, possible that 
the device Will need less insulation spacing than is consid 
ered above. 

The electron gun is preferably enclosed in a high vacuum 
environmentiso the device Would need to be housed in a 
sealed container and pumped to needed vacuum levels. The 
beam exits through a thin vacuum barrier/Window, Which 
might need cooling in the preferred embodiment. Another 
alternative embodiment uses a plasma to form the WindoW. 
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Since landmines 78 are a relatively small (2-12 cm) in 

siZe, the incident electron beam cannot be too large in 
landing diameter since it Will limit resolution. A beam 
diameter of a centimeter or less is therefore preferred. The 
plume 74 Will be larger and that needs to be considered. 
High current beam pulses Would provide high detector 
signal-to-noise ratio. A reasonable mode of operation is thus 
to use a 30 MV beam of electrons With 1 pulse per second 
of 1 to 1000 amps and 0.1 msec duration into a 1 cm 

diameter spot on the soil surface 80. Another mode Would be 
to use less current per pulse such as milli-amps or even less 
and more pulses per second such as 10-1000. With such 
small currents, it is possible to use small radio-frequency 
driven accelerators such as cyclotrons to produce the current 
pulse. An array of 100 or more x-ray detectors 76 arranged 
in a circle 2-4 meters in diameter from the electron beam 82 
Would collect image information. An algorithm can select 
areas as suspicious for landmines if image silhouettes Were 
similar to that from knoWn manufactured landmines or even 
mechanical actuators that connect to deeper buried land 
mines. That is, landmines might be buried deeper than can 
be detected by techniques such as ground penetrating radar. 
Amechanical connection to these deeper landmines could be 
a Wooden doWel that is not detectable With ground penetrat 
ing radar, but might Well be seen With back illuminated 
x-radiation. 

The above-described landmine detection device operates 
in either a dark ?eld contrast mode or a bright ?eld contrast 
mode. The landmine detector also may operate in a scanned 
mode much like a scanning electron microprobe or micro 
scope. It also functions similar to a computed tomography 
imaging device as used in medical imaging. The device thus 
takes many x-ray vieWs of a subject from dilferent angles 
and combines the images using knoWn algorithms to pro 
duce cross-section images. 

FIG. 8 shoWs an alternative embodiment of an electron 
beam directed energy device to locate landmines and con 
cealed explosives. This version is air-based and is preferably 
carried by a helicopter 90. A 30 MV electron gun 92 is slung 
beneath a helicopter in this embodiment With the electron 
beam exit pointing doWn. A grid array of x-ray detectors 94 
is supported by a mechanical frameWork similar to When the 
detectors are resting on the soil surface 80 When the electron 
gun 92 is a meter or so off the surface 80. Readings are taken 
of the area under the grid and then the helicopter 90 moves 
to another area for another scan procedure. It is possible that 
the detectors are separate from the electron beam device and 
stay ?xed on the ground for certain applications. 
The electron landmine detector is thus preferably located 

close to or on the ground and carried by a ground vehicle (as 
shoWn in FIG. 7) or by a helicopter (FIG. 8), but may also 
be carried by a balloon or ?xed-Wing aircraft. If a ground 
based vehicle carries the device, an electrical ground con 
nection (not shoWn) could provide the means to prevent 
excessive charging of the electron beam device as electrons 
are emitted. OtherWise, means for expelling positive charges 
in conjunction With electron emission is needed to prevent 
excessive charging (as described above). 

Scattered or re?ected or re-emitted radiation up from the 
ground could also be used to detect the presence of nitrogen 
or any other speci?c material that is an indicator of explo 
sives. The nitrogen component in landmines is 18-38% by 
Weight While in soil it is less than 0.1% by weight. It may 
even be possible to detonate explosives With an energetic 
electron beam. It is also contemplated that this device could 
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produce intense x-ray energy that could be used to search for 
precious minerals and objects such as gold, silver, diamonds 
or the like. 

It is to be appreciated that a Wide range of changes and 
modi?cations to the above examples of the best modes for 
carrying out the invention are contemplated Without depart 
ing from the essential spirit and scope of the invention. It is 
therefore intended that the foregoing detailed description be 
regarded as illustrative rather than limiting, and that it be 
understood that it is the folloWing claims, including all 
equivalents, that are intended to de?ne the spirit and scope 
of this invention. 

I claim: 
1. A directed energy device comprising: 
an electron gun generating a plurality of electron beams, 

said plurality of electron beams disposed such that their 
beam axes are oriented in a pre-con?gured direction 
and separation to substantially overcome Coulomb 
repulsion at a point greater than 100 kilometers distant; 

an electron accelerator positioned after the electron gun 
consisting of a plurality of sequential conductive 
shaped plates, each plate having at least one aperture 
per electron beam Where the apertures are positioned at 
the respective beam’s axis, and the shape of the plates 
is essentially normal to the electron beams, the approxi 
mate spacing of the plates from adjacent plates is larger 
than the electrical breakdoWn limit; and 

means for applying voltages to each conductive plate 
relative to other conductive plates. 

2. The directed energy device of claim 1 having a beam 
envelope that exceeds 1 m in any diameter. 

3. The directed energy device of claim 1 Wherein the 
device is used to direct energy to a target. 

4. The directed energy device of claim 1 Wherein the 
device is used as a Weapon. 

5. The directed energy device of claim 1 Wherein the 
device is directed to targets above the atmosphere. 

6. The directed energy device of claim 1 Wherein the 
device is directed to targets Within the atmosphere. 

7. The directed energy device of claim 1 in Which the 
pre-con?gured direction and separation of the beams is 
designed by considering the other charged particles to be a 
continuum of charges. 

8. The directed energy device of claim 1 in Which the 
pre-con?gured direction and separation of the beams is 
designed by considering the other charged particles to be 
discrete charges. 

9. The directed energy device of claim 1 Wherein the 
means for applying the separate plate voltages comprises an 
energy storage device. 

10. The directed energy device of claim 9 Wherein the 
energy storage device comprises at least one ?yWheel. 

11. The directed energy device of claim 1 disposed in an 
environment de?ning a pressure of less than 10-5 torr. 

12. The directed energy device of claim 1 Wherein the 
plurality of particle beams are disposed such that the beams 
are convergent to a point at a speci?ed distance greater than 
100 km from the exit of the device. 

13. The directed energy device of claim 1 Wherein the 
electron gun produces an energy of over 0.1 GV beam 
voltage and over 100 amps total beam current With a beam 
landing of less than 50 cm diameter at a distance greater than 
100 km. 

14. The directed energy device of claim 1 Wherein the 
placement of the apertures in the conductive plates corre 
sponds to trajectories that Will mostly direct the electrons to 
land at a target Within a landing diameter. 
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15. The directed energy device of claim 1 having at least 

one high voltage capacitor betWeen at least one pair of 
conductive plates. 

16. The directed energy device of claim 1 having voltage 
provided by at least one high voltage poWer supply betWeen 
at least tWo conductive plates. 

17. The directed energy device of claim 1 Wherein some 
electron beams originate at different voltages to provide 
different electron energies. 

18. The directed energy device of claim 1 Wherein at least 
one charged plate has a conductive surface on a noncon 
ductive substrate. 

19. The directed energy device of claim 1 Wherein at least 
one conductive plate is foldable for transportation into 
space. 

20. The directed energy device of claim 1 Wherein at least 
one conductive plate can be rolled up for transportation into 
space. 

21. The directed energy device of claim 1 Wherein poWer 
provided for at least one conductive plate by using stored 
rotational energy in at least one ?yWheel. 

22. The directed energy device of claim 1 further com 
prising means for jettisoning an approximately equal posi 
tive charge as the electron beam carries aWay. 

23. The directed energy device of claim 1 having at least 
tWo conductive plates mechanically aligned and attached 
one to another using at least one high voltage insulator. 

24. The directed energy device of claim 1 Wherein at least 
one conductive plate is free to move. 

25. The directed energy device of claim 24 Wherein at 
least one conductive plate is free to move With motion 
provided by gas jets. 

26. The directed energy device of claim 24 Wherein the at 
least one conductive plate alignment is measured by at least 
one laser beam directed doWn alignment apertures in at least 
one conductive plate. 

27. The directed energy device of claim 24 Wherein the at 
least one conductive plate alignment is measured by at least 
tWo laser beams directed doWn different siZe apertures for 
separate coarse and ?ne alignment. 

28. The directed energy device of claim 1 Wherein con 
ductive plate-to-plate spacing is approximately equal 
betWeen all plates. 

29. The directed energy device of claim 1 Wherein con 
ductive plate-to-plate spacing is larger than the minimum 
spacing limited by breakdown electric ?eld strength. 

30. The directed energy device of claim 1 Wherein steer 
ing of the beam after it exits from the last conductive plate 
uses magnetic ?elds. 

31. The directed energy device of claim 1 Wherein steer 
ing of the beam after it exits from the last conductive plate 
uses electric ?elds. 

32. The directed energy device of claim 1 Wherein the 
plurality of electron beams comprises at least 10 charged 
particle beams and at least 100 sequential conductive shaped 
plates, each plate being at least 1 meter in a diameter. 

33. The directed energy device of claim 1 Wherein posi 
tive charges are removed from the device by charging 
capacitors and jettisoning the positive plates in conjunction 
With electron beam operation. 

34. The directed energy device of claim 1 further com 
prising an array of test targets appropriately positioned in 
space and periodically hit With a loWer than 100 amp current 
but full-voltage beam for calibration of aiming. 

35. The directed energy device of claim 1 further com 
prising an array of test targets appropriately positioned in 
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space and periodically hit With a duration less than 0.1 msec 
but full-voltage beam for calibration of aiming. 

36. The directed energy device of claim 1 Wherein an 
array of magnetic ?eld measuring devices are appropriately 
positioned to provide information on the local magnetic ?eld 
for determining beam aiming to hit a target. 

37. The directed energy device of claim 1 enclosed Within 
a container that is evacuated by at least one vacuum pump. 

38. The directed energy device of claim 1 Wherein steer 
ing of the beam after it exits from the last conductive plate 
uses electric ?elds and magnetic ?elds. 

39. The directed energy device of claim 1 Wherein the 
device is used as an electron beam directed energy Weapon. 

40. The directed energy device of claim 1 Wherein the 
device is used to destroy targets. 

41. The directed energy device of claim 1 supported by a 
balloon Within the earth’s atmosphere. 

42. The directed energy device of claim 1 disposed in 
orbit above the earth’s atmosphere. 

43. The directed energy device of claim 1 disposed in 
geosynchronous orbit above the earth’s atmosphere. 

44. The directed energy device of claim 1 carried on an 
airplane Within the earth’s atmosphere. 

45. A directed energy device comprising: 
an electron gun having at least one beam of electrons, said 

at least one beam of electrons disposed such that at least 
one beam axis is oriented toWards the surface of the 
earth and is located at a position of up to 200 meters 
above the surface of the earth; 

an electron accelerator, the electron accelerator operable 
to energiZe the electrons to between 10 MeV and 100 
MeV; and 

Wherein the directed energy device is operable to deposit 
energy subsurface. 

46. The directed energy device of claim 45 used to 
generate x-rays directed from beneath the surface of the 
earth. 

47. The directed energy device of claim 45 used to 
provide back-illumination for detecting concealed explo 
s1ves. 

48. The directed energy device of claim 45 Wherein the 
beam is scanned to provide multiple images for detecting 
concealed explosives. 

49. The directed energy device of claim 45 Wherein image 
shapes that do not correspond to knoWn landmine shapes are 
rejected. 

50. The directed energy device of claim 45 further com 
prising x-ray absorbing grids to attenuate scattered radiation. 

51. The directed energy device of claim 45 further com 
prising x-ray absorbing grids to attenuate unscattered radia 
tion. 
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52. The directed energy device of claim 45 used to locate 

valuable buried items. 

53. The directed energy device of claim 45 further com 
prising a plasma valve to alloW beam exit from vacuum to 
atmosphere. 

54. The directed energy device of claim 45 Wherein the 
device is used to destroy landmines. 

55. The directed energy device of claim 45 Wherein excess 
charge is jettisoned as the device operates. 

56. The directed energy device of claim 45 further com 
prising a membrane WindoW to alloW beam exit from 
vacuum to atmosphere. 

57. The directed energy device of claim 45 Wherein the at 
least one beam of electrons are aimed toWard a point 10-15 
cm beloW the surface. 

58. A method for impacting ballistic missiles using a 
directed energy device, comprising the steps of: 

generating a plurality of electron beams, said plurality of 
electron beams disposed such that their beam axes are 
oriented in a pre-con?gured direction and separation to 
substantially overcome Coulomb repulsion at a point 
greater than 100 km distant; 

positioning an electron accelerator consisting of a plural 
ity of sequential conductive shaped plates, each con 
ductive shaped plate containing at least one aperture 
per electron beam, Wherein the apertures are positioned 
at the respective beam’s axis, and the shape of the 
conductive shaped plates being essentially normal to 
the electron beams, the approximate spacing of the 
plates from adjacent plates is larger than the electrical 
breakdown limit; and 

applying voltages to each of the plurality of conductive 
shaped plates relative to the other of the plurality of 
conductive shaped plates. 

59. A method for detecting landmines using a directed 
energy device, comprising the steps of: 

providing an electron gun having at least one beam of 
electrons, said at least one beam of electrons disposed 
such that at least one beam axis is oriented toWards the 
surface of the earth, the position of the electron gun 
being located at a position of up to 200 meters above 
the surface of the earth; 

providing an electron accelerator operable to energiZe the 
electrons to between 10 MeV and 100 MeV; and 

depositing the energy from the electrons at or beloW the 
surface of the earth. 


