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‘How we made the Chernobyl rain’ = Telegraph -

2
Telegraph coux 0l
'How we made the Chernobyl rain’

By Richard Gray
Published; 12:01AM BST 22 Apr 2007

Russian military pilots have described how they created rain clouds to protect Maoscow from radioactive fallout after the
Chernobyl nuclear disaster in 1986,

Major Aleksei Grushin repeatedly took to the skies abave Chernobyl and Belarus and used artillery shells filled with
silver iodide to make rain clouds that would "wash out" radicactive particles drifting towards densely populated cities.

Related Articles
Kremlin revives plan for 60-mile tunnel to Alaska {Inewsiwortdnews! 1548192 Kremlin-revives-plan-for -tunnel-to-
Alaska himil)

Britain still affected by Chernobyl {inews/uknews/1514492/20-years-on-Britain-still feels-the-effects-of-
Chernobyi htrl)y

Chernoby! protesters jailed {newsiworidnews/europe/belarusi 488881/Chernobyl-protesters -are-jailed htmi)

More than 4,000 square miles of Belarus were sacrificed to save the Russian capital from the toxic radioactive
material.

“The wind direction was moving fram west to east and the radioactive clouds were threatening to reach the highly
populated areas of Moscow, Voronezh, Nizhny Novgorod, Yaroslavl,” he told Science of Superstarms, a BBCZ
documentary to be broadcast today.

“If the rain had fallen on these cities it would've been a catastrophe for millions. The area where my crew was actively
influencing the clouds was near Chernobyl, not enly in the 30km zane, but out to a distance of 50, 70 and even 100
e

In the wake of the catastrophic meltdewn of the Ghemabyl nuclear reactar, people in Belarus reported heavy, black-
coloured rain around the city of Gomel. Shortly beforehand, aircraft had been spotted circling in the sky ejecting
coloured material behind them.

Moscow has always denied that cloud seeding took place after the accident, but last year on the 20th anniversary of
the disaster, Major Grushin was among those haonoured for bravery. He claims he received the award for flying cloud
seading missions during the Chernobyl clean-up.

A second Soviet pilet, who asked not to be named, also confirmed to the programme makers that cloud seeding
operations took place as early as two days after the explosion.

Alan Flowers, a British scientist who was one of the first Western scientists allowed into the area o examine the
axtent of radicactive fallout around Chernobyl, said that the population in Belarus was exposed to radiation doses 20 ta
30 times higher than normal as a result of the rainfall, causing intense radiation poisening in children.

Mr Flowers was expelled from Belarus in 2004 after claiming that Russia had seeded the clouds. He said: "The local
population say there was no warning before these heavy rains and the radioactive fallout arrived.”

© Copyright of Telegraph Media Group Limited 2010

http: f fwew.teleg raph.co,uk/ news fworldnews (1 549366 Haw-we-made-the-Cherncbyl-rain.html Pagina 1 van 1
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[57 ABSTRACT

A method and apparatws for aliering at least one se-
l=ctzd region which normally exists sbove the carth's
susface. The region iz excited by electrom eyeloiron
resonance heating 1o thersby inarsass its charged pari-
cle density, In one embodiment, circularly polarized
electromagnetie radiation s transmitted wpward in &
direction substantlally parallel to and along a field lne
which extends through the region of plasma 1o be 2l
tered. The radiation is transmitted at 2 frequency which
exciies electron eyclotron resonance o heat and sccel-
erate the charged parmicles. This increase in enecgy can
cause ionization of neutral particles which are then
shsorbed as part of the region therehy increasing the
charged particle demsity of the region.

15 Claims, § Drawing Figures
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METHOD AND APFARATUS FOR ALTERING A
REGION IN THE EARTH'S ATMOSPHERE,
TONOSPHERE, AND/OR MAGNETOSPHERE

DESCRIPTION

I. Technical Field

This irvention relates to a methed and apparatus for
altering at least one sebected region normally exising
above the earth’s surface and mere particularly relates
wr a method and appasatus for altering snid at least one
region by indtislly transmitting electramagnetic radia-
tion from the carth's surface essentially parallel to and
along natorally-oseuzring, divergent magnetic feld
lings which extead from the earth’s sucface through the
region of regions 1o be altered.

1. Background Art

In the late 1950%, it was discovered that naturally-
occuring belis exist at high altitudes sbove the earth's
surface, and it is now =stablished that these beles result
from chacged electrons and ions becoming trapped
aleng the mapnetic fines of force (ficld linesh of the
carth's essentially digole magnesic field. The trapped
electrons and fons are confined along the field lines
betwsen two magnetic mirrors which exist a1 spaced
apari points along those field lines. The trappsd elsz-
trons and ions move in helical paths around their partie-
ular field lines and “bouncs” back and forth betwesn
the magnetic mirrors, These rapped electrons and lons
cam osciflate along the feld linss for loag pericds of
time.

In the past severnl years, subsiantial effort has been

s

15

]
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made to understand and explain the phengmens in-

volved in belts of trappsd electrons and ions, and to
explore passible ways 1o control and use thess phenom-
ena for beneficial purpesss. For example, in the lae
1950°s and eacly 1960's both the United States and
US55 R. detonated a series of nuslear devices of vari-
ous yields to generate large nombers of charged parti-
cles ar variows aliitudes, eg., 200 kilometers (km) or
grestes. This was done in order to establish and study
artifical belts of trapped electrons and jons. Thess ex-
periments established that a3 least some of the extrane-
ous electrons and ions from the detonated deviess did
become trapped along feld lines in the sarth's magneto-
sphere to form artificial belis which were stable far
prolonged periods of time. For a discussion of these
expeciments see “The Radistion Belt and Magneto-
sphera”, W, N. Hess, Blaksdell Publishing Co., 1968,
poa. 155 et see.

Othes proposals which have been advanced for alter-
ing existing belts of trapped electrons and jons and/or
exteblishing similar artificial belts include injecting
cherged pacticles fram a satellite carrying a paylosd of
sadicactive bet-decay material or alpha emitters; and
injecting charged particles from o satsllife-bosne elec-
iron ascelerator. Still anather approsch is described in
U5, Pal- Mo, 4,042,196 wherzin 2 low energy lonized
g8, o, hydrogen, s relessed from a synchronous
orbiting satellite near the apex of o radiation bell which
s naturally-occurring in the sarh’s magnetosphere to
produce & substantial increase in energetic particle pre-
cipitation and, under certain cenditions, produce a limit
in the number of particles that can be stably tezpped.
This precipitation effect arises from an enhapcement of
the whisiler-mode and iop-cyclotron mode nleractions

45

0
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that result from the lonized gas or “cobd plasma™ injec-

.

It has flso besn proposed (o release large chowds of
barium in the magnetosphere so that photoionization
will increass the cold plasma density, thersly produc-
ing electran precipilation through enhanced whistler-
mode interachione

Hewever, in a1l of the above-mentioned approaches,
the mechanisms invalved in triggering the change in Lhe
srapped paricle phenomens must be setually positioned
within the affected zone, e, the magnetosphere, be-
fore they can be actuated to offect the desired change.

The #arth's ionosphers is not considered to be a
“trapped” belt since there are few trapped particles
therein. The term “trapped™ herein refers (o siuations
where the force of gravity on the trapped particles is
balanced by magnetic forces rather than hydrostatic or
collsional forces. The charged elestrons and ions i the
jonnsphere also fallow helical paths around magnebs
field lines within the jonosphere bat are nod tpped
betwesn mirross, a5 in the case of the trapped belts in
the magnetosphere, since the gravitational force on the
particles is balanced by collisienal or kydrostatic forces.

In recent years, & number of experiments have aciu-
ally been carried out g0 medify the ionosphere in some
controlied manner to investipate the possibility of &
beneficial result. For detailed discussions of thess opera-
tons sez the following papers: (1) lonsspheric Modifi-
cation Theory; G. Meltz and F. W, Perking (2} The
Platteville High Power Facility; Carral et al; (3] Are-
cibo Heating, Experiments; W, E. Gorden and H, C,
Carlsan, Ir.; 2nd (4) lanespheric Heating by Powerful
Radio Waves; Meltz e al., afl published in Radio Sci-
ence, Vol &, Mo, 11, November, 1574, at pages 883-888;
RE5-R04; 1047=1047; and 1045-1063, respectively, all of
which are incorporated hereln by reference. In such
experiments, certain regions of the ionosphere are
heated to change the electron density and temperature
within thess regions. This is sccomplished by transmit-
ting from earth-based antennee high freguensy electro-
magnstic radiatiem at a substantial angle to, net pasallel
1, the ionosphere’s magretle field to hest the oo
sphesic particles primarily by ohmic heating. The ehec-
tron tempesature of the ioncsphese has been raised by
hundreds of degrees in these expesiments, and electrons
with several electron wolts of energy lsave besn pro-
duced in numbers sufficient to enhance airglow, Elec-
tron concentrations have been reduced by a few per-
cent, due 1o expansion of the plasma as a reselt of in-
crensed temperalibre.

In the Elmo Bumpy Torus (EBT), a controlled fusion
device at the Orak Ridge Mations! Laboratory, all heat-
ing is provided by microwaves at the electron eystotron
resonance internction. A cing of kot electrons is formed

a1 the earth's surface in the magnetic mireor by a combi-

nation of electron cyclotron resonance and stechastic
heating. In the EBT, the ring electrons are produced
with &n average “'temperaore’ of 250 kilo electron
volts or kev (2.5 107K} and 2 plasma beta between 01
and (h4; see, “A Theoretical Stedy of Electron—Cyclo-
ron Absarption in Ebmo Bumpy Torus™, Batchelor and
Goldfinger, Nuckear Fusion, Vel 20, No. 4 (1930) ppe
403=418.

Electron cvelatron resonance heating has been used
in experiments on the earth’s susface 1o produce and
aooelerate plasmas in a diverging magnesic feld. Kos.
mah! et al. showed that power was transferred from the
electromagnesic waves and that a fully Jonized plasma

page 19
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was aceclerated with a divergence angle of roughly 13
degrees. Optintum neutral gas density was 1.7 10Hper
cubic centimeter; see, “Flasme Acceleration with Mi-
crowaves Near Cyclotron Resonance”, Bosmahl ot al.,
Journal of Applied Physics, Vol. 38, No. 12, Nov,, 1967,
Pps. 45764562,

DISCLOSURE OF THE INVENTION

The present invention provides a methed and appara-
tus for shering at least one selected segien which nor-
mally exisis above the earth's surface. The region is
axcited by electron cyclotron resonance heating of elec-
trems which are already present and/or artifically cre-
nied in the region 1o thereby insrease the charged parti-
cle energy and ultimately the density of the region.

In one embodimens this is dons by fransmitting circu-
larly polarized ebeciromapnetic radistion from the
earth's surface a1 or near the location where 2 naturally-
occurring dipale magnetic field {force) line intersects

L]

the earth's surfacs, Right hand circular polarizaton & 10

used in the northern hemisphere and Jeft hand ciroslar
polarization & used in the southern hemisphers, The
radiation is deliberately transmitted a1 the outset in a
direction substantsially paralle] 1o and along a feld line
which extends upwardly through the region to be al-
tered. The radiation is transmitred at a frequency which
is based on the gyrofrequesncy of the charged particles
and which, when applicd to the at least one region,
excites elestron cyeloron resonancs within the region
or regions to heat and accelerate the charged particles
in their respective helical paths around and along the
ficld Ine. Sufficient-cnergy is smployed to cawse ioniza-
sion of neutral particles (malecules of oxygen, nltrogen
and the like, parthculates, e1e.} which then becoms a
part of the region theeeby ineseasing the charged parti-
cle density of the region. This effect can further be
enhanged by providing ertificial particles, e, slec
trons, iong, efc., directly into the region to be affected
from a rocket, satellite, or the Iike to supplement the
perticies in the naturally-sccurring plasma, These ami-
feial particles are alsg fonized by the transmitted elec-
tromagnstic radiation thereby increaging charged parti-
<l demsity of the resulting plasma in the region.

In another embodiment of the invention, electron
eycloiron resenance heating s carried out in the se-
lecied replon or reglons at sulficient power levels to
allow & plasma presear in the region to generate a mir-
ror force which forces the charged electrons of the
altered plasma upward alomg the force line 1o an ali-
tode which is higher than the original altitude In this
case the relevant mirror points are at the base of the
wltered region or regions. The charped electrons drag
ions with them 25 well as other particles that may be
present, Sufficiznt power, e.5., 10%%joules, can be ap-
plicd s2 that the altered plasma can be trapped on the
field line Between mirror points and will oscillate in
space for prolonged pericds of time. By thic embodi-
ment, & plome of altered plasma can be esiablished a1
selected [osaty for ¢ ication modification ar
other purposss.

In anoiher embodiment, this invention s used to alter
&t least one selected region of plasma in the ionosphere
1o establish a defined layer of plasma havieg zn in-
creased charged particle density. Once this layer is
established, and whils maintaining the transmission of
the main beam of circelariy polarized slectromegnetic
radiation, the main beam is modulated and//or at beast
one second diferant, modulated electramagnetic zadia-
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tion beam is transmitted from at lezst one separaie
source at a different frequency which will be absorbed
in the plasma layer, The amplitode of the frequency of
the main beam and/af the sacond beam or beams ic
modulated in resonance with at lezst one known ascille-
sien mode in the selected region or regions to excite the
known osclllation mode to propagate 2 known fre
quency wave of waves throughout the ionosphers,

BRIEF DESCRIFTION OF THE DRAWINGS

The actval constrection, operation, and appasent
adwantages af this invention will be better understond
by referring to the drawings io which like numerals
identify Jike parts 2nd in which:

FIG. 1 is a simplified schematical view of the earth
(nat to scale) with 8 magnetic fizdd (force) line along
which the present invention ie carried our;

FIG. 2 is one embodiment within the pressnt inven-
tiom in which a sslected region of plasma is raised 1o a
higher altitude;

FIG. 3 is a simplified, idealized representation of a
physical phenemenon involved in the present invention;
and

FIG. 4 is 2 schematic view of another embodiment
within the presemt invention,

FIG. 5 &5 2 schematie view of an apparatus embodi-
mear within this invention,

BEST MODES FOR CARRYING OUT THE
INVENTION

The earth’s magnetic fisld is somewhat analogous 1o
a digole bar magnet, As such, the sarth's magnetic fizld
containg numerous divergent feld or fores lines, sach
fine intarsecting the earth’s surface at points an oppodite
sides of the Equator. The field lines which intersect the
earih’s surface near the poles have apexes which be at
the furthest points in the carth's magnesosphere whils
those elasest to the Equater have apexes which reach
only the lower portion of the magnetesphere,

At various altitudes above the earth's surface, e.g., in
bosh the icnosphere and the magnetasphere, plasms
naturally preseat along these field lines, This plasma
conszsts of equal numbers of positively and negatively
charged particies (ie., elecirans and fons) which ate
guided by the field line. It is well sstablished that a
charged particle in & magretic field gyrates about field
lines, the center of myTation 2t any instance being called
the “guiding center™ of the particle, As the gyrating
particle moves aleng a field line in a uniform field, it
will follow a helies] parh about its goiding center, hence
lincar motion, and will remain on the field line. Elee-
trens and ions both follow helical paths around o fisld
tine bt rotate in opposite directions. The frequencies at
which the electrens and ions rotate shout the field line
are czlled gyromegnetic frequencies or eyelotren fre-
quencies hecause they ate identical with the expression
for the angular frequencies of gyration of particles in 2
cwelotron. The eyelotron frequency of ions in & given
magnetic field is bess than that of electronsg, in inverse
proportion to theic mass=s.

If the perticles which form the plasma slong the
earth’s figld lines continued 1o move with a constant
pltzh angle, often desigrared “alpha®, they would soon
impact on the earth’s surface. Phich angle alpha is de-
fined as the angle betwesn the direction of the earth’s
magnetic fizld and the welocity (V) of the particle.
However, in converpging foree fields, the pitch anple
doms change in sveh & way as 1o allaw the particls 1o
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turn around and avoid impact, Consider a particie mov.
ing atong a figld line down toward the earth. 1t moves
into a region of increasing magnetic fisld strength and
thercfore sine alpha increases, Bot sine alpha can only
increase 1o 1.0, et which point, the panicle turns around
and staris moving up along the feld line, and alpha
decreates, The point a1 which the pasticle torns around
is called the mirrer point, and there alpha equals ninety
degrees. This process is repeated at the other end of the
field line where the seme magnetic figld strength valoe
B, namely Bm, exists. The particle agsin furms around
and this is called the “conjugate point™ of the original
mirror point. The particle is therefore trapped and
bounges betwesn the two magnetic mirrors. The parti-
cle can continue osc-il]nlmg in space in this manner for

.’.mgpma-cbn time. The actual place where a particle
will mirror can be calenlated from the following:

sin? alphage= By &)
whergin:

alpha, =equaterial pitch angle of particle

Bs=equatorial fleld strength on & pamicutar ficld line

B=field strength at the mirror poine

Recent discoveries have estsblished that there are
substantial repions of naturally trapped particles in
space which are commenly ealled “trapped radiation
helts". These belts oocur at altitedes greater than about
300 km ard accordingly lis in the magnetosphere and
mostly above the ionosphere.

‘The lonosphere, while it may owverlap some of the
trapped-particle belts, Is 2 region in which hydrostarie
forces govern (1 particle distribution in the gravite-
ticmal field, Particle motion within the ionosphere is
governed by both hydrodynamic and electrodymamic
forces, While there are few trapped particles in the
joncaphere, nevertheless, plasma is present aleng field
lines in the jonosphere. The charged particlss which
form this plasma move bepween eolilsions with ether
particies along similar helical paths around the fald
lines and althopgh & partieular particle may diffuse
downward into the earth's lower atmesphere or lose
energy snd diverge from its origingl fizld line dus 1o
collisions with other particles, these charged paricles
are normally replaced by other available charged parii-
cles or by particles that are ionized by collision with
s2id particle. The electran density (N} of the plasma
will vary with the actual conditions and locations in-
solved. Also, neutral particles, iong, and slectrons are
present in proximity to the fisld linss.

The praduction of enhanced icnizasion will also alier
the distribution of atomic and molecatar constitvents of
the atmosphere, most notably throogh increased atomiz
nitrogen concentration, The upper stmosphere iz nor-
mally rich in atomic oxypen (the dominant atmosphere
constitient above 200 km alinade), but atomie nitregen
is nosmally relatively rare. This can be capected 1o
manifest itself in increased aitglow, among other el
fezts.

As known in plasma physics, the characteristies of a
placma can e aliered by xﬂdmg Enzriy ta :he charged
particles or by ioaizing o7 ® 1 particles
1 incrense the density of the plasma. One way to o this
s by heating the plasma which can be a.cr.mnphshnd in
differsmt ways, e.g, ohmic, magnetic compression,
shock waves, magnetic pumping, eleciron eyelotron
resonence, and like.

Since elestron evclotron resomance hesfing is in-
volved in the present invention, a briel discussion of
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sime ie in order. Increasing the energy of dlecteons in a
plasma by invoking electron eyelatron resonance heat-
ing, is based om a principle similar to that wtilized to
uceelerate charged particles in o cyelotron, IF a plasma
is confined by a static axial magnetic field of sirength B,
the charged particles will gyrate obout the lines of fores
with a frequency given, in heriz, as ;=154 1584,
wiere: B=magnetic field strength in gawss, and A=.
mass number of the son.

Suppose a time-varying Meld of this frequency i5 su.
perimposed on the static ficld B confining the plasma,
by passage of a radiofrequency current through a enil
which i concentriz with that producing the axial feld,
then in each half-evele of their rotation sbout the field
lines, the charged particles acguire ensrgy from the
oacillating, elestris field sieoctsred with the radio fre.
quenzy. For exnmple, if B is 10,000 gaacs, the frequeney
of the field which is In resonence with protons in a
plasma is 154 megahertz

As applied to eleetrons, electron eyekatron resonance
heating reguires an oscillating field having s definite
frequency determined by the strength of the confining
field. The radio-freguency redistion produces tims-
varying fields {sleciric and magnetic), and the eleciric
field accelerates the charped particle. The energieed
electrens share their snesgy with jons and peutrzls by
undergoing collisions with these particles, thereby ef-
fectively raising the temperature of the electrons, ions,
and neutrals, The appartionment of enérpy among these
species & determined by collision frequencies. For a
more defailed understending of the physics involved,
see “Controlled Thermonuelear Reactions™, Glassione
and Lovberg, D). Van Nostrand Company, Ine., Prince-
o, MI., 1960 apd “The Radistion Belt and Magneto.
sphere”, Hess, Blaisdsll Publishing Company, 1968,
both of which are incorporated herein by reference.

Referring now Lo the drawings, the present invention
provides a method and apparatus for altering at least
one region of plasma which lies along a fHiekd line, partic-
nlarly when it passes through the jonosphere andfor
magnetosphere. FIG. 115 a sirmplifed illustration of the
earth 10 and eme of its dipols magrstic Tores or fisld
lines 11, As will be understood, line 11 may be any one

o ol the numerous namarally existng feld lines and the

actual geapraphical locations 13 and 14 af line 11 will be
chaosen based on a particular operation to be carried out.
‘The actual locations st which feld lines intersect the
earth's surface is docomented and is readily ascemain-
able by these skilled in the art

Line 11 pasies through region B which liss ot an
altitude above the earth’s surface. A wide rangs of altl-
tades are useful given the power that can be employed
by the practics of this invention, The ekectron cyclotron
resonance heating effect can be made to act on electrons
anywhere above the surface of the earth. Thess elec-
trons may be alrezdy presznt in the atmosphere, fano-
sphere, andsor magnetosphere of the earth, or can be
artificielly generatsd by a variety of means such as x-ray
bzams, cherped particle beams, lagers, the plasma sheath
anrrounding an object such as 2 missile or meteor, and
the like, Further, artificizl particles, e.p., electrons, ions,
gic, can be injected dirsctly into region B from an
earth-launched rocked or orbiting satellite carrying, for
example, 8 payload of radioective beta-decay material;
alpha emitters; an electron ascelerator; andfor ionized
gases such &3 hydrogen; see US. Pat. No. 4,042,196,
The zltituds can be greater than aboat 50 km if desired,
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.., con be from about 50 km to about 800 ke, and,
apcordingly may lie in cither the ionosphere or the
magnetesphere or both, As explained abowve, plasma
will be present along fine 11 within region R and is
represented by the helical line 12, Plasma 12 is come-
prised of charged particles (ic., clectrons and ions)
which redale about opposing helien] puths along line 11

Antenna 15 is positioned 25 closs 25 35 practical 1o the
lozation 14 where Jine 11 intersects the earth's surface.
Anfennz 15 may be of any known construction for high
dirsctiomality, for example, o phased array, beam spread
angle () tvpe. See "The MST Radar at Poker Flat,
Alaska”, Radio Science, Vol. 15, No. 2, Mar.-Apr. 1980,
pps. 2E3-223, which i incorporated hersin by refer-
ence, Anienna 15 s coupled to transmitter 16 which
pencrates n beam of high frequency elestromagnetic
radiation at a wide range of discrete frequencies, &5,
frem about 20 to about 1300 kilohersz (kHz).

Transmitter 16 is powered by power generalor means
17 which is preferably comprissd of one or more large,
commercial electrical generators, Some embodiments
of the present invention require large amounts of
POWEL, &, Up to 10710 104 watts, in continuous wave
or pulsed power. Generation of the nesded power is
withins the state of the art. Although the electrical gen-
erators necessary for the practice of the inveation can
be powered in any known manner, for example, by
nuclear resetors, hydrosleatric facilities, hydrocarbon
fusls, and the liks, this invention, because of its very
large powsr Tequirement n certain applications, is par-
ticularly ndapted for wse with certain types of fuel
sources which maturalty ocewr at strategic geographical
lpcatione around the exrth. For example, latge reserves
of hydrocarboas {oil and natural gas) exist in Alaska and
Copada. In northern Alaska, pardcularly the Norih
Slope region, large reserves are cusrently readily avail-
able. Alaska and northern Canadn also are ideally bo-
cated geographically as to magnetic latitudes. Alaska
provides easy access io magnetic field lines that are
cspecizlly suited to the practice of this invention, since
many fizld linss which extend to desirable altbmdes for
this invention intersect the sarth in Alasks, Thus, in
Alaska, there is a upique combination of large, accetsi-
ble fuel sowrces at desirable ficld line intersections. Fur-
ther, & particularly desirable fuel source for the genera-
tiom of very large amounts of elestricity is present in
Alasks in abundance, this source being nateral gas. The
pres=nce of very large amounts of clean-burming natural
g2t in Alaskan lativades, particularly on the Morth
Slope, and the avallability of magnetohydrodynamic
{MHD), pgas turbine, fuel cell, electrogasdynamic
(BGD) electric generators which operate very effi-
caently with natural gas provide an idea] pooarer source
for the unprecedented power requirements of certain of
the applications of this invention, For & more detziled
discussion of the variows means for generating electric:
ity from hydrocarbon foels, see "Electrical Aspects of
Cambustion”, Lawion and Weinberg, Clarendon Press,
148%. For example, it is possible to generate the elestric-
ity directly at the high frequency needed to drive the
antenna syitem. To do this, typically the welocity of
flow of the combustion gases (v), past magnetic field
perturbation of dimengion d (in the case of MHD), fol-
low the rule:

il

where fis the freguency a1 which elecirieity s pener-
ated, Thus, if ve= 1782108 cmssec and d=1 cm then

5

10

iz}

k]

k]

=
G

electricity would be generated at a frequency of 1.78
mHz

Put another way, in Alaska the right typs of fuel
(natiral gas) is natorally preszant in lnrge amoonts 2nd at
Just the right mognetic Tatitudes for the mest efficiem
practice of this inveation, a truly unique combination of
circumstances, Dresirable magnetic luitudes for the
pragtice of this inventicn interest the eanh’s surface
bath northerly and southerly of the sguator, parlicue-
larly desirable latitdes being those, bath northerly and
sputherly, which correspond in magnitude with the
magnetic latiiades that encompass Alaska.

Referring now to FIG. 2 2 first ambodiment is illus-
trated where a selected region Roof plasma 12 i5 altered
by electron cyclotron resonancs heating to accelesate
the alectrons of plasma 12, which are following heliczl
paths along field line 11.

To accomplish this resalt, electromagnetic radiation
is eransmitiexd ot the outset, essentially parallel to line 11
viz antenna 15 &8s right hand circularly polarized radia-
ton wave 20, Wave 20 hes o frequency which will
exgite slectiron cyclotron resonance with plesma 12 at
its. imittal or original aliiede. This frequency will vary
depending on the electron cyelotron resonance of re-
gion Rawhich, in turn, can be determined from available
iata based on the altitodes of region Ry, the particular
field line 11 being used, the strength of the earth's mag-
netic field, ete. Frequencies of frem about 30 1o sbout
7210 kHe, preferably from about 20 to about 1800 kHz
can be employed. Also, for any given applization, there
will be & threshlold (minimum power bevel) which is
nesded to produce the desired result. The minimum
power bevel is a function of the level of plasma produc-
tion aad movement required, taking into corstderation
any loss processes that may be dominant in a particular
Plasma o7 propagation path. )

As elesiron cyelotron resonance is established in
plasma 12, enczgy is transferred from the sleatzomap-
netic redintion 30 inta plasma 12 to heat and aceslerate
the electrons theesin and, subssguently, ions and neatral
particles. As this process contimess, neutral particles
which are present within Ryare tonized and absorbed
im0 plasma 12 and this increases the electron and jon
densities of plasma 12, As the elsctron energy is raised
1o values of abowt 1 kilo electron volt (kev), the geners
ated mirror foree (explained below) will direct the cx-
cited plasma 12 vpward slong line 11 1o form a plume
Rzat an altitude higher than that af By

Plasma scceleration results from the forcs on an elec-
tran produced by 2 noneniform statle mapgnetic field
(B). The force, called the mirror foree, is given by

Fm=—uVE o]

wehere p is the slectron magnetic mement and 7 B is the
gradient of the magnetic field, 1+ being further defined

s
[ T

where W jis the kinetic energy in the direction perpen-
dicalar to that of the magnetic ficdd lines and B is the
magnetic feld sirength a1 the line of foree on which the
puiding center of the perticle is located. The force as
represented by equation (2] is the force which is respon-
sible for a particle obeying eaquation (1),
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Since the magnetic field is divergent in regiom By, bt
can be shown that the plasma will move cpwardly from
the heating region as ehown in FIG, 1and further it can
be shown that

AP Mo BV T A [ 2T (1]

whese the left hand side is the initial elzctron transverss
kinetic energy; the first term on the right is the trans-
werse eleciron kinetic enecpy af some polnt (Y7 in the
expanded field region, whils the final term is the ion
kinetic energy parallel 1o B at pednt (). This last term
is what constitutes the desized bon flow. 1t is produced
by an elecirostatic feld s21 ap by eleetrans which are
nceelerated according 1o Equation {2) in the divergent
fizld region and pulls ioms along with them. Equation
{3 ignores electron kinstic epergy paratle] 1o B becanse
V|| =Vi||» 50 the bulk of parallzl kinetic energy resides
in the ions becanss of their grexter masses. For example,
if an clectromagnetic energy flux of from about 1 to
about 10 waits per square centimeter is applied 10 re-
gion R, whose altitude is 115 km, a plasma having 2
density (W) of 1012 per cubic centimetes will be gener-
ated and moved upward to region B which kas an
altinsde of about 1000 km. The movement of elsctrons
in the plasma is due 1o the mirror force while the jone
ars moved by ambipalar diffuson (which results from
the electrostatic fickd). This effectively “lifes" & layer of
plasma 12 from the ioncsphere and/or magnetosphere
to a higher elevation Rz The total energy required to
crexte 8 plesma with 8 bese area of 3 square kilometers
and a keight of 1000 km is about 3 x 10 joules,

FIG. 3 Is an idealtred representation of movement of
plasma 12 upon axcitation by eleciron cyelotron reso-
nance within the earth's divergent force field. Electrons

{2) are accelerated to velocities required to generate the

TECCSFATY WECTOr forge [0 canse their wpward move-
ment. At the same fime newtral particles {n) which are
present along line 11 in segion Fjare ionized and be-
come part of plasma 12, As electrons (&) move upward
along line 11, they drag ions (i) 2nd newtrals (p) with
them bat &t an angle @ of about 13 degrees 1o field line
11. Also, any particulates that mey be present in region
Ry, will be swept upwardly with the plasma. As the
charged particles of plesma 12 move wpward, ofher
particles such as peutrals within or below Rj, move in
to replace the upwardly moving particles. These new-
trals, under some conditioms, can drag with them
charged particles.

Far example, 25 a plasms moves upward, other parti-
cles at the same altinede as the plasma move honzon-
tally into the region to replace the rising plasma and to
form new plasma. The kinctic energy developed by said
other particlea as they move horizomtally is, for exam-
ple, on the same order of magnimde as the ol zonal
kinetie energy of stratospheric winds known [o exist.

Referring again to FIG. 2, plasma 12 in region B b
moved upward along field line 11 The plasma 12 will
then form a plume (cross-hatched area in FIG. 2) which
will be relatively stable for prolonged periods of time.
The exact period of time will vary widely and be deter-
minsd by pravitational forces end a combination of
radiative and diffusive Joss terms, In the previous de-
iled example, the calculations were based on forming
a plume By producing O<energles of 2 ew/pardele.
Aboul 10 ev per particle would be reguired to expand
plasma 12 to apex point C (FIG. 1), There at Jeast some
af the particles of plasma 12 will be trapped and will
oscillate berwesn mircar points along febd line 11 This
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oscillation will ther allow addifional hesting of the
trapped plasma 12 by stochastic heating which is associ-
ated with trapped and oscillating particlzs. Ses “A New
Mechanism for Accelerating Electrons in the Ouwler
lanosphere” by R. A, Helliwell and T. F. Bal], Journal
of Geophysical Research, Vol 65, No. 6, June, 1980,
This is preferably carried out e an altitode of at least
500 km.

The plasma of the typical exsmple might be em-
ployed to medify or disrupt microwave transmissicns of
satellives. 17 bess than total blask-ow of transmission B
desired (eg., sczambling by phase shifting digital sig-
nals), the density of the plasma (Ne) need only be at least
about 108 per cubic centimeter for 2 plasma orginating
at an aMitode of from about 230 1o sbout 400 km and
sccordingly lese energy (e, electromagnetic radia-
tion), ez, 108 joules nesd be provided. Likewiss, if the
density M,is on the order of 108, & properly positioned
plume will provide a reflecting surface for VHF waves
and can be used to enhance, interfers with, or otherwise
madify communication transmissions. It cam be se=n
from the foregeing that by appzopriate application af
various aspects of this invention at strategic locations
and with sdequate power syaress, & means and method
i provided to caute imterference with or even total
disruption of communications aver a very larpe portion
of the earth. This invention could be employed o dis-
ropt not only land based communicaiions, both civilian
and military, but alsa airborne communications and sea
communications (both surface and swbsurface)l. This
would have significant military mmplications, pasticu-
farly a5 & barrier to or confusing factor for hostile mis-
siles or sirplanes. The belt or belis of enhanced ionize-
tion produced by the method and apparatus of this
invention, particulariy if set up over Morthern Alaska
and Canads, eould be employed as an early warning
deviee, as well as 8 communigations disraption medim.
Further, the simpde ability o produce such a situation in
2 practical time period can by itsall be a deterrng force
to hostile action. The ideal combination of suitable feld
lines intersecting the earth’s susfase at the point where
substantial fuel sources are available for genesatien of
wery larpe quamitities of elsctromagnetic power, such
ag the Morth Skops of Alaska, peovides the wherewithal
to accomplish the foregoing in a prastical time period,
&g, Strategic requirements could necessitate achieving
the desired altered repgicas in time periods of two min-
wies or less and this is achisvable with thiz invention,
especizlly when the combination of natural ges and
magnetohydrodynamis, gas turbine, fusl cell andfor
EGD electsic generators are employed at the podnt
where the useful fizld lines intersect che earth's surfaze.
One fearure of this invention which satisfies & basic
reguirement of 2 weapon system, L., continucus check-
img of operability, is that small amounts of power can be
generated for aperability checking parposes. Further, In
the exploitation of this invention, sincs the main electro.
magoetic beam which generates the enhanced ionized
belt of this invention can be modulated fzell and/or one
ar more additional electromagnetic radiation waves can
b impinged on the ionized region formed by this inven-
tion &g will be desaribed in greater detsl] hesein after
with respect o FIG. 4, o substontia] amount of ran-
domly modulated sigoals of very large power magni-
mde can be generated in & highly nonlinear maode, This
can cause sonfusion of or imerference with or even
camplete disruption of guidspce systems employved by
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ever the most sophisticated of xirplanes and missiles.
The ahility 1o employ and iransmit over very wide areas

of the sarth a plurality of clectromagnstic waves of,

varying freguenciss and 1o change same at will in 2
random manner, provides @ unigee ability o interfere
with 2ll modes of communications, land, sea, and.or air,
2t the same time, Because of the unique justaposition of
usable fuel source at the point where desizable feld lines
intersect the carth’s surface, such wide ranging and
complete communication interference can be achieved
in a resonably short period of time. Because of the mir-
roring phencsnenan discussed hereinsbove, it can abso
be prolongsd for substantial time periods so thar it
watld not be a mere sransient effect that cocld simply
be waited oul by an opposing force, Thus, this invention
pravides the ability to put unprecedsnted amounts of
power in the earth's atmosphere at strategic Jocaticns
and 1o maintain the powes injeetion level, particatarly if
rardam pulsing is employed, in a manner far more pre-
cis= and better contrelled than heretofore accomplished
by the prior ars, particularly by the detanation of nu-
clear deviees of various veilds ar various altitudes.
Where the prior art approaches yiclded mensly transi-
w1y effects, the onique combination of fusl and desr.
able field lines at the point whese the fuel oscurs allows
the establishment of, compared o prior art approsches,
precisely controlled and long-Jnsting effects which can-
nat, practically spesking, simply be waited out Further,
by knowing the freguencies of the variows electremag-
netic beams employed ir the practice of this inventior,
it is possible not only to interfere with third party com-
munications but o take advantage of ene or more such
brams to carry oul a communpications network even
thongh the rest of the woreld's eommunications are dis-
rupted. Put anacher way, what is wsed to disrupt anoth-
er's communications can be employed by ors knowl-
edgeable of this inventionasa communications netwaork
at the same time. In addition, once one's OWn COMMLNI-
cation network is established, the far-reaching extent of
the effects of this invention could be emploved 1o plek
wp commurication signals of odher for intelligence pur-
poses. Thus, it can be seen that the disrupting effects
achievable by this invention can be employed 1o benefll
by the party who i3 precticing this invention snce
knowledgs of the various electromagnetic waves bemg
employed and how they will vary in frequency and
magnitude can be wsed 10 sn adventage for postive
commurication and cavesdropping puspotes an the
same time. However, this invention i oot limited to
locations where the fuel source naturally extsts or
wihere desirable field lines naturally intersect the eantb’s
surface. For example, fuel, particularly hydrocarbon
fuel, can be transported by pipeline and the like to the
Iocation where the invention is 1o be practiced,

FIG. 4 illustrates another embediment wherein a
selected region of plesma Rywhich lies within the
ezrth's ionosphere is altered fo mcrzase the density
thereal whereby a relatively stable Iayer 30 of relatively
dense plasma is maintsined within region Ra. Electro-
magneiic radintion is iransmitted al the oulser essen-
tially paratle] to fisgld line 11 win patenne 15 a5 a right
hand eireulasly polarized wave and ot a frequency (2.5,
1.78 megahertz when the magaenie fisld ar the desired
altitade is 046 gauss) capable of exciting electron cyclo-
tron resonance in plasma 12 at the particular altitade of
plesma 12, This causes heating of the particles (lec-
troms, bons, neotrals, and particulates) and ionization of
the oncharged particles adjacent line 11, all of which
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12
are zbsorbed into plasma 12 to increass Lhe density
thereaf. The power transmitted, e.g., 23 10% waus for
up to 2 minutes heating Lo, is less than that required Lo
generate the mirros forge F required 1o move plasma 12
upward as in the previous embodiment.

While continuing to transmit electromugnetic radia-
tion 20 from antenns 18, a pecond electromagnetic radi-
ation beam 31, which is &1 a defined frequency different
from the radiztion from antenna 15, is transmitled fram
one or more seeond sources via anlenna 33 into Jayer 30
and is absorbed into a portion of layer 30 {eross-haiched
arzn in F1G. 4). The eleciromagnetic rediation wave
from antennz 32 is amplitede modulsted to maich 2
known mode of cscillation fy in layer 30, This creates 3
resonance in layer 30 which excites a new plasma wave
33 which alse has 2 frequency of fz and which then
propogates through the jonosphere. Wave 23 can be
used to improve of disrupt communlcations or both
depending on what & desired in 2 particular applicstion,
OF courss, mare than one pew wave 33 can be ganer
pred and the various new waves can be modulated at
will and in 2 highly nonlinear fackion.

FIG. § shows apparntus useful in this invention, par-
ticutarly when those applications of this invention ase
employed which require extremely large amounts of
power. In FIG. 5 there is shown the earth's surface 40
with o well 41 extending dowswardly thereinto until it
penetrates hydrocarhon producing reservoir 42, Hydre-
carbon reservoir 42 produces natural gas alone or in
combination with crude oil. Hydrocarbons are pro-
duced from resscvoir 42 through well 41 and wellhead
43 to a treating sysiem 44 by way of pipe 45, In treater
44, desicable liguids such a5 crude ol and gas conden-
sates are separated and recovered by way of pipe 45
while undesirable gases and liquids such as water, HzS,
and the like are separated by way of pipe 47, Decirabls
gases such as carbon dioxide are separated by way of
pipe 48, and the remaining potoral gos stream 8 re-
moved from treater 42 by way of pipe 4% for storage i
conventional ankage means {nat shown) for future use
andsar use in an electrical gensratar such &s a magneta-
hydrodynamie, gas tarbine, fuel cell or EGD generator
B0, Any desired pumber =pd combiration of different
types of electric generators can be employed in the
practics of this invention, The natural gas is buened In
generator 50 o produce substantial quamities of elec-
wricity which is then stored anddor passed by way of
wire 51 to & iransmitier 52 which generates the electro-
magnetic radiation to be wsed in the methed of this
invention. The electromagnstic radiation i then passad
by way of wize 53 o antenna 54 which is located ator
near the end of field line 11. Antenna 54 sends ciroularly
polarized radiation wave 20 opwards 2long field line 11
to corry out the various methods of this invention as
described hereinabowve.

OF course, the fuel source nesd not be used in is
nataeally-ocourring state but could first be converted w
another second energy source form such as hydrogen,
hydrazine and the like, and electricity then generated
from said scoond energy source form

It can b seen from the foregoing that when desirable
field line 11 imtersects earth's surface 40 ot or near a
large naturally-cecurring hydrocarbon source 41, ex-
ceedingly large amownts of power can be very effi-
ciently produced and transmitted in the directicn of
field lines. This ks partieulzrly so when the fuel soutee is
natural gas and magnetohydrodynemic generators ane
emploved. Further, this can all be accomplished in a
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relotively small physicel area when there is the unigue
coincidence of fuel source 42 and desirable field line 11
Of covrse, enly one s=t of sgwipment i shown in FIG.
5 for s2ke of simplicity. For & large hydrocarbon reser-
woir 42, & plurality of wells 41 can be employed to feed
oM OF BROCE SIOrage Mmeans and/or reaters and as laroe
& number of generators 55 a8 needed 1o powser one or
more transmitters 52 and one or more antennas 54,
Since all of the appasates 44 through 54 can be em-
ployed and ussd essentially at the sight where natorally-
oeewrring fuel source 42 1% located, all the v

5

14
regions of the atmosphere moving up along divergmg
field lines. Small micron sized particles can be then
transported, and, under certain circumstancss and with
the availability of sufficient energy, larper partcies or
objects could be similarly affecied. Particles with des
sired charscteristics such as wekiness, reflectivity, ab-
serplivity, ete., can be transporied for specific purposes
or effecis. For example. a plume of tacky particies coald
be established 10 increase the drag on a missile or satel-
lite passmg thersthrough. Even plumes of piasma hav-
ing izlly lesz charged particle density than-de-

slectraomagnatic radiation 20 & gensrated sssentially a1
the same location as fusl source 42, This provides for s
maximum amount of ussble electromagnetic radiation
20 since there are no sgnificant Wosage or Lransporta-
ticn Josses to be incurred. In other words, the apparatus
is brought 1o the sight of the fuel source where desirable
fizld fine 11 intersects the earth's surface # on or near
the geographical location of foel source 42, foel sourcs
42 being at a desirable magnertic taritode for the practice
of this invention, for example, Alaska.

The generation of sizcincity by metion of a cenduct-
ing fluid throogh a magnetic field, ie, magnetohydro-
dynamies {MHD), provides a method of electric power
feneration withowt moving mechanieal parts and when
the conducting fluid 5 o plasma formed by combustion
of & fuel such as nataral gas, an idealized combination of
apparatys §s realized since the very clesn-burning natu.
al gas forms the conducting plasma in an efficient man-
meer and the thus formed plasma, when passed through a
magnetic field, generates electricity in a very efficient
manaes. Thus, the use of fusl souree 42 to generate a
plasma by combustion thersof for the gensration of
elsctricity essentially at the site of oeeurrence of the
fuel source is unigue and ideal when high power levels
are required and desirable fleld Jines 11 dntersect the
earih's surface 40 at or near the site of fued source 42, A
particular advantags for MHD generators is thar they
can be made to generate large amounts of power with a
small wolume, light welght device. For example, a 1000
megawatt MHD genesator can be construed wsing su-
percondusting magnets to weigh roughly 42,000
pounds and can be readily air Jified,

This inwention hes a phenomenal variery of positle
ramifications and potentia] future developments, As
alluded to esrlier, missile ar aircraft destruction, defisce
tion, or confusion ¢owld resalt, particularty when rela-
tivistic particies are employed. Also, large regions af
the atmosphere could be lifted o an unexpectedly high
altitude =0 that missiles encounter unexpected and up-
planned drag forces with resultant destruction or de-
fiection of same. Wesather modification is possibls by,
for exampls, aliering vwpper atmosphere wind patterns
or altering solar absorption patlerns by constructing
one or more plomes of atmospherle particles which will
act 88 & lens or focusing device. Also as alloded 1o ear-
lier, melesular madifications of the atmosphere can take
place 3o that positive environmental effects con be
achieved, Besides actually changing the molezalar com-
position of an atmospheric repion, & particalar molecule
or molecnles can be chosen for increased presence. For
example, azone, nitrogen, ele. concenirations in the
atmasphere could be artificially increased. Similarly,
envircnmental enhancement could be achizved by caus-
ing the breakup of varions chemical entitles such as
carbon dioxide, carbon ide, nitrous oxides, and
the like. Transportation of entities can 2lso be realized
when advantage is taken of the drag effests cavsad by
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seribed above will produce drag effects on missiles
which will affect a Lightweight (dummy) missile in 2
manner substantially different than a heavy {five) mis-
sile and this affect can be used 1o distinguish between
the two types of missilee. A moving plume could also
serve aF 8 means for supplying & space swation or for
focusing vast smount of sunlight on selected portions of
the earth, Surveys of global scope could alse be realtzed
because the earth's natural magnetie feld could be sig-
nificantly altered in a cantrolled manmer by plasma beta
effects resulting in, for example, improved magnetotel-
Turic surveys. Electromapnetic pulse defensss are also
poasible. The earth's magnetie field could be decreassd
or disrupted at appropriate altitudes to modify or climi-
nate the magnetic field in high Compton eleciron gener-
ation (&g, from high alitede nuclesr bursts) regions
High intensity, well controlled electrical fislds can be
provided in selectad locations for variows porposes. For
example, the pleema sheasth surrounding a missle or
satetlite coald be vsed as a trigger for activating such a
high intensity field to destrov the missile or saiellite.
Further, irregularities can be created in the ioncephere
which will interfere with the normal operation of vasi-
ous types of radag, &g, synthetic aperture radar. The
present invenfion can zlso be wed to crests arfificial
b=lis of trapped particles which in torn can be studied to
derermine the suability of such partes. Sill Turther,
plumes in aceordance with the present invention can be
formed to simulaie andsor perform the same functions
as performed by the detonation of a “heave™ fype mu-
clear device without actually having 1o detonate sueh a
device. Thus it ean be s=en that the ramifications are
numerous, farreaching, and excesdingly varied in uss-
fulness,

1 glnim:

1. A meihod for altering at least one region normally
existing above the earth's sucface with sleciromagnetic
radiation wsing naturally-occurring and diverging mags
netic fizld lines of the ezrth comprising transmitting first
sleciromagnetic radistion at 8 frequency between 20
and T200 kHz from the earth’s surface, szid ransmitting
bzing conducred essentially at the oulsel of transmission
substaniially parallel to and slong at lzpst one of said
field lines, adjusting the frequancy of said first radiation
to & value which will excite sleciron eyclotron reso-
nancs #t an initial ebevaiion at least 30 km abowve the
earth's surface, whereby in the region in which said
electron cyolotron resonance takes place hesting, fur-
ther fonization, and movement of both charged and
neutral particles is effected, said eyclotron resonsnce
excitation of sabd region is continued wnil the electron
copeenization of said region reaches & valus of at benst
10% per cuble centimeter and has an jon energy of at
Jease 2 e,

2. The method of claim 1 including the step of provid-
ing artificial particles in said ar least ome region which
are excited by sald electron eyclotron resomance.
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3. The method of claim } wherein said artificial parti-
cles are provided by injecting same into said a1 least one
region from an ecbiting satellits,

4. The method of claim 1 wherein said threshold
exgitation of electron cyclowron resonance s abaut 1
watt per eubie ceatimeter and 3t sufficien 1o cause
mavement of & plasma region along said diverging mag-
netie field lines o an eltitude higher than the altivode at
which said excitation was initiated.

5. The method of claim 4 wherein said rising plasma
region pulls with it a substantial portion of neutral parti-
cles of the atmosphere which exist in o neas szid
plasma region,

. The method of claim 1 whersin there is provided at
least one separate source of second electromagnetic
radiation, eaid second radistion having at least one fre-
quency different from said first sadiation, impinging
said at least one s=cond radiation on ssid region whike
said region is undergoing electron cyclotron resonuncs
excitation caused by said firs: radiation,

7. The method of claim & wherein suid second radiar
tiom has & freguency which is absorbed by said region.

8. The method of claim & wherein said region is
plasma in the jonpsphere and said second radistion ex-
cites plasma woves within sxid lonosphere.

B, The methed of claim 8 wherein said electron con-
centrntion reaches o valoe of at least 1012 per cubic
centimetar.
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10, The methed of claim 8 wherein said excitation of
eleciron eyclotron resonance & inbislly carried out
witlin the ionosphere and is continued for a time suffi-
ciznt 1o allaw said region o rise sbove snid ionasphere.

11. The method of claim 1 wherein said excitation of
eleciron evelotron resemance is carsied out above about
500 kilometers and for a time of from 0.1 to 1200 sec-
unds such that multiple heating of said plasma region is
achizved by mezans of stachastic keating in the magnato-
sphere,

12 The methed of claim 1 wherein said fiss ebeciro-
magnetic radiztion is right hand circularly palarized in
the northern hemisphere and el hand cirzularly polar-
ized in the southern hemisphere.

13, The method of claim 1 wherein said electromag-
netic radintion is generated at the site of 8 naturally-
occurring hydrocarbon fuel source, said fuel source
being locared in at least one of nostherly or southerly
magnelic latimdes.

14, The method of claim 13 wherein said fusl source
is nature] gas and electriclty for generating soid electro-
magnetic radintion is obtained by buring said natural
& in a1 least one of magnetohydrodynamic, gas tur-
‘pine, fuel cell, and EGD slectric generatass located at
the site where said natural ges netusally ocewrs in the
earth.

15. The method of elzim 14 wherein said site of natu-
ral gas is within the magnetie latitudes that encompass
Alaska.

" % & & =

page 26

1%



APPENDIX 12

00



uss and Russia supposedly develop secret meteorological weapans - Pravda.Ru
19
I
PRADDA®

eAling wnce Sanaesy 3T PR

USA and Russia supposedly develop secret meteorological weapons

30.00.2005 © Source: 0 URL: http://fenglish.pravda.rufscienceltech/8992-hurricanes-0

American meteorologist Scott Stevens has recently brought accusations against Russia

Mr. Stevens claims that Russian military specialists were behind the fury of Hurricane Katrina that
devastated Mew Orleans. According to him, Russia has built secret equipment for causing a
detrimental impact on the weather way back in the Soviet era.

U.S. media quickly spread the news around. Both Russia
and the U.S. were long rumored to have been involved in
the development of metecrological weapon. But those
rumaors seemed too wild to searching a grain of truth hidden
underneath. In the meantime, some Russian politicians say
the experiments have been conducted and still conducted
on either side of the ocean. Following death and destruction
caused by Katrina, The Americans promptly unearthed the
controversial interview by Viadimir Zhirinovsky in which he
threatened to unleash floods all over the United States when
“gur scientists slightly change the earth's gravitational field.”
Nobody got scared watching the drunken boss of the Liberal
Democratic Party promise doom's day for the United States. But once Katrina struck and the southern
part of the U.S. got drowned, the improbable rumors about Russia's meteorological weapon came to
light again.

American meteorologists are not the only ones who blame the neighbors for using the “hurricane
gun.” Unconfirmed and patchy reports on questionable experiments with weather conducted by the
U.S. and Soviet Union stired up a number of political scandals in many countries of the world.
Following a large-scale flooding in Europe in 2002, some European politicians put the blame on the
“U.S. military” for disrupting EU economy. In 2002, Committee for Defense of the Russian Duma
raised the issue about a detrimental impact on climate caused by experiments involving disturbance
of the earth's ionosphere and magnetosphere. The deputies focused their attention on HAARP system
that is still under construction in Alaska.

There is a special facility located at a military installation some 400 km north of Anchorage. A huge
area of tundra features thousands of 25-m antennas pointing to the sky. The facility is called High
Frequency Active Auroral Research Program (HAARP). U.S. Marines patrol the vicinity of the base.
No commercial or military aircraft are allowed to fly over the base. Air-defense systems Patriot were
installed around the base following the 8/11 terrorist attacks.

U.S. Mavy and U.S. Air Force combined efforts building the facility. Open information sources indicate
that the facility is used for causing active influence on the earth's ionosphere and magnetosphere,
The results could be fantastic, according to scientific journals. Scientific journals claim that HAARP is
capable of causing artificial aurora borealis, it can also jam radar stations of early ballistic missile
detection systems, communicate with submarines in the ocean and even detect secret underground
complexes of the enemy. Radio-frequency emission is capable of piercing through the ground and
examine hideaways and tunnels, it can burn out electronics and destroy space satellites. The
equipment can also impact the atmosphere and thus cause changes in weather. HAARP is allegedly
used for causing natural disasters similar to Huricanes Katrina and Rita.

Three years ago the Duma deputies held a heated discussion of issues related to HAARP, They even
drew up an appeal to the President Putin and the UN. They demanded to set up an international
commission for the investigation of the experiments conducted in Alaska.

Speaking to Nezavisimaya Gazeta, specialist for active influence on the atmosphere of the Federal

Service of Hydrometeorology and Environmental Monitoring Valery Stasenko said HAARP is a "very
serious issue.” “It is not for nothing that the term 'space weather' has become quite popular lately.
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The term stands for interrelation between the solar aclivity, magnetosphere and ionosphere /
perturbations and developments in the atmosphere. Perturbations in the magnetosphere and
ionosphere can really impact climate. Using powerful equipment for deliberately bringing about
perturbations, one can impact weather too, even on a global scale. | believe the deputies were right in
finally raising the issue regarding the experiments in the U.S.." said Mr. Stasenko.

Russian politicians are head over heels debating plans of U.S. imperialists and their bloodthirsty
military, man-made disasters and floods. They are probably totally unaware that Russia has long build
it own facility similar to HAARP. The facility Sura is as powerful as HAARP, It is located in Russia's
central area, in a remote and desolate place some 150 km from the city of Nizhny Movgorod. One of
the leading scientific research institutions of the USSR, Research Institute of Radiophysical Studies,
owns the facility.

“There are only three facilities like this in the world, one is in Alaska, the very HAARP, one in Norway,
and one in Russia,” said Mikolai Snegirev, director of the above institute. The facility was
commissioned in 1981, “Using this unique facility, researchers achieved extremely interesting results
regarding the icnosphere behavior. They discovered the effect of generation of low-frequency
emission at the modulation of ionosphere current. At the beginning, Soviet Defense Department
mostly footed the bill for similar research projects. Alas, no research like that has been conducted at
the facility since the collapse of the Sowiet Union. These days we are involved in the international
projects for research of the ionosphere,” said Mr. Snegirev.

Sura looks quite seasoned and a little bit rusty. Against all odds, it still works. There are straight lines
of 20-m antennas standing in an area of @ hectares. A giant emitter the size of a country hut sits in the
center of the field, the emitter is used for studying acoustic developments in the atmosphere.

Researchers at the Sura can not yet conjure hurricanes similar to Katrina and Rita. At least they say
they can not. However, they conduct research (on a smaller scale than in the U.S.) of interrelation
between the natural disasters and perturbations in the innosphere and magnetosphere.

“It is possible to impact weather. However, neither Russians nor Americans are capable at the
moment of creating something like Hurricanes Katrina or Rita. The capacity of the facilities is too low.
The Americans are going to switch HAARP into its design capacity. Still, it will not be enough for
effectively causing natural disasters,” said Yuri Tokarev, head of department of solar and terrestrial
relations of the Research Institute of Radiophysical Studies.

Technologies of the secret research institutes that used foo be classified and inaccessible become
available to non-military researchers. One of the devices was recently tested thanks to support of the
Russian Academy of Natural Sciences.

“We produced lots of interesting results during the first test of the ionic generator,” said Academician
Mikhail Shahramanyan, “A stream of oxygen ions was going up and could either result in a local
rupture of the clouds or bring out overcast sky, depending on a work mode of the device. We
managed to form cumulonimbus overcast sky over Erevan in April 2004. We used two GIONK type
devices when the sky was clear. According to protocols verified by independent observers, between
April 15 to April 16 in Erevan precipitation totaled to 26mm-27mm,” said Academician Shahramanyan.

@ 1889-2009. «PRAVDA Rux». When reproducing our materials in whole or in par,
hyperlink to PRAVDA.Ru should be made. The opinions and views of the authors do not
always coincide with the point of view of PRAVDA.Ru's editors.
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Disclaimer

2025 is a study designed to comply with a directive from the chief of stafl of the Air Force 1o examine the
concepls, capabilities, and technologies the United States will require to remain the dominant air and space
force in the future. Presented on 17 June 1996, this report was preduced in the Department of Defense school
environment of academic freedom and in the interest of advancing concepts related to national defense. The
views expressed in this report are those of the authors and do not reflect the official policy or position of the
United States Air Force, Department of Defense, or the United States government.

This report contains fictional representations of future situations/scenarios. Any similarities to real people or
events, other than those specifically cited, are unintentional and are for purposes of illustration only.

This publication has been reviewed by security and policy review authorities, is unclassified, and is cleared
for public release.
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Table 1

Operational Capabilities Matrix

DEGRADE ENEMY FORCES ENHANCE FRIENDLY FORCES

Precipitation Enhancement Precipitation Avoidance

- Flood Lines of Communication - Maintain/Improve LOC

- Reduce PGM/Recee Effectiveness - Maintain Visibility

- Decrease Comfort Level/Morale - Maintain Comfort Level/Morale
Storm Enhancement Storm Modification

- Deny Operations - Choose Battlespace Environment
Precipitation Denial Space Weather

- Deny Fresh Water - Improve Communication Reliability
- Induce Drought - Intercept Enemy Transmissions

- Revitalize 5 Assets
Space Weather L

- Disrupt Communications/Radar

- Disable/Destroy Space Assels Fog and Cloud Generation

- Increase Concealment

Fog and Cloud Removal Fog and Clond Remaoval

- Deny Concealment - Maintain Airfield Operations

- Increase Vulnerahility to PGM/Recce - Enhance PGM Effectiveness
Detect Hostile Weather Activities Defend against Enemy Capabilities

Current technologies that will mature over the next 30 years will offer anyone who has the necessary
resources the ability o modify weather patterns and their corresponding effects, at least on the local scale.
Current demographic, economic, and environmental wends will create global stresses that provide the
impetus necessary for many countries or groups to turn this weather-modification ability into & capability.

In the United Siates, weather-modification will likely become a part of national security policy with
both domestic and international applications. Ow government will pursue such a policy, depending on its
interests, at various levels. These levels could include unilateral actions, participation in a security
framework such as NATO, membership in an international organization such as the UN, or participation in a
coalition. Assuming that in 2025 our national security sirategy includes weather-medification, its use in our
mational military strategy will naturally follow. Besides the significant benefits an operational capability
would provide, another motivation to pursue weather-modification is to deter and counter potential

adversaries.
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Figure 5-1. A Core Competency Road Map to Weather Modification in 2025.

Even today's most technologically advanced militaries would wsually prefer to fight in clear weather
and blue skies. But as war-fighting teclmologies praliferate, the side with the technological advantage will
prefer to fight in weather that gives them anedge. The US Army has already alluded to this approach in their
concepl of “owning the weamcr.”] Accordingly, storm modification will become more valuable over time.
The importance of precipitation modification is also likely to increase as usable water sources become more
scarce in volatile parts of the world.

As more countries pursue, develop, and exploit increasing types and degrees of weather-modification
technologies, we must be able to detect their efforts and counter their activities when necessary. As
depicted, the technologies and capabilities associated with such a coumter weather role will become

increasingly important.
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ADV Aerospace Delivery Vehicles DE Directed Energy
ATM vtificial lonospheric Mirrors GWN Global Weather Network
CHEM Chemicals sC Smart Clouds (nanotechnology)
CBD Carbon Black Dust SENSORS Sensors
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COMP MOD Computer Modeling WEFSE Weather Force Support Element

# Technologies to be developed by DOD
Figure 5-2. A Systems Development Road Map to Weather Modification in 2025,

Conclusions

The world's finite resources and continued needs will drive the desire to protect people and property
and more efficiently use our crop lands, forests, and range lands. The ability 10 modify the weather may be
desirable both for economic and defense reasons. The global weather system has been described as a series
of spheres or bubbles. Pushing down on one causes another 10 pop up.2 We need 10 know when another
power “pushes™ on a sphere in their region, and how that will affect either our own territory or areas of

economic and political interest 1o the US.
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United States Patent 19
Chang et al,

AL

5,003,186
Mar. 26, 1991

(11] Patent Number:
451 Date of Patent:

[54] STRATOSPHERIC WELSBACH SEEDING
FOR REDUCTION OF GLOBAL WARMING

[75] Inventors: David B. Chang, Tustin; I-Fu Shih,

Primary Examiner—Jack L. Berman
Attorney, Agent, or Firm—Michael W, Sales; Wanda
Denson-Low

Los Alamitos, both of Calif. [57] ABSTRACT
[73] Assignee: Hughes Aircraft Company, Los A method is described for reducing armospheric or
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1

STRATOSPHERIC WELSBACH SEEDING FOR
REDUCTION OF GLOBAL WARMING

BACKGROUND OF THE INVENTION

This invention relates to a method for the reduction
of global warming resulting from the greenhouse effect,
and in particular to a method which involves the seed-
ing of the earth’s stratosphere with Welsbach-like mate-
rials.

Glabal warming has baan & great concern of many
environmental scientists. Scientists believe that the
greenhouse cffect is responsible for giobal warming.
Greatly increased amounts of heat-trapping gases have
been generated since the Industrial Revolution. These
gases, such as CO;, CFC, and methane, accumulate in
the atmosphere and allow sunlight to stream in freely
but block heat from escaping (greenhouse effect). These
geses aré relatively transparent to sunshine but absorb
strongly the long-wavelength infrared radiation re-
leased by the earth.

Most current approaches 1o reduce global warming
are to restrict the releass of various greenhouse gases,
such as CO0a, CFC, and methane, These imply the need
to establish new regulations and the need 10 monitor
various gases and to enforce the regulations.

One proposed solution to the problem of global
warming involves the seeding of the atmosphere with
metallic particles. One technique proposed to seed the
metallic particles was to add the tiny particles to the
fuel of jet airliners, so that the particles would be emit-
ted from the jet engine exhaust while the airliner was at
its cruising altitude. While this method would increase
the reflection of visible light incident from space, the
metallic particles would trap the long wavelength
blackbody radiation released from the earth. This could
result in net increase in global warming.

1t is therefore an object of the present invention (o
provide a method for reduction of global warming due
ta the gresnhouse effect which permits heat to escape
through the atmosphere.

SUMMARY OF THE INVENTION

A method is disclosed for reducing atmospheric
warming due to the gresnhouse effest resulting from a
greenhouse gases laver. The method comprises the step
of seeding the greenhouse gas layer with a quantity of
tiny particles of materials characterized by wavelength-
dependent emissivity or reflectivity, in that said materi-
als have high emissivitics in the vistble and far infrared
wavelength regions and low emissivity in the near infra-
red wavelength region. Such materials can include the
class of materiald known a3 Welsbach materials. The
axides of metsl, e.g., aluminum oxide, are also suitable
for the purpose. The grecnhouse gases layer typically
extends between about seven and thirteen kilomecters
sbove the earth's surface. The seeding of the strato-
sphere occurs within this layer, The particles suspended
in the stratosphere as a result of the seeding provide a
mechanism for converting the blackbody radiation
emitted by the earth at near infrared wavelengths into
radiation in the visible and far infrared wavelength 20
that this heat energy may be reradiated out into space,
thereby reducing the global warming due to the green-
house effect.

5

40

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features and advantages of the pres-
ent invention will become more apparent from the fol-
lowing detailed description of an exemplary embodi-
ment thereof, as illustrated in the accompanying draw-
ings, in which:

FIG. 1 illustrates a mode] jor the heat rapping phe-
nomenon, i.c., the greenhouse effect,

FIG. 2 is a graph illustrating the intensity of sunlight
incident on earth and of the earth’s blackbody radiatzon
as a function of wavelength.

FIG. 3 is a graph illustrating an ideal emissivity ver-
sus wavelength function for the desired particle mare-
rial.

DETAILED DESCRIFTION OF THE
PREFERRED EMBODIMENT

FIG. 1 shows a model for the heat-trapping (green-
house effect) phenomenon. It is assumed that the green-
house gases are concentrated at altitudes between y=0
{at some altitude Y, above the earth’s surface} and
yv=1. Regardiess of the sunshine reflected back inlo
space, i1 2nd iz denote the shortwavelength sunlight
energies that are absorbed by the earth’s surface and the
greenhouse gases, respectively. Available data shows
that i) =0.45 izrand i2=0.25 iz, where iy is the total
flex from the sun. The short wavelength sunlight heats
up the greenhouse gases and the earth surface, and this
energy is eventually reradiated out in the long wave-
length infrared region.

FIG. 2 is a graph illustrating the intensity of sunlight
and the earth’s blackbody radiation as a function of
wavelength. As illustrated, some 30% of the sunlight
energy is in the near infrared region. The earth’s black-
body radiation, on the other hiand, is at the far infrared
wavelength.

Referring again to FIG. 1, 1, 1. 1., I and I, repre-
sent the fluxes in the infrared wavelength region, where
I; and I; are the fluxes recadiated by the greenhouse
gases toward the sky and ground, respectively; L 15 the
flux reradiated by the earth; and 1. and I_ are fluxes
within the gases radiating 1oward the space and ground.
respectively. 1. and 1_ are functions of v, e.g.. [ (0} is
the 1. flux at v=0. Considering the prineiples of en-
ergy conservation amd comtinuity at boundaries. the
following relationships are obtained:

fs=fyd=ia 1
Tpmd L (1H]1= KD {24
I(y=1a DRy &1
T p(0= T o (DhR = T4 = Ryb 44
Te=T_ (0K =R+ K, (54
Tem PRl TeH | = R} Tl 6l
fe=i+ iy (7
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3
where Ro, Ryand R are the reflectivities at the y=0 and
y=1boundaries and at the earth's surface. 1 5p(T,) 15 the
blackbody radiation flux at the earth’s temperature Te.
Within the greenhouse gases' layer, the energy equa-
tions are

(1., Ady)= g Tgl—al s |

—(dl_ fdyy=d g Ty —ad — 9

where 1pg(Ty) is the blackbody radiation flux at the

gases’ temperature Ty, and @ is the absorp-

tion coefficient of the gases. The solutions of equations
& and 9 are given by equations 10 and 11:

I G=(igga)+ CAF )

I_(=(lppfa)+ DetTor Ch

To illustrate the effects of Ry and Ry on the green-

house effect, the extreme case is considered wherein a

high concentration of greenhouse gases has strong ab-

sorption in the infrared region; that is, for y=1, e—a/

approaches 0. Then, using Equations 3 and 4, the refa-
tionships of Equations |2 and |3 are obtained.

Comile—{ippralil— iz} 02

Dm0
From Eguations 5 and 7,
Tem iy _(DK| — Ral+ Tl
or
Le=th /(1= Rol) = are). (4
From Equations 2 and 1,

li=(lgp/aXl— K=+,

(Fmasad=ii =i} {1 — Rj). (15

Combining Equations 14 and [5, the relationship of
Equation 16 is obtained.

T i (1= Ro) i) + i)/ E = By 18
Finally, Equation 6 gives the blackbody radiation
from the earth’s surface in terms of i) and 12 and the

three reflectivities:

Too Ipm T — )+ —0p)R

Lo Th=de+ LR = R)N)

{ag Ta=al = Ral + i+ kAl = RO+{R/1 - R-
T (m

45

]

4

To achicve a lower temperature of the earth, (consid-
ering iy, izand R as constants), it 15 desirable to make R
and Rjas small a5 possible.

Known refractory materials have a thermal emissiv-
ity function which is strongly wavelength dependent.
For example. the materials may have high emissivity
(and absorption) at the far infrared wavelengths, high
emissivity in the visible wavelength range, and very
low emissivity at intermediate wavelengths, If a mate-
rial having those emissivity characteristics and a black
body are exposed to IR energy of equal intensity, the
selective thermal radiator will emit visible radiation
with higher efficisncy (if radiation eocling predomi-
nates), i.e., the selective thermal radiator will appear
brighter than the black bady. This cffect is known as the
Welsbach cffect and is exteasively used in commercial
gas lantern mantles,

Welshach materials have the characteristic of wave-
length-dependent emissivity (or reflectivity). For exam-
ple, thoriven oxide (ThO:) has high emissivities in the
visible and far IR regions but it has low emissivicy in the
near IR region. So, in accordance with the invention,
the layer of greenhouse gases is seeded with Welsbach
or Weisbach-like materials which have high emissivities
{and thus low reflectivities) in the visible and 8-12 mi-
crometer infrared regions, which has the effect of re-
ducing R, and R; while introducing no effect in the
visible range.

A desired material for the stratospheric seeding has a
reflection coefficient close to unity for near IR radia-
tion, and 2 reflection coefficient close to zero (Or emis-
sity close 1o unity) for far [R radiation, FIG. 2 is 2 graph
illustrating an ideal emissivity versus wavelength func-
tion for the desired material. Another class of materials
having the desired property includes the oxides of met-
als. For example, aluminum oxide (AlaO3) is one metal
oxide suitable for the purpose and which is relatively
inexpensive.

It is presently belicved that particle sizes in the ten to
one hundred micron range would be suitable for the
seeding purposes. Larger particles would tend to settle
o the earth more quickly.

The particles in the required size range can be ob-
tained with conventional methods of grinding and
meshing.

It is believed that the number of particles ny per umit

area in the particle layer should be defined by Equation
| &:

ngl S LA Eah: (1%

where | is the thickness of the particle layer and o, 15
the absorption coefficient of the particles at the long [R
wavelengths. One ¢rude estimate of the density of parti-
cles is given by Equation {19):

gl Elemwiiamed) {1}

where ¢ is the speed of light, m is the average particle
mass, & i5 the ¢leciron charge, and w is the absorption
line width in sec—t.

The greenhouse geses are typically in the earth's
stratosphere at an altitude of seven to thirteen kilome-
ters. This suggests that the particle seeding should be
done at an alticude on the order of 10 kilometers. The
particles may be seeded by dispersal from seeding air-
craft; one exemplary technique may be via the jet fuel as
suggested by prior work regarding the mesallic parti-

(074
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cles. Onee the tiny particles have been dispersed into
the atmosphere, the particles may remain in suspension
for up 10 ONE Year.

It is understood that the above-described embodi-
ment is merely illustrative of the possible specific em-
bodiments which may represent principles of the pres-
ent invention. Other arrangements may readily be de-
vised in accordance with these principles by those
ckilled in the art without departing from the scape and
spirit of the invention.

‘What is claimed is:

1. A method of reducing atmospheric warming due to
the greenhouse effect resuliting from a layer of gases in
the atmosphere which absorb strongly near infrarad
wavelsngth radiation, comprising the step of dispersing
tiny particles of a material within the gases’ layer, the
particle material characterized by wavelength-depend-
ent cmissivity or reflectivity, in that said material has
high emissivities with respect to radiation in the visible
and far infrared wavelength spectra, and low emissivity
in the neer infrared wavelength spectrum, whereby said
tiny particles provide a means for converting infrared
heat energy into far infrared radiation which is radiated
into Space,

2. The method of claim wherein said material com-
prises one or more of the oxides of metals.

3. The method of claim 1 wherein said material com-
prises aluminum oxide.

4 The method of claim 1 wherein said material com-
prises thorium oxide.

5. The method of claim 1 wherein said particles are
dispersed by seeding the stratosphere with a quantity of
said particles at altitudes in the range of ssven to thir-
teen kilometers abowve the earth's surfnce.

6. The method of claim 1 wherein the size of said
particles is in the range of ten to one hundred microns.

7. The method of claim wherein said material com-
prisss a refractory material.

8. The method of claim 1 wherein said material is a
Welsbach material.

9, The method of claim 1 wherein the number of said
dispersed particles per unit area in the particle layer is

10

45
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greater than or equal to 1/orasl, where | is the thick-
ness of the particle layer and oape 5 the absorption
coefficient of the particles at the far infrared wave-
lengths.
10. A method for reducing atmospheric warming due
1o the greenhouse effect reselting from a greenhouse
gases layer, comprising the following step:
seeding the gresnhouse gases' layer with a quantity of
tiny particles of a material characterized by wave-
length-dependent emissivity or reflectivity, in that
<aid materials have high emissivities in the visible
and far infrared wavelength spectra and low emis-
sivity in the near infrared wavelengih spectrum,

whereby said particles are suspended within said
gases' layer and provide a means for converting
radiative energy at near infrared waveiengths into
radiation at the far infrared wavelengths, permii-
ting some of the converted radiation o escape o
space.

11. The method of claim 10 wherein said material
comprises one or more of the oxides of metals.

12. The method of claim 10 wherein said material
eomprises aluminum oxide.

13. The method of claim 10 wherein said material is
thorium oxide.

14. The method of claim 10 wherein said seeding is
performed at altitudes in the range of seven to thirteen
kilometers above the carth's surface.

15. The method of claim 10 wherein said material
comprises a refractory material.

16. The method of claim 10 wherein said particle size
is in range of ten to one hundred microns.

17. The method of claim 10 wherein said material is a
Welshach material.

18. The method of claim 10 wherein the number of
said dispersed particles per unit area in the particle layer
is greater than or equal to 1/ g 1. where 1 is the thick-
ness of the particle layer and @aw is the absorption
coefficient of the particles at the far infrared wave-
lengths.
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