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This invention relates to method and means for modi-
fying the existing space charge of the atmosphere over
the earth’s surface or over selected areas thereof. In
particular, this invention is concerned primarily with the
minimization or elimination of severe or catastrophic
electrical disturbances in the atmosphere, more specifical-
ly thunderstorms or tornadoes, and also with the produc-
tion or the intensification of such disturbances.

As is known, the earth has a negative charge amount-
ing to around 400,000 coulombs. The ionosphere, on the
other hand, is positively charged, so that we may consider
that the earth and the jonosphere form the two plates or
electrodes of a gigantic condenser, with the atmosphere
between. The potential gradient between these two plates
or electrodes is some 400,000 volts. While both of these
plates or electrodes are relatively good conductors of
electricity, the atmosphere between is by no means a poor
conductor. It has in fact been calculated that the earth
as a whole is leaking charge toward the icnosphere at the
rate of 1800 amperes, and that if this charge were not
being replenished, the earth would lose around 90% of
its charge within an hour. The atmosphere is in fact
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sufficiently ionized to permit this leakage of the earth’s .

charge.

In 1920, C. T. R. Wilson, the inventor of the cloud
chamber, suggested the mechanism by which the earth’s
charge is constantly replenished. He postulated that the
thunderstorms which are scattered over the earth at any
one time form a sort of battery of cells in parallel, sup-
plying negative charges to the earth from their bottom
regions (as by lighining), and positive charges to the
ionosphere from their tops, which extend upward into
the ionosphere region.
carried out by C. H. Gish ! and C. R. Wait of the Carnegie
Institution have shown that the average current above
each active thunderstorm region is approximately one-
half ampere.  Since this current eventually serves to neu-
tralize the 1860 ampere charge leaking from the earth,
referred to above, there should be something in the order
of 3600 (i.e. 1800 divided by %) active thunderstorm
regions scattered over the earth’s surface at any given
time. Estimates indicate that this is actually so.

While the foregoing statements may not be regarded as
completely proven in all respects, they provide a reason-
able basis of explanation for the existence and main-
tenance of the respective charges of the earth and the
ionosphere.

In order to provide background for a better under-
standing of my invention, I shall first present my hypo-
thesis with respect to the formation of thunderstorm elec-
tricity.  While my calculations and experimental work
indicate that this hypothesis provides a reasonable expla-
nation, I wish it to be clearly undersicod that this inven-
tion is not dependent upon the complete accuracy of this
or any other hypothesis. )

According to this hypothesis, the accumulation of
charge which eventually results in lightning strokes is
brought about primarily by up drafts and down drafts of
air that contains space charge. This space charge con-
sists of ions of low mobility produced by the capture of
fast, small ions by larger particles, such as Aitken nuclei,
or in some cases, cloud drops, ice crystals, hail particles,

i Gish, Q. H., 1951 : Universal Aspects of Atmospherie Elec-
tricity, ~ Compendium of Meteorology, Am, Met. Soec,, 101.
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or rain drops. The normal atmospheric concentration
of space charge is not nearly large enough to account for
the currents known to exist in thunderclouds. Therefore,
a primary object of the hypothesis is to explain how space
charges sufficiently large to give lightning might be pro-
duced.

The measurements of Kihler,2 Brown,? Scrase,t and
Obolensky 5 have shown that the norrmal space charge of
the atmosphere at the earth’s surface is of the order of
from 6 to 1200 elementary positive charges per cc. As
Chalmers points out in his book “Atmospheric Elec-
tricity,” © space charges of this magnitude must normal-
Iy be confined to the lower regions of the atmosphere,
otherwise the normal electric field would be far larger
than the observed value of one or two volts per centi-
meter. However, under conditions of strong convective
activity, such as those which produce thunderstorms, it
frequently happens that large volumes of surface air con-
taining positive space charge rise to form large clouds.
A cloud about 10 km. in diameter and containing about
100 charges per cc. would have a charge of about 10
coulombs, and a field beneath it of about 10 volts per
centimeter. Such a cloud would probably not be capable
of producing lightning, but such a cloud could produce
air masses containing far larger quantities of charge,
which in turn can result in lightning. The processes by
which this can take place are similar to those of a famil-
iar experiment in electrostatics: in the electrophorous it
is possible by the application of mechanical work to use
the small charge residing on a rubber plate to produce
any desired quantity of charge. The mechanical energy
necessary to produce large quantities of charge from the
hypothetical colud is derived from the strong up drafts
and down drafts that result from very unstable atmos-

5 pheric conditions.

The initial cloud can produce large quantities of high-
ly-charged air by two rather similar processes. The first
of these occurs beneath the cloud where the field is now
perhaps 10 volts/cm. instead of the usual 1 volt/cm. This
increased field causes exposed points above the earth such
as trees and buildings to give a corona discharge and
emit into the atmosphere large numbers of high-mobility
ions, of a charge opposite to that of the cloud. These
ions move up toward the cloud but soon become attached
to the large numbers of Aitken nuclei always present in
the atmosphere, or perhaps to falling precipitation. This
capture of the fast ions having mobiliiies of the order of
1 volt/cm./volt/cm. results in the production of a large
space charge of low-mobility ions in the air beneath the
cloud. If the air in the cloud and beneath it were mo-
tionless, this process could produce, at best, a quantity
of space charge somewhat less than that in the original
cloud. The space charge of the ions thus produced would
reduce the gradient at the ground bemeath the cloud so
that corona would no longer take place. The ions would
slowly migrate to the charged cloud and in time neu-
tralize more or less of its charge. However, the atmos-
phere is far from motionless, particularly when the air is
unstable. The velocity of the large ions under the in-
fluence of even powerful electric fields is small and negli-
gible compared to the velocities of wind currents.

In generai, the initial charged cloud will have a ve-
locity relative to the ground, and also there will be 2 wind

2 Kiihler, K., 1927 : Die XKlectrische Raumladung der Atmos-
phiire in Potsdam, Met, Zeit. 44.

3 Brown, J. G., 1930 : Relation of Space Charge and Poten-
tlal Gradient to the Diurnal System of Convection in Lower
Atmosphere. Terr, Mag. and Afm. Elec., 35, 1

*Scrage, F. J., 1933: Air Rarth Current a't Kew Observa-
tory. Met. Off, Geophys. Mem. 58.

© Obolensky, W. N., 1925: {iber Elekirische Ladungen in
der Atmosphlire, Ann der Phys., 77, 644

¢ Chalmers, J. A., 1949: Atmosphef‘ie Electricity, Oxford
at the Clarendon Press.
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at the ground. Because of these movements, the charged
cloud can induce a total charge far greater than its own,
and also.produce a much higher concentration of space
charge than that present normally. The highly-charged
air thus produced in the lower atmosphere wiil be drawn
into clouds, and these clouds in turn can produce even
more space charge until lightning results. ]

The other process by which the original cloud of posi-
tive charge can produce more space charge takes place
at the top of the cloud, which has risen to altitudes at
which the air has far higher conductivity than at the
earth’s surface. Although the cloud has not produced
the very high potentials characteristic of a thunderstorm,
it nevertheless has a positive potential exceeding that of
the ionosphere. Because of this potential difference, nega-
tively-charged fast ions from the ionosphere move toward
the cloud. However, here again, these ions on their way
to neutralize the cloud are trapped by the large concen-
tration of Aitken muclei or cloud droplets present in the
air of the cloud and in the air around it. The resulting
siow negative ioms thus formed are then either carried
away by the high winds frequently present above the
cloud or by strong down drafts around the cloud.

By processes such as-thess, large quantities of space
charge of high concentration are continuously produced
which provide the charging currents necessary for elec-
trical storms.

Although the motions in a thunderstorm are quite vari-
able and complicated, it is possible to give various simple
illustrations of the foregoing hypothesis. These illus-
trations are included to suggest the sort of situations
which lead to the formation of large charge centers capa-
ble of producing lightning. An explanation of these ilfus-
trations is provided in FiGS. 1 to 6B, inclusive.

FIG. 1 is an illustration showing three hypothetical
thunderstorm cells 19, 11, and 12 moving along wiith the
wind in the directicn of arrows 13, Cloud 1% is the pri-
mary cloud, having a relatively small positive space charge
%4, Because of the corona produced beneath it, this cioud
leaves a layer of high negative space charge 15 beneath
it which in turn is drawn into cloud I1. This cloud, hav-
ing a high negative charge 16, produces a layer of high
positive space charge 17 which enters cloud 12, and so
on with successive clouds. The ground is represented
by the mumeral 2§, in this and succeeding figures.

in FIG. 2, the original positive cloud 18 has grown
farge enough to produce corona at the ground 28 which is
in this instance negatively charging the air 22 entering
the cloud. This negatively-charged air is rising into and
vp through the cloud, to accumulate on the top, pro-
ducing there a.large charge center 23. ’

In FiG. 3, the initial positive cloud 1§ is dissipating
by strong down drafts 30. As the air comes out of the
cloud aleng the ground 29, it acquires a strong negative
charge 31.

FIG. 4 illustrates an initial positive cloud 18 which is
producing all around it strong down drafts 40 of nega-
tive space charge 41 which are forming a ring of high
negative charge around it. -'This negative charge has ac-
cumulated to the point that it is producing strongly-posi-
tive air 42 at low levels, which is entering the cloud as
indjcated by arrows 43.

A high wind 5¢ is blowing across the top of the posi-
tive cloud 16 in FIG. 5. This wind is carrying off a
siream of air 51 having a large negative charge 52; this
process in-turn is making the air 53 entering the cloud
even more strongly positive.

FIGS. 6A and 6B illustrate a situation in which two
clouds 60, 61 of opposite sign are increasing their re-
spective charges because each is drawing in air which
bas been charged by passing under the cther, as indicated
by arrows 62, 63. FIG. 6A is a side view, and FIG. 6B
is a view of the same clouds looking upwardly from the
ground. ’

These illustrations are designed to show how the move-
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ments caused by convective activity may result in the de-
velopment of large centers of opposite charge. Although
the motion of air will sometimes act with, rather than
against, the electrical forces, nevertheless, when air masses
involved in strong comvective activity acquire the large
space charges postulated, it appears that iR many cases
the air will do electrical work leading to lightning:

By making certain assumptions concerning the flux of
air into a thunderstorm cell, it is possible to arrive at an
estimate of the space charge that would be required to
produce the charging currents observed in thunderstorms.
1f we assume an up draft of the order of 10 m./sec., ex-
tending over an area of 100 km.2, this gives an average
upward flux of 10% cc. of air per second. The average
charging rate of a thunderstorm has been estimated to be
of the order of 4 amperes, or about 3 X 101 unit charges
per second. This would mean that a space charge of the
order of 30,000 unit charges per cubic centimeter would
be required. Condensation nuclei are usually found in
concentrations as high as this, so that singly-charged
particles of this sort wouid vsually meet the requirements
of the hypothesis. In addition to these particles, it is
probable ‘that cloud drops, too, serve as charge carriers
having low mobilities.

1t follows that electrical storms cannot form if the space
charge in the lower atmosphere is below a certain value.
It also follows that such storms can be intensified if that
space charge is augmented above its normal value. By
the methods and means described in the following dis-
cussion, the electrical disturbances of the atmosphere
may be controlled, ie. either minimized or neutralized,
on the one hand, or augmented, on the other.

As already stated, the electrification of thunderstorms
and associated phenomena such as tornadoes is initiated

5 by the small positive space charge normally present in

the lower atmosphere, as indicated by the numeral 19 in
FIG. 1. By coniroliing this space charge, I propose to
control the electrification of such storms. - This can be
accomplished in various ways, all of which, broadly
speaking, involve introducing into the atmosphere charged
particles of one sign or the other, at selected areas and in
amounis required to accomplish the desired purposes.

There are a4 number of methods that can be used, in
accordance with the present invention, to introduce space
charge into the lower atmosphere for the purpose of
modifying the electrical properties of storms. Typical of
such methods are the following:

(1) Charge naturally existing aerosol particles in the
atmosphere, such as dust, Aitken nuclei, or cloud par-
ticles, by coroma discharge. The high voltage necessary
for producing corona discharge can be derived either from
conventional high voltage sources or from the natural
gradient existing in the atmosphere. A simple way of
employing this technique is to string wires, maintained
at a high voltage, above the ground. The natural move-
ment of the air beneath the wires will bring in a con-
stant supply of the particles to be chatrged.

(2) Produce fine aerosol particles artificially and then
charge them by corona discharge. Suitable aerosol par-
ticles can be produced by spraying, by condensing a liquid
from the vapor phase, or by the chemical reaction of two
Or moré gaseous components to yield a non-volatile pred-
uct. The aerosol particles produced by furnaces or in-
ternal combustion engines can be used as the carriers of
charge.

(3) Instead of using corona as the source of fast ions
for charging aerosol particles, it is possible to use other
sources. For example, a radioactive source, a flame, or
a heated filament can be used as a substitute for a corona-
producing wire or point.

(4) Aerosol particles comprising a space charge can
be electrically charged by other methods than using a
charging element of fast jons. For example, the particles
can be charged by electrostatic induction or by frictional
effects. If aeroscl particles are caused to come into mio-
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mentary contact with a conducting surface in the presence
of an electric field, they can be charged inductively. Or,
the particles can be frictionally charged by moving them
rapidly over a suitable surface.

By placing a number of space charge generators over
a large area, the proper amount of negatively charged
particles is introduced to neutralize the positive charge
normally present in the lower atmosphere. The output
of these generators may be controlled manually or auto-
matically so that the electric field at the earth’s surface is
very mearly zero. This would correspond closely to nen-
tralization of the normal space charge. In order to
maintain the neutrality of the atmosphere it will be nec-
essary to meutralize the aimosphere as fast as the wind
brings it in and to supply charge at a rate that balances
the normal ionosphere-to-earth current. In areas of the
large size that it would be necessary t0 work.wit}} th_e
current necessary to neutralize new air coming in is
negligible compared to that required to balance io;}o-
sphere-to-ground current. About 3 microamperes (i.e.
3 microcoulombs per second) of current in the form of
space charge are required for each square mile to be
reated under ordinary conditions, although more or less
may be advisable as indicated below. In general, less than
about one microampere (i.e. one microcoulomb per sec-
ond) of space charge per square mile is, however, tco
little to be clearly effective.

‘The generators are dispersed in a regular grid with one
or more generators in each 30 to 100 square miles. On
the basis of our present kacwledge it appears that the
equipment for space charge generators will cost about
one to ten dollars per microampere or three to thirty
doiiars per square mile. "It is estimated that the cost of
operating the equipment exclusive of the costs of regula-
tion and maintenance wouid be about one cent per micro-
ampere per hour or about three cents per square mile per
hour. In order to produce any significant resuits, the area
covered (i.e. the area of the grid) should be at least about
1000 square miles, and preferably in the order of 10,000
square miles. For illustration, the iocation of one such
generator with respect to the system shown in FIG. 1
would be in or above the ground 20 adjacent the nu-
meral 19.

Equipment of the sort used to neutralize space charge
could also be unsed to increase the space charge or to
reverse its sign. The quantities of charge necessary to do
this would be of the order of two or more times as large
as that required to neutralize the atmosphere and the cost
per unit area would be correspondingly larger.

If there are strong sources of space charge present
such as dust storms, blowing snow, etc., the cost of nen-
tralizing the air would be somewhat larger than the above
estimates, which are based on normal conditions. As a
rule, however, it is not necessary to go above about 20
microamperes of space charge per square mile.

Still ancther technique that can be used to reduce the
space charge in the lower aimosphere or to neutralize the
potential between the earth and the ionosphere is to fly
a large number of smal balloons or kites attached to fine
wires atiached to the ground. A sufficient number of
these balloons or kites flown from many points over the
land or ocean could be used to reduce the normal space
charge. If they are flown at a height of about one thou-
sand feet the wire goes into corona because of the earth’s
field. The current per kite would presumably be of the
order of 10 microamperes. According to this each kite
would be able to reduce appreciably the space charge of
several square miles.

If a sufficient fraction of the storms over the earth
could be electrically inactivated by space charge neu-
tralization, it might be possible to reduce the supply of
positive electricity to the ionosphere to such an extent
that it would lose its charge. Once this were to happen,
no further electrical storms could take place unless per-
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haps the electrostatic cycle were to become reestablished
because of the electrification produced in dust storms or
volcanic activity or by other means.

Ii the primary charging mechanism of electrical storms
is at the top of the cloud, then it might be possible to
neutralize the ionosphere in the following manner. In
regions of the earth where the greatest thunderstorm ac-
tivity takes place, set up apparatus for generating suffi-
cient negative space charge to give the air mass a negative
space charge. Under this condition any thunderstorms
that developed would remove positive ions instead of
negative ions from the ionosphere. By this technique, it
tight be possible to use thunderstorms to neutralize the
ionosphere,

In speculating about the electrification process it ap-
pears that there might be three possible stable electrical
modes for the atmosphere; the present positive ionosphere,
a neutral ionosphere, and a negative ionosphere. The
situation appears to be analogous to a Wimshurst ma-
chine which, if unprimed, remains neutral but which can
be primed to be either positive or negative. It might well
be ihat the present positive earth’s field was established in
prehistoric times by some intense volcanic activity or
other cause and that it has persisted until now.

A ramification of the foregoing discussion on the con-
trol of electrical storms is the possibility originally sug-
gested by Hare 7, that the tornado is an electrical phe-
nomenon. If this is true, then it should be possible to
preveat tornadoes by the same methods used to prevent
lightning. If mature can produce space charges of the
order of 108 drops per cubic centimeter, it can be shown
that an air mass of this sort would reach velocities of
three hundred miles per hour in falling through the po-
tential drops existing in thunderstorms. I have produced
space charges of this order of magnitude on a laboratory
s%ale, hence this suggestion appears to be entirely reason-
able.

Further in connection with the development of torna-
does, it appears entirely possible that the electrical energy
in a storm can produce high-velocity up drafts as the re-
sult of the heating produced by lightning strokes. Flora 8
quotes two different observers who reported that the in-
side of the tornado appears to be a hollow cylinder jl-
luminated with constant flashes of lightning. It would
be expected that the imterior of a tornado would offer a
low-resistance path for lightning because of its low pres-
sure, and that the heating and ionization produced by
lightning would further lower this resistance. If light-
ning flashes transporting 20 coulombs per stroke occur
within the vortex at the rate of one per second, it can
be calculated that the enmergy would be sufficient to pro-
duce an increase of about 100° C. in the temperature of a
colums of air 50 meters in diameter rising at 100 m./sec.
It only a portion of the electrical energy developed by a
large storm were to be converted into kinetic energy by
either of these mechanisms, it could supply ample power
for a tornado.

I claim:

1. The process of modifying the existing space charge
of the atmosphere, which comprises intreducing into the
atmosphere adjacent the ground, from a plurality of sta-
tiens distributed over an area of at least about one thou-
sand square miles, 2 mass of particles substantially all of

. Which have an electrical charge of one sign, at a rate of

between about one and about twenty microamperes per
square mile of said area,

2. The process of neutralizing the space charge in an
electrical storm in the atmosphere, which comprises intro-
ducing into the atmosphere adjacent the ground, from a
plurality of stations distributed over an area of at least
about one thousand square miles, into a moving stream of

387 Hzaxres,GR,, 1840 : Notices of Tornadoes. Amer. J. Sel. Arts,
: 73-86.
3Tlora, 8. D., 1953 : Tornadoes of the United States.

Uni-
versity of Oklahoma Presg, 10
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the atmosphere up-wind from said storm, a mass of nega-
tively-charged particles at a rate of between about cne
and about twenty microamperes per square mile of said
aree.

3. The process according to claim 2 wherein said sta-
tions ‘are arranged in regular grid formation with at least
one of said stations in each one hundred square miles of
said area. :

4. The process of augmenting the space charge in 2
seiected volume of the atmosphere and thereby increasing
the dsgree of elecirical disturbance therein, which con-
prises introducing into the atmosphere adjacent the
ground, from a plurality of stations distributed over an
area of at least one thousand square miles, into a moving
stream of the atmosphere up-wind from the location of
said selected volume of the atmosphere, a mass of posi-
tively-charged particles at a rate of between about two and
about twenty microamperes per square mile of said area.

5. The process according to claim 4 wherein said sta-
tjons are arranged in regular grid formation with at least
one of said stations in each one hundred squarc miles
of said area.

6. The process of modifying the space charge in an
electrical storm in the atmosphere, which comprises iniro-
ducing into the atmosphere, at points between the surface
of the ground and the edge of said storm, and over an area
of at least about one thousand square miles, a mass of par-
ticles substantially all of which have an electrical charge
of the same sign, at a rate of between about one aad about
twenty microamperes per square mile of said area, said
points being so located that said particles are moved to-
ward said storm by the movement of the atmosphere.

7. Apparatus for modifying the existing space charge of
the atmosphere, comprising a plirality of electrical charge-
generating stations spaced apart over a ground area of at
ieast about one thousand square miles; with at least one
of said statioms in each one hundred square miles of said
ares, each of said stations comprising a source of fine
particles, charging means for imparting an electrical
charge of one sign to said particles, and means for mov-
ing said particles past said charging means and into the
natural updraft currents of the ambient atmosphere at a
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rate sufficient to introduce between about one and about
twenty microconlombs per second per square mile of said
area.

8. Apparatus for modifying the existing space charge
of the atmosphere, comprising a plurality of charge-gen-
erating stations spaced apart over a ground area of at
least about one thousand square miles, with at least one
of said stations in each one hundred square miles of said
area, and means associated with each of said stations for
discharging into. the ambient atmosphere an electrical
charge of one sign of between about one and about {wenty
microcoulombs per second per square mile of said area.

9. Apparatus in accordance with claim 8 wherein said
means associated with said stations comprises wires .at-
tached to the ground arnd extending upwardly into the
atmosphere, said wires being suspended from supporting
msans such as kKites or balloons. :

10. Apparatus in accordance with claim § wherein said
means associated with said stations comprises wires strung
above said ground area and connected to a high voltage
source.
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