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Electric cloud and weather 
modification with intense relativistic 
electron beams 
THE problems confronting weather modification by seeding 
methods are well known and centre on the dispersion of the 
seeding agent over a large air volume. In a different method 
for artificial cloud modification proposed by Vonnegut and 
!'10ore1 electric charges are released by corona discharges 
mto updraughts from the ground by a system of wires at a 
high electric potential. In this method the electric charges 
are much more rapidly dispersed, due to a rather large ion 
mobility in a thundercloud electric field, than is otherwise 
possible for seeding agents dispersed by turbulent convection. 
But the system of ground wires seems to be impractical for 
a weather modification technique with the demand for high 
mobility. 

I therefore propose here an alternative method of electric 
cloud and weather modification based on the projection of 
a rapid sequence of intense relativistic electron beams into 
thc atmosphere. The maximum range in the atmosphere of 
relativistic electrons is given by the radiation length '-<, ,...., 

280 m and which is rapidly approached for electron energies 
in excess of 50 MeV. A beam of electrons would normally 
disperse rapidly in the radial direction due to multiple scat
tering. This however, is not the case for an intense beam of 
relativistic electrons which is confined by its own magnetic 
fi~l~. Beams up to 106 A and with electron energies of many 
mllhon electron volts lasting up to 100 ns have been already 
produced by the combination of a Marx surge generator with 
a Blumlein transmission line, connected to a field emission 
diode. The total beam energies so far achieved reach the 
value of megajoules. If such a beam is projected into the 
atmosphere it will not disperse radially but rather will pro
duce a channel of hot air, with a maximum channel length 
equal to the radiation length in air. If now a second beam 
is projected into this channel after a time lapse which is 
equal to the time for the air to expand in the channel heated 
by the first beam and which is given by Tex. ,...., ria, where r 
is the beam radius and a the velocity of sound in the heated 
a!r, then the secon? beam will in part propagate through 
air of reduced denSity due to the thermal expansion caused 
by the first beam. If for example, the first beam heats the 
channel up to ,...., 104 K the velocity of sound would be ,...., 
105 cm s-l, and if the original beam radius is r ,...., 0.1 cm 
the time for expansion would be Texp ,...., 1(}-6 s. Because of 
the reduced attenuation the second beam will propagate 
further than the first beam. A third beam will propagate 
~ven farther, and so on. A sequence of beams rapidly pro
Jected along the same path will therefore tunnel into the 
atmosphere much deeper than otherwise possible with only 
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one beam. Such a rapid sequence of beams can be obtained 
by a parallel arrangement of Marx generators to be dis
ch~rged in a programmed sequence by triggered spark gap 
sWitches over the same Blumlein line and discharge diode. 

I define the ratio TolT = K where To is the air temperature 
under normal conditions and T the temperature in the chan
nel heated by the beam. For T ,...., 104 K, K ,...., 3 X 1<r2. 
With a beam channel volume of 7Tr2lo ,...., 103 cm3 a beam 
energy £ ,...., 104 J would raise the temperature to T ,...., 104 K. 
The first beam pulse will penetrate the distance 81 = lo. The 
second beam will add to this the penetration length 8. = 
(1 - K)lo, the third will add 83 = (1 - K) 82 = (1 - K)2 lo, 
and the nth beam will add 8" := (1 - K) 8"_1 = (1 - K)"-l 

lo. The total penetration length is therefore given by 

.. 
lo L (1 - Kt- 1 = [1 - (1 - K)"]lo/K. 

n=l 

For n ,~ 00, l~ loiK. For lo = 2.8 X 104 cm and K = 
3 X 1 (J-2 , l~ ,...., 10 km. For n = 10 pulses the length would 
be l'0 = 2.4 km. In this case each beam pulse delivers ,...., 
104 J such that the total energy delivered in ten subsequent 
pulses, with a time lapse of ,...., 10-6 s between the pulses, is 
. 105 J. The total time to discharge ten subsequent pulses 
1s ,... 10 X 1(}-6 s = 10-5 s and is short enough to pre
vent the beam channel from being destroyed by either 
heat conduction or wind motion. A capacitor bank of 105 J 
has an approximate weight of several tons. The capacitor 
bank could be thus mounted on a heavy truck or airplane 
and charged up by a combustion engine, making the elec
tron beam machine mobile, a desirable requirement if the 
beam is to be employed for cloud or weather modification. 

This method promises the following: (1) It permits the 
disposal of a large negative electric charge into a chosen 
volume of the atmosphere or of a cloud. (2) The intense 
relativistic electrons release within the atmosphere a large 
X-ray flash producing many pairs of positive and negative 
ions. (3) The beams create within the atmosphere channels 
of high electrical conductivity. 

The implications of these effects to potential cloud and 
weather modification are manifold. The most important ones 
seem to be: (1) The local release of electric charges can 
result in greatly increased electric fields within a certain 
cloud region leading to enhanced cloud droplet coalescence 
resulting in increased precipitation. (2) The release of elec
tric charges in an updraught may accelerate the thundercloud 
electrification by the Vonnegut-feedback mechanism2 and 
conceivably in this way also increase precipitation. (3) The 
creation of a large number of ion pairs will increase the 
electric conductivity of the air which could be used for 
lightning supression. (4) The creation of long channels of 
high electrical conductivity could be used to trigger artificially 
cloud-cloud or cloud-ground discharges. 
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