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EXPERDMENTAL RESFACHE Of ARPIFICTALLY TRIGCERZD LIGHTHING
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lightning is an wusuglly impressive tyve of natural vhenomenony the calamities created
understom aiaa familiar to everyone; because of this, lightning resz-rch, from ancient
a princiral point of atiention among scientific workers in China and abroad.
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times ony, has 'been
At present, there is already data observing and measuring the eapability of eleci¥ic currents

in lightning to reach several fens of thousands and even several hwndreds of thousands of
amperessgt the .same time -producing huge amounts of power in the twinkling of an eye; the
high temperatures produced by 11ght..__-g cen, on an average, reach from §ix thousZnd to
thirty thousznd dezrees or more‘z’ s the vressure of a lighining shock wave cen reach

tvo hundxed atmoépheres(s) . Ilighining can also produce ozone and manufacture nitrogen feri-

(5),
(6),

ilize (4), it can make plasme bodies; lightning is even able to produce neubrons’
§ighming and conveciion cloud precipitation also have an extremely close 'r‘es.a.t:.onsha.p
thereforey, reseaxch into lightning and its uses has an extremely dright fubura. Howeve:r:",
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concerning natural lighining, people have no way to predict beforchand at what time and what
place lightning will occur; because of this, there is still a shortage of sysiematic and

careful regearch into the orgenic substances lightning is cavable of producing, somé physical
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chenistry processes, etc. Axtificially “riggered lightning is ome imporitant method res-

egrching and utilizing lighining.
From Franklin on, people have resazarched various types of methods thinkihg to attract
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lightning; however, because numsrous accidents occurred, this iype of research was broken
off in the middle to some degree. The nmodernized technique of artificizlly ivizgered -
lightning, according to the Frenchmen “uberb('?’ beging with the Americen Fewmen., In récont
years, the United 3tztes, in omder to protect spacecraft and aircraft as well 25 commmicé~-
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ticons trensmissions, has done research from theory to field testing on artificially trisgered

lightning. Frence's Muclear Tnergy Committee and the French Electricel Instruments Company,

§ because of the problem of protecting high tensim lines; etce, 21s0 successiully cirried out

‘.;ests of artificially tngﬂered 1i gl”‘nmg in 19‘73.(8) Vhen we received ithe n‘suratlon,wha.ch
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ecewvod 6 kpril 1978 .
* Others wino participated in this work are: Fwo Shremin, Ewa.ng De-feng, An Sywe-min, Reng

Dung-sheng, ° iezzg. Dzai-ming and other comrades. During experimentation into rocket e.l;.gn-

ment, Comrades Dmm Cheng~ming and wang Meng-rung rendered assistance,




the ma.ssec cf Ywnnan Pz:ovince had o'bserved,; ‘l:hat, when lightnmg cMges from ‘horizontal Fo
vertical, hailstomes disappear, we then, faking several observed fac-ts ‘about the rélaticn”
between lightning and precipitation as a basig, carried out ini ua.e.l theoretical discussims
conceming the capability of cloud~to-grownd lightning %o eliminate haily fesogni Zng that
the use of artificially triggersd lightning could answer the objectives of eliminating
hail and artificially controlling precipitatior. This being so, we launched ex;pe‘:ciﬁénfdé‘i;iéh’:

into artificially vrmrev‘ed lurh*nmg in 1977.
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1s Princivles and Methods of Artificially Triggered Lighining - R

Haturally, lighining is a type of electrical discharge phenomenon in the a.tmdé;shéi"é,
and mast produce the specific eleciric field strength required for electrical diéchéfé’gé
phenomena, for example, wnder one atmosphere mressure, the discharge value for dry air 13
30,000 volts/cms In the same way, the formation of natural lighining 21So reouires-an
adequate accumulaied charge in the thwnderhsads, moreover, there must be 2 specifié éléc-
tric field value. Inside thunderhesds or rainclouds with strong ~lectic fields, when the

o

value for the formation of netural lighining has not bteen reached, if it is poSsiblé to -
artificially incrsase the eleciric £ield to the critical velue for the formation of lightning
then, it is possible to rezch the objeciive of triggered lightning.

In that case, what method is thera to artificially increase the electric i‘ie},d‘? *E‘*féry-‘-r

(9)

flying through clouds, have point eleciric fields incroased 345 times over the original elec-

one knows that, according to Xasemir's calculations‘’’/, the American Avollo rockets, vhen
tric field in the clouds. Therefore, after the Apollo 12 spacecraft entered 2 raincioud
having an electric field with a level of only 100 volts/cm, it then successively txiggéred two
lightning flashes; this is vhat is known as "The Avollo 12 lightning “ncident." In accord-
ance- with the theory of  Frenkel! (19), tne point electric fields of long, thin
ezxthing conductors is increased even more strongly., Ilebratory eéxpveriments also confirmed
that thin condvctors that are moving can trigger electrical discharges even more éasily
then can thin, stationery canductors., Because of this, if, under thunderheed conditions,
there were a thin earithing conductor suddenly fired toward the clouds, the stromg i‘)oj_nt =i

electric field of the thin conductor at this time would meke it very easy "o cause the air

to give rise to artificially triggered lighining produced by the penetration of the conductorf

Therefore, no matter how the American or French tecknigues for causing thundér aré nodemlzed;-.
their basic method still will be to trigeer lighining by firing 2 C.2mm diameter grovnded |
thin steel wire of severzl mmdred meters in leisth carried by 2 rocket toward clowds wader
thinderhezd conditi ns‘ﬂ(a)(w)

=




The Téchnical Imnlemmtatlm of Mtlfa.cla 1y ‘T’xlggered Iagh'mmg

thwder cloudss The dlfformces between it and the American and Frmch methods are ’tha'b all

rocket 2nd line equipment is very simple, moreover, due to the employment. of remote 'con ml

ignition, we saved having complicated safety facilities, which facilitates its gopq}gxg:zg:t;gu_

and spread. 7 .

Rockét: The one we used was a small Type 40 rocket used to prevent hailg due 1o ﬁié
lightning speed of £light of smell rockets, it was possible to exceed the speed of Sounds.
because of this, the conducter line was constenily pulled out to 2 distence of less thaﬁ ]
100m 2nd then broke; later, we employed weighted rocket nose cones to slow down the gpesd
of flight, and we obtained relatively Zemons vigle results and solved the problem oi‘ the.
easy breaking of the conductor line,

Conductor line and Its Installation: The outside diameter of the conductor line caj_r:ried '

by the rocket is 0,5mm; its core is copner wire, and the outside of it is wrapped S.nny}.on
filaments %o incwcase its tensile strength, £~ 500-1000m length of conductor line ig rolled

onto a dowel with 2 diameter of 15cm. ‘hen the rodtet is laumched, tale the 11ne dowel w:z.th ]

the conductor line a2lrezd, wcund onto it and put it in 2 position 1m from the ﬁa.ntry, use
steel naile to fz:ien the center of the line dowel to tke grownd in oxder to a{ro:ul d splax’:ihg
or Yolling the line dowel being rulled on and breaking the line. The end of the line mﬁier
the line dowel =nd the grownd lire are connected (the growmd i& 2 copper plate bumede._ggrox—
imgtely 1m deep in the sround) the other end of the steel wirve is fastened to the body of the
rocket (the object of using the steel wire is tc prevent the high temperature @ses exnellea
by the rocket from buiming the thin cmductor line in iwo),

Isition: “we to the fact that, ter the lightning is triggered, it will flow 2long
the conductor line to the grownd, reople must not be in an area 10m arownd the rocke‘h lzuach

t:r.ys\uzx oxder to protect their safety, Conceming rocket ignitim, ve employed remote

control technolezy to do the menipulations from a long distznce away; the remote c&xtifoi
distance of the remote cz._irol device was 1 ¥my this was adeguate for use a5 far as *-ze are
concemed., _ T

Choice of Circumsi~nces for Isition: The circumstances for ignition of the réciie‘t are
very important to the triggering of lighining; to determine what itime is most céi"‘céﬁﬁ to
bring 2 sucréczful trigsering of the lighining mne must consider whether or not the main
cloul masc has closely approached and massed tm'ouﬁl the trig ering point. At the same timey
one must use elac’ric field insiruments and llélmmg calculztors to caxry out obse’*mtims,
accoxding o the experience of the French S.d ourselves, when one ‘obtserves a "rom& electnc

field sirength grecter than 207 vol ts/emy carrying out rocket opsrations, it is zelatwvely

e2sy to oblain success in triggering lzgh‘mmg,(soe Fig 1)
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a. large as green lentils b, Artificially Triggered I Lﬁvinmb
Ce Lﬁa'cura.l Vertical ILighining, Additional Ba.m,’Ie.rg 2S tpsas
’ - -

d, Small Be.z'n,‘iarger Rain

Fig 1 Observetion Recomd of Artificially Trigsered Tightning snd Grownd Susfice
Electtical Field for 19 September 1977

3¢ The St a,tus of Z.‘:s:mrmﬂn'ravlm A}:‘if 1a11y Triggered Iighihning

The locaiion of our experiments was on 2 momtzin top in the mownizinous reg:.énof é{ziifa}ié‘ n

ot}

Ning-Sya, approximately 2200 n above Sezlevel. This mountainous area has cor‘;di‘hiéiié ‘whiéh

produce clouds; there are also three thundersiorm iracks crossing ihis arez. ‘"‘he avera.ge

number of timmderstorm days each year is spproximately 32, 'norcorvev', some thmderstom da;
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Besides, the visual fielu of our experimental location was very wide, using the naked é?é dﬁ'éf
-could see clobds mofe then several iens of kilometers awsy, this was éitremely aaventageous
*'0‘" the oav-l,; discovery of tmmderstoms and the conseguent completion of nrena"atléns for

firing the "'Ocket. Hov we will izke the circumsizances of severzl mstar.gges of art,,zlclal

,tr:_gﬁen..g of lighining 2nd introduce them sevarately as follows: - -

1s Circuristances of Triggered lightning on 19 September 1977
On 19 September at 1706 hours approximately, straight north of the experiméntal 1ocatlcn-

there was Cb clovd develommenty at 1732 hours the sound of thunder was héardj the main
clowd mass reached the irigsering voint at about 1800 hours; =2t this time, the observed
earth surface electric field had alxe2dy reached =200 volts/cm; we heggn opérefqic‘ngs 16
carry out triggering the lighining, At 1943 hours, vhen the rocket pulled out approximaiely

350m of conductor line, lighining was iriggered; electric field instruments recorded ifr
this instance an electric field chenge from -200 volts/em to 500 volisfem (Fig 1)e
vath of the lighitning in this insicnce was arproximaiely 300m langy it traveled Straight
from air to earth; the toy vortion wac forked; ire path of the lightning was widé 2ad
bright; the sownd of the thwnder was just 23 fierce as that of lightning sént 16 éafth by
natural clouds, At the ohserv._iion stztion approximeiely 300m from the iriggering Hoint,
ve used 120 cameras itc phoiograrh this occurance of lisntming (see Fig 2). From thé pictuve

che can see 2 stre..igh‘h and ide luminous line; this is the conductor line emitting light

a2s it bumed vhen the izhining current pzssed through it; the other two bent, 1uminous,

thin lines are two instances of the back-i‘lash DTOCESS,
2, Circumsiances of Two Other Lighini riggerings

On 17 September 2t 155C hours and 10 seconds, the first instonce of trigzered lighini
vzs a success; ihe eleciric field changed from #4000 volie/em to -200 volts/emy theé path
of the lighining was 2ppraximaiely 50m lang; tre top rortion was bright and wide; the
bottom portion was dim and narrow; simuliancously, ve heamd a2 somd like a firecracker
ploding,

On 19 September at 1806 hours and 35 seconds, there was an occurence of triggered ligh-
tning; the change in eleciric field wa: not great (from =30 volts/em to ~4 volts/em); the
rath of the lighining was approximately 2C0m lmg; moreover, concéming the sparks§ which
were produced after the c.nductor line was bumed in two by the lighining current, tlese

made a "ol pi pei pai" scmd, floated in the air for ziwwt n2lf 2 second and went out.

In these few successful artificial trigiérings of lighining, not only did we see a
lightning flash, hear the somd of thunder, recomd clenges in the eleciric field and take
photograrhs; morecver, il was 21lso possible to see the itraces mede by the 1ighhgﬁ;g>currgnt
2s it penetrated the conductor line which was not vulled off the line dowels The corductor
line which the rocket pulled out was bumed to bits by the lightning curents the cc&éuctor

line on the line dowel and grownded conluctor line coniact wndexwent the phénomanon. oF being
ined epart, o 7
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The Circuiasisnces of Hail and Precipitation after L:.gntn ing ""r'lga., r.mg

-

After tng::e‘r*__ng the lighining, ve observeo, whether it was capable of proauc

precipitation "dumping" phenomenon in the same wzy natural lightning i8; and mthln a. few
seconds after the lightning was triggered, without question, both hail and precipitation
were Suddenly increased, For example, on 17 Sevtember, before the 11g}rtnmg wag t:clggered
the size of the hail was only 3-4mm; moreover, it wa2s falling very sparsélys: howéver;
after the lightning was triggered, the size of the hail was 5-6mmy moreover, it wiS 'féimg
rélatively heavily, To cite another example, on 19 September at 1943 hours iig‘hﬁiiié was 7
triggered; it was reining lightly before the lighining; it was raining heavily after the
lightring, Conceming this type of 2bility of artificially triggered lightnin g to produce
a precinitation “dumping" phenomer;m, it is certainly the basis for our using it to Drocéed
with artificiz]l precipitation and defense against hail; +the rationale for this c2n bé see
in ‘6). The circumstances of the hzilstorm of 17 September were that the arez aboveé the
triggering point had heavy hail, the siation itself had light hail, 2nd +the arez below it
experiencel slight amounts of hail or none at 211, 3Because of the lack of exact séiéntific
data, we camnot assert that this is the result cf artificially triggered lightnings hévaver,

using artificially triggered lighining to proceed with thecretical research and eéxperimentation

into artificial. precipitaticn and Aefense asminst hail is most certainly a probleh worthy

of study hereafter, )
Concerning experimentation into artificizlly irig-ersd lightning, for research into and

the utilization of lighining, including the aszects of artificial control of lighining, ari-

ificial precipiiztion a2nd perticularly defense against hail, we have provided onz Yrodictive

vath for resezrch. Besides this, our work czn alsc offer a new type of technology for

the protection of atomic energy and high~tension lines, etc, Altrough the utilization

of lighining inside China and abroad is still in its initial stage, its future is still

ahead of it; we firmly believe that the day will certainly came vhen lighining will obiza

broad utilization for menkind,
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