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ITTRODUCT IO

Tho cubjeet of Atmooghoric Eloetriclty doals with
tho oloetrical proeoocos occurring in tho rogion, in bBetuoon
corth ond tha uppor atooophore. Tho spectacular natural
nenfigoptatfon of lightning diochargo was, obwiously, tho
2irot to nttrnet tho nttontion of solentiots, cuch ao
Peonttling, Dalibor and Lomonogov, in tho middlo of 18¢h cantury.
Lﬁnanniorg, hacavaer, wvao tho firat to notice tho olootwie

poncmonn in tha otmogshoxd in the abeoneo of clouds and thore-

aftor tho cloudo and thundorstorno vero rogoardod as to bo
oinnly flold=diotorting agoncico in tho atnooshoro. Sines thonm,
in shio lonz portod of oore thon two conturicn, overesersing
0£Rezsa havo boon nofo to dettor undorotand $hoe physical and
nothcoatical nlcluro of tho phonononn, both in Lrlr and
ddoturdod woathor eonditionag. Exparimontal tochniquog hevo
bocn doproved cnd obooxvotions hove been ontondod to lazgor
bzocdtha of opoeo and im0, but vhoreas we havo colloetod rmeh
of Zactual knsvlodgo, our undorotanding of tho bdesie phyoleal
poocaooes bohind thom, hao not gond up in that gatio,.

GCIBIGRIVITY OF THE ATLIOSPHBRB

Conduetivity of tho atmoophore, which was firat diocovored
by Gsulonba 40 now & woll ootabliched fact. It 40 £iraly bdoliovod

th~d Jandoaticn of tho alr occurs duo to tho zndioccctivo zedice

$8znn geoa tho sodionetive matorials 4n tho carth onl odp cad



alos duo to tho eopnic podlationo coning fesn outotdo

thn torreoterial atnoophora, Thilo eoonie rodintiono fonico
tho aly at all lovols of tho atmon-hoxd, tho fonisation &uo
%0 gobionotivo rodlations £rom earth 1o esnfinod to tho
Lomor altitudoo ond on land surfecos only. At ocoans and
polos covorad with thieh layero of ieo, coonie zadiations
ore tho only dooinant sonyco of donigation cnd tholw
intonoity of cetdon Ineroages with altitudo.

Thoea zafiations ntrip«bff‘negativo oloetrono £woen
aoudsal nmoloowlaon leaving agway positive muclod, Im tho
rozdono of tho otnoovhoros wo are eéncornoa with,freo
oloedzono ecan no¥ oxict ond goon thoy attech themaolvuu‘with
o nouteal nalmeuiou, makking o ecluster typo 0f chargod
pmﬁ@iclo, Inovm ao ionm. Thoose nogotivoly and positivoly
eharppod Yanall lono' 0o lorgely rooponoiblo Qox tho ornfuet-
ivity of tho atnosphora, At land otatione, thooo omall aond
atSooh thoneolvoo with otill gruator~nantrn1 pazrtiecloo, cuch
no aondonoation mclol or pollution particloo ond form tho
o00=endlod *lago ionaf. Bﬁoadly opcaking, 0ll tho atmoonhorie
oo havo bcom.ardupoa into throo entogorico with roapoet ¢o
thoir ofiocon $.,0. omall ions, imtornedinto ionc ord largo 4ono,
thodp donle mobilitios lying in tho rango of 1.2, 10°% . 107°
aind] 10'3 - 10’0 on?/vuacc, roopactivoly. Phyoileslly oprching
Lo ooconee of cmall fono 1o thoir charge whilo chargo on
1no30 iono 4o only incddontal, |

Tho 03l fono arc dontzoyod by mocodimntion with
Az 6% oppoaito odnm and boins attachod ¢o ~a0d lergor nouteal



noloeulos, Tho oquilidriun oquation Lor smaoll iono ooy

bo wzitton ao bolow:

d

ﬁ-ﬂq-an?-anﬂ oo (1)

thoea n o tho mmbder of omall fons, q tho rato of
ion produotion, & tho cocofficliont of rocoabination,

0 tho coofficiont of attachmont, and I tho wmunbder of
melol ond larpoe iono of oppooiteo oign. Horo 4t hep doon
cocenod that cooffieiont of attnchnent and coofflciont of
soconbination with large fono of oppoaito oldpmo, ore
noorly oqual, |

Tho muobor of largo muclod and {ong of oppocito oign
i1 30 vory cocll comparod t0 numbor of onell iono of

opposito oign n 4 oveor tho gon, co that 0q.(1) deodnoo

'q-ana I ¢+
or n = (2) . (2)

On tho othor hand, ovor lond, n 1is vory omall
ccaparod t0 I, and thug

Qefrnll o O

og n o Bg- os (3)

Dowy ©o Bnow that cormuotivity of atmeo~horo N



io sopresontod by

}\Dnok QO(G)

o0E n, o aad k  roprogont the munbor, chargo and
oobility of ¢o0ll fono respectivoly.

Pron oquationn (3) and {(4), wo coe that

An% 00{3)

nnd pince the potentidl grediont ia givon by

2 o 4 o (8)
A
wvhoro § 1o tho afr-carth curront, <0 hawo
B eoygn oo (7)

Thuo, 1 tho airecarth curront 1o conobant, tho
potontial gzeddont io proportionnl ¢o the munbar of maeloi.

Diuranl ond gonoonnl variations of ennductivity of
tho atmoonhoxo aro influomcad by tho eorxoopinding chansoo
ia tho fonioation intonpity ond pollution coacontration,
Conénetivity 1o noxo in night and decomos loos in tho dny
¢%o duo to inexoaced pollution in tho atnoesphore. Aoin,
auo %o tho o9 ronoon, conductivity 1o noro in curmor thon
in vintor. Cinéuctivity inercncos with altitndo, noarly



onponentially, which nay, obviouoly, be oxpootod duo <o
gn2roacod {onio~tion activity and loco pollution donoity
ot hi-hor altitudos.

The offoct of pollution of tho atnoophors may bo
optionted £rom tho faet that abdout half of the columnar
toniotanco f.04 rooiotance of ) m2 croste=caction of tho
esduan of tho atooaphore botwoen the carth and tho maaw-.
opbore,vhich has boen necourod to ba of tho oxder of 3.023' obno,
o attributed to tho lovaot 2 kno of tho atmoophers. Rolote
ivoly opeaking, the carth ip a very good esndnctor, with
poopoct to oy nineo tho emductivity of coa wotor 10 14
opdoro of nogaitudo groater thon that of air and tho eondue-
¢ivity of ground Lo 10 %o 1l ordorn of nognitude groator than
thot of air. Ionoophere too io about 16 tinzo oore eanduoting
thon the lowor loyero of tho atnoorhoro oo thot wo eom drow
tho pictuwe of tho atmoschoro, oo consioting of tuo ophordeal
emfueting ohollo - oorth and ionoophoro - with o dicloetrie
odx of varying confuctivity in botuoon thon,

VIrG IcAL BIACIRIC PIRLD AD AXR.EARH
GGUDUCTION CURRBLT

To undorotond tho various ngpoets of atmocphorie
c2ooteicity, carth amd tho iomoophore aro ernoidored oo too
pintop of o ocoherleal condoncor, tho lator having pooitivo
chorge and tho formar negative. The chargo locho through the
gontuetivo olny giving positivo chargo to tho carth. 628!33
actinrtod thio leoakago eurwont ¢o ho of tha srlaor of ABED amp,

-4 ]



evor the vholo carth curfaco, and the rosictanco of tho
asnogphore to ba 20O ohnp, go that tho potontial difforonco
botuoen tho two platos of tho econdonper anounto to o
380,000 voltp. Tho valuoo are, hovover, vory approzinato
cnd noy bo oonoidored only fron tha point of viow of ordoro
o2 tho magnitude,

Tho voluo of potontial grudionts ovor the land
cpgfoce varioo vory much with spaee and timo, Go shall éiscuss
thoco variotiono in dotail in Chapter XT. Horo it sholl bBo
gufficiont to montlon that the weluo of potemtial grodiont
ot coa gurfacos s of the order of 100 V/o and it doeroaces
vith oltitudo, while at lond, its valuc doponds upon tho
aoount of pollution in air, a.g. tho nean valuo of potontial
geodiont ot fov 1o 363 V/m,.

Ao a osnooquonco of tho eonduotivity of tho O¥R00-
phoro end tho potontial gradfonto, progent thoroin, o conducts
4on curront £louo from uppor atmoophoro to carth. In folw
wonthor condiGiono, tho pogotivo fono nove upward and pooitivo
fono dounvord oo thot oarth io eontinuouoly charged with
positivo charga. Tho curront donoity may bo roprecontol by

f1o(A*A)E s AB ee (8)

thoeo E do tho field, )\ aond )\, oro pooitivo and nogative
confuetivitios an@ A 4o tho total oonductivity. Ovor tho
ogoons, tho coon value of conduction curront in fair woathor
30 8,2 10'10 A/cm?o whilo ovor lond, 4t gonornlly wagloo
2eom 1z 10720 g0 4 x 20720 aea.



The valuo of alreocarth confuction curront ovoy
geocno, ap well ag over lamd ghoug diurncl voriationo
ilch aro noarly airror inage of tho diurxrnal voriation
of potontial ggrodionto, though with loos roanto of varice
t3on. The conduction current remnins conpinnt with
cdtitude,

I chould be notod hore that in tho otndy of
atneophoric cloctrioity , tho conduction current io oono-
fdoxod to bo noro fundanontal than potential gradiont.

I 1o boocouso of tho faot that it dopends upon tho total
potontial difforonce bBotwoon tho oorth and tho ionosphoxo
ond ¢ho columar rosiotones of tho otmosovhero. The loeal
potontial grodiont and tho conduotivity hap 1ittle offoect
¢n it and thoxofore it is lean sudjoot to warlationo
cpioing out of local eonditions. Tho loeal conductivity
ongfocto conduction curront only to tho extont, that 4%
changen the columnar raoiotanco. Thuc, in otudioo of tha
tozld=uidoc nturo of atooopharic olactricity, conduction

cugront can give bottor unifornity to rosulis.

Duc %0 the unovon diotyidbution of opaetw-chargo in
tho notmoophoro and high turtulent diffuoion coofficiont Xk,
omy poro eurrzomt, diffucion curromt iy , cloo nonifeoto
8%c0lf in tho atmopphoro and 1o givon by

™ Wl ﬂ,o
1& - ﬁ-. *o ‘9)

g

2083 p 40 tho cpneo-chorge donsity.



Alpo, due to tho hoating of tho earth curfoco,

convoction cugront 4, floug,

4 @ PV . (20)

vhose v 40 tho velocity of convootivo tranoport of

opoaco chargo.

Thug,the totol eurront in fino wosthor may bo

roprogontod by
3 \
Imi“ﬁ‘id*ika E-kg-#ﬁv ve (31)
‘ 8
The nvnitudes of vortical compononto of 14 ond

8y, ore, of eouroo, vory emall compared to i,
UL GATIRDIAUGE OF EARRI®S CHARGH

It 0 cleny fron tho diroction of flow of esrnGuetion
enyront in folr voathor that it bringo pooitive chorgo So
ooxth wvhieh ochnll, ovontuolly, noutryralico tho bound nrogative
ehargo of tho carth, (alculations for Kow ohow thot tho
pooitdvo chargo roaching 1 n? of oarth choll noutenlico ito
aoxativo chagzo in o poriod of chout 48 nimtoo. Thio ¢timo

wodueoo to ohcut G nirutoo oaly for soa curfoean.

Dat iaopito of 1%, tho nogativo charzo of tho oorth
calataing and geecaino £ore or aoo conotont, Tho foot ONtoe
£otdenlly cugzoots that on oqual cnount of noxotive chorso
0onid oiulscnoouoly bo ounplicd ¢o carthy Shoough 0200



othog port of thoe oarth,

0 onplain the anturc of thic *ounply curront?,
aiggor nt thooxioo havo boon put forwvard in ohich tho
oouzeo of cup My curront has varied fron torrootrial to
oageatorrastrial ona. Howevor, the thoory,prapocod by
Qﬁ!oana,hac found tho common gupport ond oxzplaing nearly
0d) tho oloetricol panifeotations of tho atnoophox,
Uiloon conoldoro the asourco of oupply curront to be in
thundorotorng. In thoso rogions of the earth vhich axo
dioturbad by thundorstormo, tho charge can bo carricd to

nad gron tho oorth throupgh folloving moans

1) Conluotion eurront,

14) Point-dicchargo currontno,
141) Psoeipitation curront and
iv) ILishening dicchamgoo.

Aghovth, 1t 40 wvory diffieult to havo on ootinnte
o£ the not balonee of chnygo on tho corth, avdoing out of
gho eonteibutisang nedo by thooo fouy ﬁifforon% ngenceion, yot
attoopto havo boon nade for goma arcao of tho oarth and of
tho corth an o wholo too., Tho rosulto, oxpoctodly, difcor
vogy rueh, Ao an oxonplo, wo give data of Gbgzalls fowikng

07 czon of Codeidge an boloos

Corduction curront + 30 C
Point=d4ocharza

currando ~100 ¢
Poedndtation curxont ¢ 20 0
ListRaing eurront - 200

2otol = 40 G/~ your,.
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Uaking ncasurenents above thundorstorms, Gish and

Gaﬁ%a

have found tho average current of the right oign

o % 0,3 - 0.0 amp. por thundoratora coll, [ow to conponoato
tho toteal eanduetion current of 1800 amn. in £ine woathor,
tho above rato of curront from thunderstorm, necds aboud
3000 - 6000 thundorstorm colls ovor the vholo carth. Braoko!
aotinates about 1800 thundery oftuations oporating ovor
oopth every tico. Considoring tho ooch thundorastomm to
sonoiot of nhout 2.3 ¢olls, the nunbers ney bHo conaiforod
conparable, Tho data i{o very rough and largo dovistiono havo

boon reportod in some capen.

Pron the above theory, it is clecar that tho potontial
‘@4fforence botucen tho oarth and ionoophere and thuo potontial
grediont, 1f columnar rooistanco romaing constont, should do
naxinun vhon tho thundorotorm aetivity 4o nanirun, ¢ hap
boon faund to bo really co. Tho diuvennl variction of aron
govored by thundorsotorasc ovor the land arens of tho carth
roportod by Uhdpplo and Serasaa. io oinilar to tho diurnnl
wvariation of potontial gradient ovor goa. Tho poercentoge
varintion about thedr ncan valuos and tho pooitiono of nmiina
ond nininn ox0 in clooge agroenont in the cncon, The thooxy

Rao beon confirmod by othor obgorvationo t60,

Thao, tho total cloetrical pleture of tho atneaphora
0oy boe visualined in too wogions, ono io tho rogion of
*gonoration® or disturbed woanthaor sono and tho othor tho
vogisn of ‘esncumptiont opr fair wonthor scono, Tho two ropdonn

a5y Just two eonpononts of o circuit an? o full hnovlodno of
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both Sogothor 10 nocespary to undorstand tho eloctrical
pEoOGa0ces in aSnosphoro,

UDSRRAIN VARKATION AD PIELD NIBASUREIIEARS OVER OCBANS

Tho proposed thoory of naintonanco of oarths
ehorgo ouggooto that the potential gradiont at sarth surface
ohoulé vary,if columnar rosistanco remains constont, Qccord-
inz t» tho chango in potontial of uppor atmoa-hore. Tho
e¢dition of conétant colummar rogictance 1o noarly satiofiocd
ovar oceans vhoro thore 1o no pollution. Ehuehlyg. £irot
ghs7o@ by tho zeoulte of 'Coarncgio! that potontinl gradiont
ot occon chowo 0 oinglo poriodde diurnal variation with ito
nintmm at 4.00 67 and naxirun at 19,00 GiF, Thio hao
fuzthor boon esnfirmod by necsurcmonto on the °Horison? by
Ragtondborg and ﬂolaorao. Mocupomonto at polos vhoro ooxth
AC eszvorod with thiek chooto of oaow, and thuo no quoontion
of podlution aziocoon, aloo gho oinilar oinglo periodie
voeintion whon thoy are adjustod on 6'F opeclo. Thic variction
of potenticl geodiont dopleto tho *baocie otato’ of atnogrhordie
oloetriecity ard io givon tho nono of 'Unitary Variation?,

An intoragtin~ rocult wag riven by Pagnuonoffai vho
collactod data Lron 80 continontal nonwpolar afations ond
oszontod thoie potontirl grediont voriations cecording ¢o OIT.
"0 mon vardction of thoco ototions vhich cloorly moutraligoo
tho loeal tirco variotionn of individual stationg, wac found
0 B0 in agpocoomt with tho unitary vapriation over oeonnd.
Thrt noano that unitary vericrtion ic nloo o ecaponont 22 tho

Qluganl variaiion of 1oad arono.
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ICHAIGE LWDR AUD PIBLD IMBASUREIIZIRS AT LOUTATUS

B0 ¢o haating of ocorth curfaeo , convootion curponto
ozma oot 4n tho atnooHhoro which rooult im vortienl nining of
cugfecl alx, co a recult of vhich lono, muelold, duot ote. 40
earziod up and 4ioporcod in uppor loyorn, Thic unotndlo
ctooopherio ogtratificntion end corroosponding roarromsoront of
tho air loyors givos rico to tho phonocoma of vorticol atnoo-
phorie maoo Ycugtauoeht. The actual vortiesl dopth of
‘cuotonoch? 1o govornod by local eircunsctcmacn, tomporaturo,
wind ote. Th? »ogion, undor tho offoet of tho cugtaunoeh offocst
40 hknovm ao Oxchongo layer and gonotimos it ponetratos upto
23 kno, Howovor, 4to dopth 1o gonorally oztondod upto tho

altitude of Scapornturo inworoion,

Althcugh 1% L0 puroly a notoorologieal phonordnon,
<ho onchongo leyor plays a vory ioporiant rolo in govorning
tho ocloctricerl nanifoototionn of tho lowop otnoophoro at
1ozl gtationo. Thoe valuo of potomtial grodiont and %o doily
cnd goaconal voriatisng ot 1lomd otations, awpo groatly affactod
by ¢tho donth of ¥ho ozehrngo layor and ito variation with timo.
Tho oignificnnco of tho pradonincat role of tho ozehanye loyor
%o axfoet €ho olaootrie~l procoscces lioo in tho faet that booidoo
chaping tho loral conduetivity, 1t conoticoo alse algtors
$o ecolurmar zooiotonee of tho atcoophoro.

Inmdorooting roculdto hovo bBoon givon by como 0f OZPOTw

docato ono om tho topo of nountaino. Ioresl, ot al.zg

’iﬂ
{082 nono ooonto of potontial gradiont ot Swgopitoo (9900 n)

gunagraujeah (3470 o), Lound that 4to matumo of d-~4ily v-ziation
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2ooonblos $5 that of ocoan in autusn and to that of iana
otations in cuanor. Tho results ean easily bo undorotood
in tormo of ozchongo layer. In ounnor, the dopth of oxzchango
Layor oxtondo upto tho top of tho mountains thile in cutumn,
tho oxchang 1layor wonmaino confinod to tho altitudoo

lo-or than tha otrtiono,. Iarn6113

also found sinilar
variotion of potontial gradtont at Juangfroujoeh (3470 n)
ond Sonndblieck (3100 n), about 400 Im apart, Howeovor,
ﬂnazntiid warking ot (7t, Hiof (880 n), rolstively lov
adtitude, finds tho nnturv of potontial grodiont to bo
oinilar to that of lond stationo in all oceasons which
indicatos the ponatration of nountain'a top dy oxchanzd

1‘18 neacurod

loyor in all pgeagonn. Sagalyn and Faucho
olcotrical eonfuetivity and largo ion contond in and cbovo
tho oxchemgo loyor, with tho holp of an aoroplone. Thoy
gound an drpogular dicteidution of largo iono inoide
ozchange loyor omd a doercaso of munbor of largo iono above

HAAN

Tho offoet of oxchanzo layor om pozanticl gradiond
ouprosoes %o oxiotonge vory nicoly in tho macouronmento of
altitudo variation of potontinl grodiont and conductivity,

g Vonkitoahaaranla, Vonkitoshwagan ond Huaaagl?. Roonigogold
19

and Storglo ot al."".

18

CRACD CIATOLS I PAIR AUD DISTURDED UBATHER

Tho donoify of opaco chargo 1o roprogontod by tho

A4gforoned of pooitive and negativo fono in o unit voluco.



14

3. The

130 average valuo at land amounts to about 67 o en
eongo of opaes chargo noy bo wido.gprend or puraly local,
Acong nony progogoes which may produco opacoe chorges
oloetrodo offoet, point diachnrge, lightning, dlowing duot,
bloving onow, induatrial worko, oplaghing of rain, drealt-
dotm of inoulationo, petrol onginos, smoko plums and houooe

hold £iros, arc some of thonm,

Tha opoce charge of tho atmogrhors has vory cigne
i2icant offoeto in atmoophorie olactricity in doth-fair aond
ddoturbod wonthors. Convaeetion thoory of charge oloetrification
in elouds, pronogod by Vonnegutgo. is totally bngoed on tho
anture ond nognitudo of atmospharie spaco chargoe. wouromontg
of tﬁhloioan?i»ana hitlock and chalmaraPQ ochowr that folir
woathor varintions in potentianl gradiont at lend aro eoucoed
by tho proconeco of opaca-charzo pockets. thilo tho later hao
ealenlated the oico and hoipht of aopaco-charzo poekoto Lrpom
moacurenenta by two £i0ld-nillo at a distonce apart, tho
foror hoo nndo moasuromonto at the Sourcoso of opaco chargo
oxigin. A knoolodgo of offoctivo arca of gpace chargeo vhich
choll dopond upon tho relaxation timo of the atmoosharo, can
givo up dimonoiono ond dynamics of theoo spacow-chargce pochkoto

and algo of tho alr raogcoo,

Ghalmogags obporved nogative fioldo in nist ond fog
% ploeoo Gooind tho overhoad oloetreic potror trcnoniooion
14220 and attfﬂkutod it to tho insulation drockdowno in high
bradddty. :t:;‘iholoison?4 found nogativo spaco chargoo in £oz and

B

poaitivo at ¢ho tino of ounrico. Aﬁkinog mporto lapgo



vaorintiono in opece charge densities in fair wonther
ond aogative gpoee charges of upto 600 o cd"s in mist,
though with pocitive potontial gradionts.

Tho oimultaneous meacuremento of potential
geadiont, current donsity, ion concentratfon and gpaco

. o
charpge donoity at land and sea, by ﬁﬁhleleen’e

¢ indieato
tho pragence of clootrodo offoct. Crouiar?7 findo poofitiwo
opaeo chargeo of upto 4000 e~ca‘3 for wind epoods bolaw.
i o/ooc., upto G dayer of hsighﬁ. 80 em from grounad.

BEGBOEIOIGBG

hoo reportcd potontial gradiont fLluetuationo
ot digforent baighto duo to spacs chargos produced by

notor onglneg,

I¢ io ¢ gonoral practice in atmosphorie cloctise
ficity that tho total potontial difforonco botwoon tho
carth and tho uppor *equalising loyor? fo ealeulatod
£1292 tho alm-007th curront menourorants at ground, taling
tho cocumption thot valuo of the sir-carth curront rooaing
sonotrnt with hoight. Tho meoouroront of Sogalyn nnd ?oueharﬁs
nowovar, contzediot ¢tho foeoibility of tho sgcunption 4n tho
lowor loyors of atmogshoro, In thoir oxporionto, thoy found
thet vorticel ¢ranofer of spaco chargo by turbulont diffuoion
in tho lovor loyors of the atmoo~horoe causoo o gonvaction
careont in cddition ¢o tho uoucl oonfuetion curront. Suppos-
in7 thoro 10 on oxncose of positive opace chargo nodr tho
aouthy then tho oonvoetion curreont ohall carry the pooitivo
1220 in upward Airootion 1.o0. oppooite to tha? carriod by
2odg woathoe esnduction ¢urront. Tho magnituds 2£ thoe

convoetion eurmont nry 09208400 bo cnual ¢4 ¢hat of ernfuction
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ongzont. Thug, if tho conduction current is to do the 1'8
ooy ot all lovols, its mognitude in the lower layors

caot oxeced that of the convoction current, to mallify

4%, Thorofara, tho moasurc-onts of air oarth curront ot

geound cannot pive the true absolute value of conduction

ougront., Rroatoodlsd

aloo noticod prosonce of eonvection
of ponitive chargo upto o lovel of 15 m, Potentiol
grediont vnrﬁnﬁionn of nnaso 0loo noed the progonco of a
convoction current of the ordor of tho conduction current,

tn b0 oxplainod.

Rocontly, Bont-aud Hutchinsonai havo neaouraod
opaeca chargeo ot 1y, P o and 19 n levels and found that
opacowcharge econcontrations rango in dotweon ¢ 400 ¢ cﬁ‘sﬁ
ThoRO wan no n@preciablo aifforonco in thoir cooourononto
at inand 2 mut opace chargo donoity at 12 o waoo found
to b0 puch noxy than ot 1 n and of tho gonw oign as tho
potontial grodiont. Poosible oxplanntion of thoco spaeo
chorzos hag boon givon in tho phonomonon of olocetrodo
effoet. Thoy aloo oboorved nogotivo opaco charge in and
ageor the mist. Simultancouo mInouroments of cono metooroe
1c3ieal olormonto in thoir oxperimonta and tho oinilarity of
tho pattorns of spaco-charge recordo to those of convoction
c0dlao, gives oomo oluo aobout tho couco ond trangportation
of OPOoo CRAT(RIe

Bont ot al.>°

hao found pnace chorpo during o
thandoeotorn and attributo its cauogd to point Alscharpd,

peofuged by c970 noardy ¢roop in high oleetwic fioldo, Tho
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peaconco of nogativo oepace ehafge at 1 n and 2 m over tho
polsing onow, Gvon whan wind opocdo woro as hisgh as 10 n/cae.
hoo Boen notiedd by Bent and Hutchinoonssg vaieh indfieato
¢ho production of charge to be elooe to tho carth surfaed.
Euwunasﬁ hao colculatod thooretically, tho roldtion
bYotueon £1018 and tho space charge near tho ground, taking
into account tho effoct of oddy aiffhuion. Fron thoir
ealculations of vertieal dictribution of space charge in
tho oxchango loyor, thoy have;aiaé ootinated the height of

oznchango layor with tho holp of the data obgorved by thom.

Iaraﬁlss'han gtudiod ghort toram fluctuations {.o.
odoetrical agitation of tho atmospheric ocloetrical elomonta
~ond their varfationo with timo. Those fluctuations are found
to b0 duo to tho spaco=chorge trangportation by turbulons
¢0dlo in tho atooasphord.
ggi;svgﬁgggﬁ%&ﬁg% !gg’r;ﬂﬁnh AND ARTIPICIAL

Diroct and indizxoct noasupononto hovo now woll
confiyood tho £oet thot thundorotorns and clowdo ean to
¢zontod ao ocloetrical dipoloo with ponitive polarity 1.0,
pooitive chare upward and nogetive dounward, and a pogitivoe
chnge poeclot at tho bottom. Tho eloetrical £lolds inscido
thooo clouds axa vory largo, comparod to faly woathor
£40do end whon thoy boeono ioo gro~t, lightning diochargo
¢clzoo placo and 1% dostroyoo tha oloetrienl nonent 6f tho

clcuda, "ho ologtrical chargeo are agiain gonoratod ond
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oloetrical nomont is buil%'up. The gonoration of chargen
nay bo oxploinod in both-wara and cold eclouwdo- by 4fffoxont

pochanions vhich have boen discuoced critically by Ramza

e:ﬁ—&asﬁguaga?ﬁ

Moctzical fiolds at earth surfoeo undor thundor-

eloovhexe and ohall not bo givon hero.

ptorns and cloudo, are very large and vary vory froquontly
g£eon pooitivo to nogative and vicowvorsa. The oloctriecl
gio0ldo, oopocially in tho neighbourhood of obarp pointp
gaicod adovo tho ocarth purfaco, bocomo oxtraordinary high
ond 00 a reoult, air round theoo pointa io fonigoed by
donioation duo to0 collipion. Tho fona of the algn of tho
potontisl gradfont arc attrocted towardo tho point and give
oo to o curront through tho point, Tha magnitudo of thio

curront is comtrolled by oloetricsl fiold and uwind spood,

Tho phanononon of point diocharpo nay occur at
osoetad motnollie pointo ao well as at trooo ond othar charp
poiato raisod abovo the oarth curfoco. "dlmarp dnd cnulnarasv
ond chnlnorogg°ag hnve noeourasd point-diceharpo curranto
thwough traco ond otudiod tholir chornetoristics in chorizing
oﬁﬂ dicchorging prococsos. It 1o found that tzoos do not
bohave ao olaple resistivo pointo dut aect ao o paralliod
2ooiotanco-conacitance eircuito with o tine conotant of

oloue 90 socondo,

To otamt point diochargo, a cortain oritical £iold
voduo 4o nood2d bolow chich no point diascharzo ocourc. =ho
voluo of thioc oriticrl £4i0ld dopondo upon tho hoight of ¢ho



| 19
Foiag, shaps of tho point and distance detwoon the
zoigbouring rointo. It also diffors slightly Lor tho
tue dlfforent oigns of tho ficld. tho justificotion fLor
tho variation of eriticnl potontials moy bo osught ous
by econoidoring the concontrotion of linen of forco at tho
pointo and tho corrcoponding seccoloration in voloeity

0f atnoopheric fonz round the point,

Onee tho point dischorgo hao started, its nognie-
tudo and pign ig dotarmined by fiold stronsth and wind
opocd at thot placo. In our oboorvations of point.
dioehargo cﬁrront through o charp axtificlnl point, wo
0Gd an ediitional foctor of rate of chango of oleetricol
£801d-changog, to doternino tho both-magnitudo and oign-
of painﬁ-ﬁindhargd currant. Go differontiato botweon olow
ced Loot fielamchdngno Lor thip phononenon, Ly faot £4801d
chonoo wo rocn, tho chanzoo caunod due to lightning
@cehargoa.

- PAGOTTY RESRARCH PIOJRCT

Ua bavo goon thot motoorological erndi¢ions of
tho atnoophore havo tholr lorge effocto in rodifying tho
valto ond 26do of varictions of tho atmoppherie oloctric
odo-ends. Tho dovolepzont of oxchange layor, which io puroly
O nofeorologisctl randfoototion of tho lowor atnoophord,
Boessoo govorning Loector of tho olootricnl cloconto ot land
o8ctiono and oftontinos %o offoet complotoly ovorohodero

tho o2foeto Co to variations in notontial of tho f0mH07010,



Potontial geodiont 18 ono of the main electrical paroe
notors which undorgocs large short-, and long-time
veriotionn duo to throo loeal notoorologicenl conditiong,
Bohind thoso variationo of potentinl gradient lies thoir
conoe of variations to bo in chonges of conductivity

of the atmos-hero. This change of conductivity, as wo
bavo soon, ogain deponds upon space chargo and nuclod
content of tho atmoagphoro. Uhatooover be tho cause of
orizin of tho space chorge and atmogphoric nucloi, ono

Shinz is voxy odviouo that tholir transportation in tho

. OSmoophore Mot bo affoetod by wind, Thus, tho diotpi.

bution of opaco charge and nucle! and thorefore, potonticl
gxaﬂient ond itc variation should have corrolationship
with the wind opood, The otudy of thio corrclation hao
boan ono of sur problomoc in tho prosent ropoarch prosoﬁﬁ.
o haove gtudiod the offoct of wind on the diunrznnl and
ganoonal variations of potential gradient cnd alago on

the clootrical agitation of potontial gradiont.

Tho £9llowing motooralogical and olactrienl

paramoters havo doon rocordod in our ladortory:

1) Potentiol grudiont ot carth surfoco,

i1) Pointedischargoe curront froa an icoleted
chogp point,

118) Uied opocd,
iv) Atmoophoric temporaturc, and
v) A¥coophorice rolativo humidity.
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Pirst three paraonetera have deen recorded ovor a
opan of ono £ull year (iay 1966 to April 1967) whilo tho
oot two have bBeen recorded for four months only (Jamuary
2o l‘ay 1967).

The offoct of wind gpoed on point-diacharge curronto
hro boen our gocond problom of study in thioc project.
Dogidos otudying the slow changes of potential gradiont
ond corrceoponiing pointw.dischnrge currentg, their sioule
tanoous valuoa, along with wind opocd, in very rgpid ficla-
changos havo oloo beon studiod. In the study of point.
discharge currontn in thooe rapid changes tthieh are cousod
by 1lightning dischargos, o nevw phonomonon of ‘excess pointw
Ainchargo® current has beon digecovorad. The phensnmona hoo

boon glvenAa thooretical explanation,

The curmary of the chapters e givon bolows

fhaptor It Firet chopter giveo tho constmctional doterilso
of tha apparatus usod to r:ecopd the fivo
parcmatoro, montionod abova,

Choptor It In this chaptor, diurnal and peosonal vuziat;
fons of potsntial gradiont and tho effoet of
ind on thom, has boen studiod,

¢haptor IIl: In thio chaptor, diurnal and ogoaoonal variations
of clootrical ngitation of potontial gradiont
and tho offoet of wind on thon, hro bdoon otudiod.

Ghnptor IVs Thio chopter giveo the record of potential grod-
iont during o ocolar aclipso.

anpter Vi "ho~of£oe% of 2ind on point-2inchnrzo curronto-
Joth naocitivo ant noantivo.durl g olo £iold



Chapter VIs

changes hna beon studied in this chapter,

~ The results have been compared with those

of other workers. -

A new phenomenon of ‘'excecs point-discharge
current' during very rapid fleld-changes,
cauged by lightning d4ischarges has been
reported in this chapter. Its theoreticnl exp-
Janation has been given and the experimental
and theoretical values hgve beon compared,



CHAPTER I

INSTRUNRBOT S

This chaptor dooeribeo the apparatuo vhich has
beon ugod in the prosont rogearch projoct to record tho
atmopnpheric olootrical and motoorological paramators,

nentionod proviously. Tho detallo aro given below:

[ 4

1,1 INSTRUNET?S FOR ATITOSPHERIC
BLRECTRIC POTENTIAL GRADIENTS

{1) Principlo of tho Apparatun

For noocuromont of potentinl gredionts at tho
onrth'a ourf-co, thoro aro two main typos of mothodo 4n |
nooe In tho Lirat typo, tho potontinl of two ouch pointo
fo moacurod chlch are at difforont hoights in tho somo
voetieal lina, and oﬁn of thon ig uguelly carthod, Rudic-
oetivo colloctor, wator-droper and fuso aro gonerally
ncod oo potontinl oguallsora in thio'typo. Tho plow 00w
ponco and tho digtortion of f£10ld duo to fomic oluggioh-
nooo produend 4n the atnosphore, demorits ¢hip method ¢o
ta dooirablo in gonoral.

In tho cocond ¢ypo of mothod, bound charge at an
dpolatod aros of tho corth'a surfaco 1o moncured with the
kolp of diffosont f£i0ld maehinoo, Tho bound charge, being
pgoportional to tho oloetric £101d, gives tho valuo of
potontial gerdionto diroetly. Thooe fio0ld=rachines waleh
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823 baced on the principle of Uilsan‘eQO toot.plate nmothod
con furthkopr bo divided, on the basisc of their naturs of

catputo in to2 eategorioo:

1, D.C, fioldenachinco, and
20 ﬁ.00 inIG'mchinGa-

In D.C, fiold.machinos o ernductor io firot oarthed
and oxpocod to cloctric fi0ld oo that o charge, proportional
¢o tho olocetric fi0ld, is inducod in it, Thon tho earth
connootion 1o brokong the conductor Is brought undor a
éhiold and d1pcharged through o recistanco, The confuotor
io moturnod to its orizinal position and tho procesoo 4o
ropoated again and agoin oo that o continuouo goquonco
of unidiroctional oleoctrical puloes ip obtainod. PFroa thio,
tho potontial gradiont can be mdaocurod eithor in tho fom
of %curront?® through a low resictance or *voltage® cerocs
o high rooiotonco.

Thig nethod wao £4ret wgod by Ruscoltvert’l and
oinec thon, hrgo boon dovelopod dy cbrhnaﬁ and Halaerg?u
cottoﬁ3 0 Ohnlmoroﬂ6 s Vonnogut ot a1.45 and Konra ond

Vaznhnayagaa

In a.0. floldepachines tho conductor (uoually
enlled *otator' in infio enco) 1o hopt fixed and carthod
theough o high inpsdanca, This®otator'! is altornately
oznocod to cnﬂ ohioldod f£rom tho oloetric fiold by a ‘rotor'
Csving abovo tho otator with a conotant froouoncy. Ao @
socult an oldornating potontial proportionnl to tha £i0l4d,
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io doveloped across the high impodance. Thio alternat-

ing potentinl is omplificd with a tuned cmplifior, rooti-
gi0@ ond rocorxdod.

This %ypo, of courso, noelds an additional arronic-
ment to know the dircetion of the fiecld, Anongst othaers
vho ugod a.c. type of fiold-machines are ~Harnwvell and

Tan Voorhiaé?, mﬂckyéa, Van Atto ot a1.49, Gunnao. Smithpi.

Mplapon and ﬂhitlock52

otc, lingt of thom ucof difforont
aloctronic 2r mochanical dovices to £ind sut tho sign of
tho fiold , vaich have boen gurmnrigoed in tho lest rofor-

cnea and by Ghalmern&sq

(i1) The Agrimeter

The agrimotor, cmotructod by us, to noasura *ho
potontinl grodiento, 10 o de.ce typo of £2'clé-nachinoe ocnd
40 on improvcoont , fron tho point of viow of output
nagnitudo of tho oignnl, ovor those provicusly usod by
digforent woghors. It hag advantage ovor tho convontional
°£401d-01110? in tho conoo thot it givoo d.c. output and
¢shmo nooGo no additional xoctifior or phacowdiceriainating
Qovieca. Tho notyument s capable of oporating with otout
Sypa of rocomding devico without loooing any nocoooazy
fotnilao,

A gexcnntie diogeon bf the apperatun is choun in
2i3.1. Eight oilvered coppor plates P of dinonoiono
28n0n0.3 ¢i. cre £inod at equal dletances on the rino of
two poropox disco (Dy omd Dy) of zadius 12 en. and thielmooo
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FIC1A. AGRIMETER.

FIG1B.AGRIMETER EivU ON VIEW.



0 e1. Ia dotooon thoce 0 porspox diocs , three thin
obonite disen Dy, D, and Dy of redius 1? em. and thickneos
0.7 em, are algo introduccd ot oqual digtancos and the
coppor platog aro clanped with theeo also. Those obonito
disco avoid the bulging of tho platos in outvard dircetion
uhon rotated at high opoed. All those five 1fipes are f£imd
horisontally on an iron chaft which ia supporded by two
ball-boaringo fixed in two gtout iron pillrro outsido tho
poropox dioco. Thie shaft is rotatod with a é-n.y. notor

ot 1410 rov,/nin. To avoid apurious sffocto duo to vibrations,

26

tho chaft in rototod with the holp of pullios and belt arrange-

nont ao chowm in tho figuro.

Commutator C oconoists of oixtecon ogual coppor coctors

of droadth 2,1 ca. cach fizod on the rim of a porspox diaec

of zodiuo 6 en, ond broadth 2 one Each coctor 1o ooparatod
geon tho othor by o diotanco of 0.” om. ond 10 woll inguloatod.
ohio corxmutctor 4o fizod on tho yotating chaft just ocutsldo
tho dioe Dy 00 can b0 poon cleoarly in fig.l. Doch alRorymato
coctor of thig 1o enaxiclly ia 1lino with sno of tho pladeo P
opd io connoetod with it with copnor loado. Two agpring-londod
carbon buchoo By ond Dy movo on thip commtator such that By,
nolzes eontoet with o ocetor whon {to corfooponﬂing plato o
0% tho top cad io horigzontolly flat and B, touchos ¢hag
coator whon tho plote hog movod through 60° to tho vortical.
33 1o connoctod to tho earth and By with the meaguring

inotruanont.

“ho <holo oyoten end the motor 4o nountod on o hoavy
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izon bogoe of loength 738 co. and broadth 39 en. and io
covorod on tho four sidaos by woodon caoo of hoight

I3 eca. ?he uHnor covor of tho wholo aocoermbly io of
oluniniun cnd hao o olit in it, of longth 72,9 on.

cn@ broadth 0 ecn, diroctly ovor tho top pooition of
platos P cuch that tho dices Dy and Dy ronain chiodd-

0d. Tho wholo opporatus can be groundod,
(131) D.C0. Aoplifier

Anplification ig nocessary, if wo cvant o uso
cod ponerocopdor for pacording purpoco. In tho caso
of continuous rocording, tho otobility of tho omplifior
13 on ioportcnt factor cvhich muct bo lookod 4into
carofully. For this roagon we ooloctod difforontinl typo
of d.c. omplifior for cur purpose, Tho cirouit dlazgron
0% ¢hio annligior 1o ohoom in £1i.”. Tho caplifior 4o

0iniler ¢> ¢hat ugod by Ta:nraad

ond ucoo two 384 valvoo.
Tho poser wag droun Lron dry battorioos in oxdor to avoild
voltamo-variciion on tho plato ox tho f£ilcooat that ooy
gvontually ccnoo flucturtions in tho output. “o nvaeid
cry loakaogo, tho volvo bottong woro cloaned with othyl
aleonol and connoctions woro nade dircetly with tho pimo
of tho valvod, thuo avoiding tho uso of valvo baoio

tiadch nay de o caupe of loahono, The wholo circult wao

onslopced ia o motnllie box to cafonuard againot any
cpugious cffoects Lrom outoido.

o cutput of agrinotor fron carbon brusch Py 1o
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fod, through o coaxial wirs,to the amplificr. By using
differont valuos of grid-loak rosistancea at tho input
ota-o of tho amplifior , difforont ranses of nagnitudoos
of potantinl gwadient could bo ﬁndo to amplify linecrly.
In our onplifier, v uscd thrao difforont grid-lenlt ros-
iotances with values of 3,3x10%, 8.8x107 and 2,2x10" ohms.

Balanced-out plgnal £rom the amplifier ig oppliod
to an *Adopt* otripchart d,c. recordor with a range of
2 B mA on a 11 cm wido otripchert. The chart can move with
thwo difforant spee&s of ?, 5 and 197 en/hr. In fair
woothor, usually, the chart spoed has baon kopt at 2 cmn/h
while in dioturbod vesther conditione nthar tuo speeds

havo nlgo Boon used.
{IV) Zoro-ohift

To choek tino and to naintain tho gops of potontial
gradient, tho input grid of the anmplifior was oarthod aftor
oveory ono hour. To do this, tho following arronsonont wao

noad.

A moroury cup mado of porspox was £ixod at tho
Zzontbotton of o clockc dial ns shoom in £ig.2. The oignoal
£xon agrimotor was paoccod throuch o wire ftocuching ¢ho moroury
in tho ocup. Uhile the whola clock body wao carthed, tho
rorocury oo quito woll insulatod €roa it. Ghomovor, tho hours
nnodle touckod the morcury , the grid was oarthed,

It w0 obgerved that avon aftor nony dayo of conte

innsuo oporction, thoro was 1ittlo or no chift of tho coro-



1ino. Hovovor, it was oceasisnally checkod by plreing
en carthod confuctor adbovo the agrimotor ond cdjustcd

%0 coro, if m30d bo.
(7) colibration and Roduction Pactor

Ths apparatug was calibdratod by plneing o notollie
pAnto at a fixod 4istoneo over the agrimotor and applying
digforont potontials to it, with dry bdattorioo. Tho
corvosponding outputo Lron tho amplifior woro obaarvoé;
both with opon and clonod agrimator and for all tho throo

gzié-lonk yoglstoncos separatoly.

It 10 not alvays possidloc to install tho agrinotor
at tho oartho gurfaco and gome duilding's roof is proforod
for difforont rocoons. In such emoon, the purrounding
buildingo and othor objoets.affoet tho oloetric £i0ld vory
&ach ond oo tho ocloetrie £icld moaourod by thoe apparatuo
differo fron ito abogoluto valuwo. Thoroforo, hmowledno of
gono factor, to roduco the aoacnied valueg to thoip
abooluto nrzndtudes, is very n2cccoary. “hio faetop, uouall
Inmaom ce ‘mofuction factor', 10 gonorolly found by noking

glirmltanoouo neasureronts at tho placd of actual mingurd-
Coom® and dn o ground of oufficiont ontonoisn.

In oup cage too oinco the agrimotor was instolled
or tho top thﬁ:ﬂ floor of the Physice Dopari~-ont, plano
#oGuetion ¢ tho moacurcd potentinl gradients was nococoary

Fho £0llouinz pothod wao usod,

29
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A 8 poter long wire was otrotched one nmeter abovo
tho ocarth’o ourfaeco, in a ground. Thero was no dig objoet
logo than absut a hundrod petorg fron that plaece and tho
gesund vadornoath tho wiro hod no greao ote. ond wag quito
piono. A roddeactive coileetor ran £ixed in tho centxo
0f the wiro snd tho potential of wire wpno neagured dy a
qucdzant oloetromotor. Tho sloctromoter wop calibratod at
¢hat vory ploee by giving knoun potentinlote itas quadronto,
ith dry bdattorias, Might-tinme was colectod for thia
pREPOCO ainco. the potentinl gradionts ore rolaotivoly
otondior in night. Oboorvationg for one hour wore takon
at an intorvol of ono mimtce and conpared with the correp-
pording agricotor valueg. The nean valuo of voduction

foctor cono out to ba 0,21,

{UI) Zonoitivity of tho Apparatus

Uith opon ngrimotor, o £io0ld of 60 V/m gives o
dofioetion 92 1 cn on tho ptrip-chart whilo oith closod
oneinotor tho dofloction of 1 en moodo o £101d of 336 V/m.

Tho conoitivity could, hovovor, bo rodueod in vory
hich fleldo, uoing othor grid-leak rooistoncoon.

{VII) Porfomponec of tho Apparatus

Tho asrimstor hno becn onorating eondinuougly fovr
tho laot moro then 4 yo-r except on a fow ocecoiono of
uanvoidablo circunstancos, cuch oo povor brookdowomo, ow

tointontneo ohoching ond groasing ote. of tho pachino.
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In no voathor hog it shown any sign of its falling

- %0 posponsc. It has alwayo been kopt coverod during
paéioaa of procipitation. Doubts nay be raicod that
oboaite dioceo Dy DG and Db night produed o500 troublo
in rainy coagon by phortoning tho coppor plateg with
oach othor. The point wac kept in nind vhilo conptruct-
ing tho ingtzumont and to avoid ony such troudle, o
cnooth layor of paraffin vax was coatod on the rim
portions of tho obonito disco lying in batwoon two
emeccooive platog. Thio coating woo alse oxtondad to
thoco cdagoa of tho coppor plates which aro rooting on tho
cbonito diges, Thooo layors of wax do not lot tho folling
tator deapo otick on thé_curfaca, vhile the eonteifugal
forco cloano then off oo ooon ag thoy £all, The smoothn-
in7 of tho wam loyoro aftor obout a month hao oncurod
thnt thoro 10 no lrakage dug te ghortoning of the plertoo.
Tho agrinotor hro roopondod norarlly in tho hoavicot

zain and ovon in the folling hrilo,

Pizo. 3{c) and 3(b) chow racords of potentinl
cecldiont during falr worthor and continuouc rain roopodcs
tivoly.

It chould bo nontionad horo that tho prosont
inotrunont hoo ecomo o ito £inal chano oftor nony ¢eialo
cad neddfizationo. Proviouoly, a 'f10ld-nild? wao
aanntPuctof An vhich n palr of gquecdrant Cypd of vando
rotatod alon o vortical axia. Abovo thin prizr woao £imd
o oinilar pale of wvanag vihich was carthed, “hic f£icld

89

N33l wao of:dlor to thot of Terusa . Duo €8 loocor azed
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FIG3.A FAIR NEATHER RECORD WITH OPEN AGRIMETER ()
AND A RECORD DURING CONTINUOUS RAIN WITH
CLOSED AGRIMETER (b).
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of vanos baeing oxposed to the fiold, it wao not found
posoible to operate the reconiers with {ts -sutput in
1oy 240146, The agrimotor in ite final and procont
chepo givoo cufficiont output to furnich nocoooory
dotoilo uwith good accurzey.

lg? IRSTRULELZS FOR POINT.DISCHARGE CURKENTS

An artificial chorp point was oreetod above o
long polo to nmoasure point-diacharge currenta,tﬁrough 1t
during periods of high fiecld.Tho construction of tho
point io ochotm in fig.4. A 1.8 en long and of N.14 om
diocmotor, charponed copnor point A wap fimed at tho ond
of o 38.6 cn long nnd of 0.38 em diomater anaa wira D,
The wirona prooed through an ebonite eylindor P which
wao oncirclod by o 17,6 em long and of 4.8 en diemotor
cylindor of braos. To protect this cylindor Lrom duct
ond raiﬁ ono riore cylindrical eap D of brooss (of 5.0 en
longth ond 4,8 cm dinnoter) with an obonite overhond D
wao placed above it. The ovorhoad D heo an obonito gorsy
¢ ¢ faston tho oire B. Tho wvholo ocaoombly wao f£ixod ot
tho ond of o 4.2 n long polo.

Tho signal from wire B was taken throush o
ceanial wire and wao fod to o otrip-chort pon xocordor
theough o differential typo of d.c. anplifior. ~he
onplifier weg similar ¢o that usoed for tho caplification
of agrinetor'o signnl with the only differcnce of valuos
of tho grid leook reciptancoa. The difforont ronges of
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FIG.4 . SCHEMATIC DIAGRAM OF POINT DISCHARGER.




FIG.5. ANEMOMETER
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point-dischorgo curront wore divided on throo differont
grid-leak rooistancea,

Point-diocharge currents upto & 26 pA could do

neacurod using difforont censitivitios.

1.3 INSTRUMESTS FOR UIID SPEBD

A four-cup ancpomater was congtructod to moapuro

oind opood. The oina of the cups (dianctor = 20 on) fo

gxootor than uoual. A dynamo ig rotated through a goar
attached with the axlo of tho ancnoneter. The oystomatio
aéfangemenz is chovn in figure B. Tho dynamo is coverod

in on iron box.

Tho oulput fzon dynomo whiich o proportional to
tho wind opood, 1o fod through a eoanial wire to o pone

woeordor and rocordod,

" Tho nnoﬁomotor vac callbratod with o prossurce
typo of anonecnoter oiftuatod at tho ¢op of tho building
of @ontral DMilding Roocorch Inotituto, MWoszkoo. Tho
audput was found to b0 lincar for wind sp20do upto
58 m/h. Vind opscds ac omall no 0.8 n/o could bo moacuzod
ond wind opoad of 9.2 n/o gave a dofloction of 1 ca on
S rocordosms

1.4 IDOPRULITIE FOR TBEIPERATURD A™D
RELAIVE HUJIDITY

A thosno-hycrosronh hoo boen used to rocord
osragnhorie Scopornturo ond rolative hunidity. Poth nazoe-

o020 070 wooordoed on tha pomn choart,

L]



1.5 INSTALLATION OF THE APPARATUS

Agrimeter, point discharger, anemometer and
therno-hygrograph were installed at the top third
flooy of Physica Department. Point-discharger and
anenomcter were nearly at the same height and were
18,8 m high from earth's surfgce. Thie was done s0
%o have a better understanding of the correlations
in potential gradient, point-discharge current and
winl specd, The thormo.hygrograph was placed in an
especinlly duilt ventilated wrhoden box.

Recording syste= was plerced in an iron-mesh

cage at the second floor of the departuent.



CHAPTER XX

DIUITIAL ATD SBASOTAL VARIARIOTSOD
ATUOS™IERIC DBLECTRIC FIBLD

0.2 ITTRODUCR 107

Conpidoring tho atmogphoro as a dioloetric
botweon tuo plotogecarth and the upper atnosphers - the
whole atrmoophore can bo viowed ao a ophorieal condensor,
<ho potontinl gradiont in the atmoophore can be regardod,
‘gor 0ll praetical purposes, as vertical and con be
goprooontod by

BRo % v 'x) (2101)

. vhoro U 1o tho local opoeifie rooistance of the oiw,
V <the difforonco of potontial botweon tha oarth and tho

uppor ataooshoro and R is columnar rooistonco 1.0.

R jH va
=
2 h
Chose H Qo thcihsight of tho fonoophoro from aarth

curface.

Bq. (2.01) 1o bdacod on tho agounption that cll
chraneo proedod in quasi.gtationary mannoy 10. 00 olouly

g thelier worptiation nay bo conpiderod 0o o eanroetivo
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ocrdes of oquilibriun atatos. It can ba caleculated that
changoo with half-timo noro than half an hour ean bo
gogordod aos quaci-stationnry variationo and dhus can B0
otudiod with ¢ho holp of ogq. (2.01).

Potcntial gradiont undorgoes diurnal and ocasonnl
variotiono. At oceann and poleg whoro thore io no pollu-
¢ion in tho air, tho potontial gradiont undergecs o oinglo
poriodic variotion with 2 pinimun ot 04.00 GIUT and a
onzinum ot 19.00 aﬂr. Since ¥ and R at guch atationo
gcemoin conotont throughout tho day, the potontinl geadiont
varios paraldol to tho variation of V wvhich is govornod
by vorld.uido gonorating offecto of thundorstorm aetivity.
Ses it 10 natural to oxpoct that all tho variationo at
guch plagces chould occur oloultnnoously round tho glodo,
“ha eruiooo of Carnogio and Horigon have wall confixmod

thooe unitory variationo,

Tho diurnal variatibn of potenticl gradiont ot
1ond io difforont in bchavicur ¢o that ovor oecann oand
poloo ond 4o govornod by local ti-o and loeality. It ohows
bothe-ainzlo and doudblo poriciic~variotions and tho tirso
0of paxning and pinind oro governod dy local timo. Gonorally,
nosontial geadiont undorgoon o oinglo poricdie variation
in wintor which changoo to doudblo porioedic in guamorp. leTover,
0970 plaedo chov oinglo poriodie variation throughout tho
h10d0 year cood othorn Q doudlo poriodic variption in beth

caor an? gintor,



7 ond R ohould vary at land otations undor ¢ho
ofgoet of Gcvalopoont of ocustounoeh layor. Tho rxoletivo
vagiationo 08 U an@ 1, vhich dopond upon tho local
$700 ond local eircunctoncoo, give rico to d4ifforont
nedon of variantions of potential gradiont at diffaoront

pincoo. Iaraélﬁa

hag mapggooted tho otudy of wariation
of poarcontazc of noan valuos of potontial gradient,
inotoad of tha variation of aboolute valuog, to nullify

tho affoeto of varistion of V.

Co havo ctudiod , in this choptor, tho 4iurnal
and gaaoonnl variationo of potential gradiont at Roorkoo
{2e%1°m, 77°%03'0; 899 re. fron 1,S.L). Sinco tho wind
h~o boon fouad to havo vory pxodoninont offoet upon tho
natentinl grodient, the doya oith high wind opoods hovo
Doea coparatcd £ron {afircoathor Qayo cnd ¢ho rolaotive
Alusnal variotiono of potontial grodiont om fLainewocthop
dcyo, oxmeluding and fneluding days with high oindo, havo

bocn oxaninad,
D0 MGRIOD O SBLEGTING DATA

Houzly valuos of dtmoepheric cloctrie fiocld
Dowo boon ton $o otudy ito diuranl variotiono. 70 do
thic, ovory onme hour rocoxd hao boen norkzed ot oir plosop
c2d thuo @ividod into £1ive oquol popto 1.0. of 1P nimutan
ONGhe Avoxrozo valuo of potentinl geadiont®c valuop ot two
DAccoo bogLogo and thrao placoo aftor o papticular hour

~Avoe $ho honpdy voluo ot thot hour.



A\l Qays of tho yoar have been divided into
thgoo cotogorico, vig. fair-woathor dayo, folr-toathor
Acys dut with high uind opoodo and dioturbod dayo.

By fair woothor <@ moan, notooralogically eacln dayo and
with wind opoodo loos than 4 n/coc. To theco have alaov
becn addoed, dayo with somo light cirrug or cono fair
waother onall cumuli sloudo at gono hour of tho day.
Such cloudo have gonorally baon found €o havo no appro-
cioble offect on potential gradiont and thuo can bo
tzsgted as folr wonthor doyo without any orrer. The datn
62 dayo vith heavy elosuds, sueh as cumilus, otratuo
otraoto-cummlug otc., have been ananlyged goporataly ocnd

choll not %2 tokon in thie chaptor.

The munbor of doyo of tho throo difforcont cotOw
aorloo in digforont nontho of tho yocap ora givea in
Zablo I.

2.9 DIURJAL VARIATION

Pig.0 ohowg diurnal verintion of potontinl
gﬁmﬁienﬁ for Loir wocthar doyo at Moorkoo Cron [y 1988
$o fpril 1237. The follovwing pointo are notcvorthy:

1, Zhvoushout the ycar, tho potontiol gredicnt
undorooo doublo porigdio vorintisn with firot naxiomn
Dotooen 7.00 and 9.00 and coeond naninun in Botwoon
20,0 ond 22,30,

2, rning canicun £allo oorlior in cut—or oad

oesars 1ato by ohout Swo hourn in ointor,
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FIG.6.DIURNAL VARIATION OF POTENTIAL GRADIENT ON FAIR WEATHER DAYS EXCLUDING
(CONTINUOUS CURVES) AND INCLUDING (DOTTED CURVES) WIND- DISTURBED DAYC.



3. orninz nosttoun ig very rmach diffucod in
GUSOT 0.3, in June cnd July, btut beoomaoo olpgnificont
ond {oolatod in wintor. The socond paximum olooe gatno

onplitudo £2on ourmor to winteor.

4. Porvcontage variation cbout moon valuoo o
noro in ountor then in wintor o.g. 4t 80 77 / in

Jormary and 88 / in June,

8. It 19 very clear fron tho rocoxdo that
vagfationos oso zore rogular in vintor than im cunnew

ond thoy tond to o nmoro dofinito pattorn in wintor,

2,4 BEPREC? O TITD 071 DIUMIAL VARYIAPION

Dottod 1ins in fig. 6 chows diunrnnl voriation
of potontinl gradiont in roopoetivo oontho on foir
waathor doyo ineludin doys with high wind onooda. Tho

gumdor of ocush days io chovm in tanlo I, o caech fuind

Aicturved dogyso', co we pohall eall thon, ©Or0 procont in

tho montho of Soptombor and lovonbor,

I% 10 eloar £ron tha zocordo that L:iny oind
sonds ¢o0 redueo the voluo of fairz-conthor patontial
a&eﬂio#t. In ¢ho aight ond gorning tho veriation of
podontinl grolicat on Qayo, with r2d withoud Glndso, 40
noagly sinilcr cnd como im negnitude, Zut in tho noyan
240, whon B8 windo Cororelly provail, the valuo »¢
| poteontial gecdtont loworo dovm whon wa ineludo winde
Adoturbod adsyo. In cono enosn, ~onarally in cucorw, €0

Irine Boetnos oven nogrtive cnt o rot o donsascion &n

40
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797n tine. Such negativo 4ipe are vory cloaxly ovidoad
£230 Podrunsy to Juno in tho figurc. In tho ovening anain
S0 potonticl gradiont attaino tho samo valuo o on

Loin-voathor ays oxcluding wind.disturhad dnyvo.

It koo b;en sbhaoxvod that wind roaetso on potontial
gradiont noro prodoninantly at high tompercturoo and in
Guoty weathor, Tho samd wind gpood which neltoo tho potontw
inl grodicnt nogative in noon timo, doog not affoet to
¢haot ontont at aizht or in the morning houro.

Sono eroog of individunl day's rocordinno of
potontinl grodiont ond wind opood oro ghomm in fig.7. ho
lsvar portiamp chow tho gimultancous rocords of tomporaturo
ond rolativo Dunidity. Tkoco Goyoc woro othorviss falrp
ozcopt hich vind opocdo 4m difforont houro o€ thy Aay.
(hczover tho wind opood ozeoodo about 4 n/coe, tho potonte
1nd grodiont doerncoos. At high tcoporsturoo ond 1o Imnid-
45800 in tho moon timo, tho offoct io vory opoetasulor,
Tecordo of 7?7pd Fobzxuarxy 1007 40 vory cueh notovortlhy. Oa
thio doy otmans wirfo eontinned chroughout tho oy and
alsht, Moat of tho tico tho wind opood wao groater thon
4 n/ooe ond oo tho potontinl grediont ronoinod nogntivo,
giving acgativo 4ipo for ovory corregponding dish wind
0paod maxiran, In tho lato ovoning ot about 172.70, thoush
wiad opocd 2o otill quito hish, Auo t2 looring of thoe
Sozoraturg, tho potcatinl gradiont boeosd peoaitivo,.
Goomrriosn of digforont roeordo orzuo Rt 239 pateatiod

czdtont 8 M mgutivoy geentor wlnd crno2d Ar noodeld
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during night tize than during day tico.

2.6 O0BASODAL VARIATIOU

Avoroge voluce of diurnal variction of poton-
tinl gradiont in folir wosther woro e¢olcul~tod for sunmor
(iy to August), EBquinoxos (ltarch-April and Soptombore
Octavor) and Vintor (Rovember to Fodruary). Those are
ghxm in £ig.8. Dottod 1linos ghow tho corroopanding
variaotiono for days including wind-disturdbod onoo.

The ovorago moann valuo of potontial pradient
at Noorikee in foir weathor 10 48 V/n in summor which
chonges to 74 V/m in wintor through 88 V/n in equinoxes,
Tho total meon value i5 89 V/m,

A conparigon of tho tws curvos in throo Gif€-
aront oonoonn gives g2mo of the following inportant

goncluoionns

1. The varioction of potontial gradioat in night ia
gintlar in both ecaces but polentinl gradient docreacos and
bocanog nogotivo in noon hours whon wo ineludo wind.'iiot-
uztod daya.

8e “ho oind roocto on potontinl grodient carlier

in cummer than in winter. In ousmor, the valuo of potontial
grodiont beging to doviato £xon noan foirp-woathor veluo
£rsn about 7.07% wnilo thin timo ohifto to 2.00 in oquinones
and 0 10.00 in wintor,

3. In tho avoning tho effoet of wind oads oarlier

42
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in ointor than In sumor. In wintor the moan fairp
wonthor valug is attainod at about 18,00 thile tho

offect of wind continuns upto adout 19,00 in ounmor,

So tho total braadth of tirme in which wind
raacts on potontial gradiont is groator in summer and

oos in uintor.

4. Valuo of potontianl gradiont at night ts slightly
groator for foir weather days including wvind-dinturbod

deyo than those of only foir weathor days. This grootor
value by the dotted curve ic attained poonmor in wintor

thon in ousdr oo con be geen in tho figure. The natuin
of diurnal variation for tho poriod of oquinoxos io

F P penpey F Wy e — E v oy IO N R
&uvusmua.uuv UQUWVII bllﬂ DIRTETICT &7 a-uu W.I.LIEUL v:.u.a.n LAFLLO

and ooll zoprasonto tho swritchovaer Lrom one ceagon to

othor.

Anmunl variotion of potontinl gradiont in failr
woathor han boen chotm in fig.?2. Avorngo valuo for eanch
nanth hoo boon enleulatod. It 15 cloar that oveorago oon
valuc of potontial gradient in £air woathor, oxcopt for
thoe month of July, 10 omallor in summor and incwonoes oo
T2 pooo on Souards wintor. Tho abnoraal ineroaso of
potontial grodiont £opr tho month of July, howover, 40
quito ourprioing.

2.0 SUDRISE BPPECT

I3 hro doen notod that conductivity of the atnog-

P00 1o nozirmam in tho oarly morning and doeroagos coon
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ofter ounricos correspondingly, tho potential gradient
inexrcages {zon its ocrly morning valuo anrd gives a
coznimun ot gbout 9.00 ao 4s cleor £ron our oboorvations
0200, Eﬁhloacongd haoc zocordod potential gradieont olong
with othor noteorologlenl parcootors at difforent plaecs
oith varying degroes of pollution and givos ‘evaporntiont
ﬂﬁo to rige in tempoaraturo, as 2 possi~le exuse of thio
" pogning nandmum or *ounrico offoet!, ao it 4o gonorally
Imoon. 7ith ¢ho holp of oxporimonts at fisld aond n
lnboratory, Miihloiscen hags ghoum that tho effooet bocaaéo
otTongor whon rolativo hunidity io chonging Zast and
tho contoat of condonaoation nueclol io high. Howevor, his
ozplanation of ovaporation ap a possidle generator of
nogative charge is only hypothetical and connot havo o
gtrong footing unloos tho oxtoet noture and mobility of
ragetivo chnrgze earriors io kmoon.

Oganugs givooc o vory intoxooting mooult aboud thio

assning ocandoun of potontial gradiont in hio obgorvotions
ot Ryota. "0 woports that the dooronso in canduqiivﬁty

onrd thuo inozcaso in potentinl geadiont utartn'avon Boforo
currice. Ho arguos that the inemoaco in condonsation |
melel duo €0 hunan activity in tho oarly corning, cad

Aot the suawine, ioc tho eoucs of this oorning nanirun

of potontial grvadiont Ogorm furthor polinto sut that £xo0
emvoction by itcolf eonnot inercace tha potontial gendiont,

‘Ue howo otudiod tha occurronce of thio norningz

conimn of poteontial grodiont £ our recordo of OR3 JOOT.



‘ 4
Aecording €6 our observctions, the stateaent of 5
Ogawa'neeﬂa oomo floxzibility. It should bdo omphasigod
hogo that ineronge of temperaturxe undlnot the ounrico
ao on intor-torrootyrial phenomonan, fo tho ecruco of
£roa convaction which nay affoct tho conduetivity op
potontial grodient. So, the time of inercaso of
potontinl gradiont should coincido with tho time of
increaao of tonmperaturc and not with the tico of ocune
rico,. Actually, tho atmoonheric temporaturc bogino to
inerenge s20what oorlior than the sunrice ani that

porhapa, has deen ignorad by Ogorra.

7o have plotted tho timo of beginning of morning
noaxioum of potentinl grodiont by pointo ant tho timo of
woaching ito monimun value by croocoe in £1z.10.7Tho ¢ime |
of ounyico choum by esntimiouo 1lino, lioco in boetwoen the
%0 and doos not soom to have any offect, ao pointod out
by Cpave. Pia.41 ochoop tho timoo of begimning of inercoso
of potontinl grodiont dy pointo an? €100 of beginning
0f incrocce of tonmporaturo by eroosco for Lour nontho
oaly. I¥ {0 cloar £ron tho Liguro that tho two tinog
oro rathor nixed with oach othor, oo thot £Eoo convoetion
talch o aogocintod with rico in toonormturo, may bo o
paooidlo ecniso of morning roxicum of potontlal grodiont.

It o boon found that a ocontinuous pheot of cloud
in tho norning hours, without any orocipitation, cupproosos
0 occursoneo of noxning nnxirun of potontinl grodiont.

X2 hunon aesivity would hnve beoen tho ecouco of noradsn
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Dozdrun, thoro should have dbeon no such cupproscion

dra to tho choot of eloud,

Agnin, tho oceurrenco of norning naxicun hao
boon found $o bo vory gonpitiva to tho oind ayood,
"he maxicun voluo reachod and tho rato of eowing dova
of potontinl pgradiont dopondo very much on tho timo
of otart of wind and wind spood. Ao ohown in £ig.7{c)
whore wind esntimies throughout the whole day and night,

tho porning poxdicun o mi~sing,
2.7 DISCUG3IO]

Potemtial gradiont at thio ostation undorgess o
dcadlo poriodic wvariation throughout the yoar, whiceh 10
0 chnractoriotic »f land stationo. Ao vo know, tho
eonduct {vity of tho atcoophoro 1o influoncod by tho
mnbor of molel prooent ond profuction of muclai 4o
parimun {a tho oarly noming ond thoir dicoipotion io

ponfrun in tho aftornoon, Browm® ! *00

hoo tried to 0OpCe
vato tho locnl conmponont of tho potential pradiont £ron
180 world-uido vorfation and atteupted to omplain 1t in
tormo of coxo local phonomona. According to hin, tho
acubio.psricﬂic veriation ean b0 oxplainod oith o Pl-hcup
wave of loeol offoet with a manimun in tho agtornoon
Sozothor with a cuporiopocod ’ﬂéproaoion' in tho afionw
noon. Tho 24=hour oocillation hoo baon attributed to the
peofuction of ruelol and the doproooion $9 tho diocoipation

A2 muelod o deh roouls @uo to *cmolaceh? oﬁﬁaét.
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Ibrtﬁzaa bas given o gimilar axplomntion. Ho
atSributoo tho P4-hour oseillation as variction of
P=tho colurmar resistance-, and the deproosion to tha
chonso in local conductivity ot the plaee of meacurc-
nont. hile the latter doponds on tho local content of
meclof, tho former is indopondont of the diotribution
of the nuclei and deponds upon the total nunbor of .
macloi precont in n.column of unit horigontal orosse

goetion,

To unieretand tho naturce of atmosphoric oloetri.

city, tiihloicons?

argues the consldoration of theso
gonorators- (1) Thundorstom genersctor, whieh causcs
unitary variation, (i1) Bvaporation gonorator, which
io governaa by locnl conditions and is tho csuso of
local cooponont, ond (144) !mn-modo opace ehorgos ot
uzdan placos vhich are the causcso of eleoetgicnl unrqsﬁ
ia potonticd pgrodiont and other olcetricnl‘clomonté;

Fugther, :ﬁhloiaon?l

heo ecarriod out ozporimanto ag
difforont plcees in industrinl towmo and arguos thot
chengo in confuctivity only cannot account Lor all the
potontial gradiont variations and tho prosonec of opaeo
chorgoo in ¢ho atcooophere would havo to bo takon into

eonoidoration.

Tranoportation of muclel and fona in tho atmoo-
phoro should largely Yo influonced by wind, As we havo
coon, high wind spoedo produco nogativo noiontial greifonto

and oftontinoo thoso nogstivo veolues oro cufficiont cmoavsh



¢0 givo point.dicchargo curronto, It will to interoot
ingz to know, uhnt aro tho chorgo carrioro and hov tho
chnrno 1o producod in high wind opecdo?

Freiozﬂg cnd cr@ziarg
geadionto vhon o duot-dovil pnooad noor tholr station

0 navo notod potential |

ond both of thom roport a nogativo 4ip in notential
geadiont. 7hic, thoy oxzplained by ascuning tho duote
dovil ao an oloetrical dipolo with nogntive chargo

uprards and pooitive doonvordo.

The ocourronce of nogntivo potentinl gradionto
duging high vindg, vhlch roloo Quse fraa tho earth

cugfaca, ray bo axplained by aocuming the duot particlon

¢o bo nopgativoly charpod, I¢ cooma probablo that vhon
wind otripo off duot particloo uhich nay bo quite lazge

dn oico, £oon oarth cuefacd, 0% 4n cuccoorive Junno £ren
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tho oarth curfaeo, thoy carry with thon a nogotivo charmo

proportional to tholir eapaeity. Thono nogatively chargod

duot particloo go up under ‘auotonoch' offoot and cupor-

innoco o negetive potontinl aradiont ovor thoso nozmal

Laly woathor positivo potontinl grrdionta, Tho nagnitnde
of mogotivo potontinl pgradiont ohall cloarly dopond upon

D manbor o0f duot porticles raicod and thmo on tho
aorocol condition ond atnesshopie tonmparatuzo of that

Dareco. "hat ooy B0 tho roooon Thy grootor wind cpocda oxo

£ocdod 4n aisght time thon in day t4oo, €9 0% nogativo
potantiod prodionto.

T TrillinTtenDd 3% nog~tivo patondind prolitonto,



1
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hiciovor, cornot go on uncontrollod. Tho praeoau‘ceena
%2 bo oolfecionchod. Ao the nogativae potontial craﬂﬂaaﬁc.
33T, O esrsooponding chargo io imGueod on tho onrth
ougface and Shoroogtor tho 4uot particloo ¢ rrxy with
thom pooltivo inotocd of negative charge. Thic may Bo
tho roecaon, co nointod out by Groaiorﬁo. vhy his and
Teolor's £40ld pattorno wore of tho chorve oo dboing
originatad Seon tho passcge of an oloetrienl dipolo.
Hlowovor, thio quonching-affoct may e challongoed as it
cannot paruit nogativo potontinl gradients greator |
thon noramal pooitivo potential giadianta at that tioo
of the doy. ©o, in our odbascrvaotionc, 4o find very largo
rgativo voluon, sonotinoe lorgs onough to nroducc point

al gchaxa,

Anotmr sourco of pocitivo iona, vhon mogativo
potonticl gzndiont due to high wind opocdo inexaacyo
vory ouch, 10 tho point dipehargo. Brporionco hoo ohaun
that thioc csurco of pooitivo fons oy provido lorge
eonconteaticn of iona to givo oloetrical nsmont to dust

0toF.

Ue can now gay that whilo high wind opoodo produce
nogotivo potential nradionto, hirh torporaturo acto ro Q
eatalyoio in thio winfd.offoct, Though no quantitativo
constont eon o givom at this otoge, yot 18 coono Lron
cap obcorvotiono thot oono product of uind opeed and
at=oophoric coﬁpornﬁurn io nocoooary o fovioto potoniial

cediont foom ito Zodr wonthor voduo,. In co—op $hio



o0
coaptant 4o atiainod carlior duo to nigh tenporaturao
ord wind opoodo and $o maintainod longer. Thot 1a way
potentinl gecdiont for wind-dfigturbod days doviatos
gronm foip woathor valuo oarliar ond continuco upto lato

heursg in cum—or than in wintor.

Ao tho tonmporzturo falls in tho ovoning, the duot
boging to cottlo doun and tho nogativo potontinl grndiont
attaing tho pooitivo foir.toathor valuo, Tho tinmo of
astaining ¢k0 positivo falr-troathor voluo zoaches soonor
in wvintor Skan in gumnor, oince the amount of duot raicod
in tho noon ~nd tho atnopphoric tonperature is rolativoly
hizhor in cucror than in wintor., It soono that nuelol ohich
at¢ain very high lovolp and do not ocottlo doom upto lato
night, incrooono canﬂcndation and thuo inervoce tho eonducte
{vicy of tho atmoo~hord. Thio wosulto in oo ineronos of
aip=0arth o3nduction curront and potontinl ~rodionto. Co
Shat tho eanco of occurronco of nogative potomtial grodionto
on wind-dicturdod dArys boeonoo tho eouse of inercacod
patontial gredionto on thooo dayo in the lato night, the
oggoet ¢ agloarly bo obgorvod in £ig.8 ciozo tho dotfod
cusEveo, boath in wintor and oumzmor, ”@?EEPU a bit hizhor
$hon ¢ho eontimuous curvo, Aé%;8?h71

iy o
L



CHAPTER IIX

BLUCIRICAL AGITATIOT IN ATINSPHURIC
BLBOTRIC FOUEITIAL GRADIELT

3.4 TIPRODGCRION

| Ve kavo diocussod in the previous chaptor aomé
of tine.variations of potontial grodiont whogo poriodicity
&allaxnor than the rolaxation timo of tho at—oophorc.
Such poriodie veri~tions ooy bo otudied considoring o quasie-
otationary oloetrical stato in the atmogphoro and therefore
w70 ean dotoraino tho quantitative pleturo of nochanicﬁ ()4
" tho oloctricnl procoosoo bohind thom, with the holp of
oloetrootatic lows. Hourly valuoo of tho oloetrical clozomto
ax0 uoed to otudy cuch *long' time variotiona, This 4o domo
00 oo to ooooth oud tho 'shord' timo changon of tho clocteienl
olomant. Tho poriod of thogo ‘short! tinms variations io
gonllor than op of tho order of tho rolazation time and
gonozally sonzoo f£rom o fou minuteo to one hour. Theoe phort-
'timo veriationo or cloetrienl angitation or oloetrical unxoot,
- ao thoy oo kmoon, oxhibit thonoolvos in all the goophyoienl,
notoorologd 'al and atmoophorie oloeteienl olomonts, It chall
Lo datorooting ¢o otudy tho nature and origin of tha oloetrior
oadtation fn atcoophoric oleetric potontinl gradiont, which
£9503 tho ocubjoet of tho otudy of praoent chantor.

8inilioe to zozaﬁ161 s W0 chall conoidor two ponftudes
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coplitudo and Lxoquoney - of olootrical azitation.
Agplitudo of olootricnal agitation givoo the total wideh
of voriation of potonticl grediont in ono houp and %o
£e-quoney wopreconto the nundor of rovoroal pointo durip
- on3 hour i.c, tho number of socondary naxima and minina

in sno hour.
S«2 PREVIOUS NBSULTS

Littlo attention hag beon givon in tho past,to tho
otudy of oloetricol agitation; tho grocter intoroot boins
givon oithor $o tho dfurnnl and peecular variations o vory
£opdd variations duo to lightning diochargos. Bloetrical
cgitetion hooy conerally, boon conoidoxod oo undosienblo
fluctuationo of tho oloetwicol olonment, in tho atudy of lona-
¢ino variatisan and thuo ovaluatod by taking houwly nonng.,

Topas19d

has otudiod clootricnl agitation in pote
ontial gradiont and airecarth curront Aueing °Alyo projoot?.
Tho potontial gradiont and alrecarth curront, olong with
oao motoordlogicnsl olomants ouch op tamporﬁtuxo, Prosourd,
wind opecd ote. havo boun coamurof, undar thio projoet, ot
throo difforont stationo and thoy havo beon found to ghow
odootzrical orSation in Loth Lfair and dioturdod woathoros
boing noro in dioturdod thon in falr woathor, Tho oloetrienl
oadtotion hon bdon found %o bo noro in 4oy timo thaon in
adas tino cad hao aloo boon found to vmdorge a conconnl
vaziation. Tlootzienl cornductivily, Sooporaturo, britnooo

aed vapour psaccard havo boon foumd to omorelso thodr



ogfoctn on tho clectrical agitation.’orooveor, the velwo
of poranator itaclf nlas ochows ito influcaes over o
aloetrical ogitation,

Oga:aas hag studied short-tino voriationo in

tho form of *fluctuations' 1.0, tho differoncos betooen
tho hourly volues and tho ovorlaping moans »f five houro
poriod, at any timo. He has shomm tﬁe varfation of
agitation in potantinl gradiont, air-ocarth curront and
eonductivity, Jith tho oloment-valuo but hno not found
any dafinlfo diurn~l variation of the agitctfon. Tha
g@aulta of O3jawva oro, hovaver, eonfined to the oboorvat-

jono of 24 Lair woathar days only.

tlracuroconts of potontial gradiant with two £i0ld
nillo at o diotanee apart in o lino along tho dirsciion
0¢ wind, havo boon dono by Thitloek ond Thalmoro--. 7ho
ebgoxvationg, whioh havo boon tckon both in falr and
dloturdbod woathor, shdw °cuop?! liko variatisno in falp
other and V=, and U=typo of pattorno in choworo. BfLoct
of brightnoco 1in falyr veathor ant in ovorenct and tho
offoet of gpaco dhnraco on tho potontial gecdient havo

- vozRy well dcan sgtudiod dy this mothod.

In ozdor to undorstand the motoorolonicnl -
otnoopherie oloctrical corrolationo ond tho fundanental
procosoeo bohind tho origin of those shori-timo varistions
in potontinl groiliont, wo havo annlycod cup data of ono
goor and goparotod tho coplitudo ond £xogquoncy of 0iogt-
pical agitcidon direetly £z ecordo, A0 for tho otudy

of tho Qingta) vorictions of patontial geodiont, w0 Dhr-vo
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ddvidod tho total matorial 4in throe cotegories {.0.
(1) foie woather 8~yo, (i1) fair weathor daysc includ-
in3 uind-dioturbod days and, (1ii) tho total dayo
oxcluding tho periodo o5f cotual procipitation.

Froa nou omwardg, we shall rapraeoont clootricnl
agitation ooplitude and frequoncy by U, and Up
ragpact ivoly.

3.3 DIURHAL VARIATION OF BLECTRICAT AGITATTION

Pig.12 ohous tho diuznal variation of ngitation

| coplitudo of potontial grodient for difforont montha,

- Continuous 1linos sghou tho variation on faolr woather

dayo and dottod linoo on foir weathor days including
trind=d 1oturbod dnyé. The veluas have beon ropreoentod ao
tho poreontoge wvaluog of the m:an valuo of thoe roopoetivo

nontha.

It i clear fron tho figure that, cimilar to
potentinl grodiont, U, oloo chowo doudblo poriodie
diuzmal variation. Tho pooitiona of naxira are noarly
in the sarmo position 0o in that of potential geadions,
Tho doudlo poriodic noturc Lo cooovhat d4iffucsd for the
o3atho of Anril ond [Ty and to oomo oxtomt Arm the cummar
ao'a vholo but in wintor the veriation boc2non noro
otondy cmd roguler. Actunlly, U, looko €0 havo an
insronoing tondoncy in moon in cummor, inotoed of ziving
o dip ao in vintor. REfoct of wind on U, ean bo ocon

8o tho dottod eurvoo. Ono vory ocurpricing pecult o
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that chon w0 includo wind-disturdod 4ays, Uﬁ gooo on
ineyroaoing 4n noon, £ron its nmorning manicun valuo,
inotond of Aoereasing in noon no on falr woathor dayad.
oroovor, tho norning and agtormocon naxisn aro cuppeoocod.
In curmmesr, doudblo pariodiec variation chanzoo to ocinglo
poriodie with a singlo maximun {n tho noon vhon wo

includo wind-dfcturkod days. In wintor, howovor, tho
doudle poricdicity of tho wvariation fs otill nointainod
with oomo chongo in ito nagnitudo.

Piz.13 chowo the diuranl voriation of ngitation
gfroquoney. “ho condinuous and dotted linon meen tho cacod
ag in figglza Tho variation 15 not very oyotomatio ana
Eogular ag ¢hat of agitntion anplitudo. Howover, tho
vintor pattosn 1o noxo oteady and zagular than that of
summor. A Wy vonarkableo difforonee in tho dinzngd
vagintion of azitation Lroquonoy ean Bo nstod Lron thod
of agitotion amplitudos Vorintion 6? Up on £oir woothor
dayo tomdn %0 bo oinzlo poriedic in sunnor ond doublo
poriodie 2a wintor. In ocun=2g tho nozimun 3ioo da tho
noon and in winter mpaxina 110 in thoe foronson and QLtORV-
acon. (Por tho oako of intereont, this tondoney of chonne
Qg'pcrlaﬂaeSQy with cozoon 1o tho zevorco €9 thrt of
dlurnnl variction of potenticl gradiont ot cono land
o%ationo). Taon wind-4%0%urbod doyo oro insludod, tho
oinzlo poricdic noturc of Up in cummor boeonco vory
psondnon?d cnf the abooluto voluoo of Up aloo incroaco

in 4oy tiro. Thuo tho m~turo 0f diuvrnnrl vopiationo of



clitudo ond froquoncy of oloctricnl agitation ronet
oscathat di¢forontly with tho chanso of cocoan. Thio
point ohall bo furthor oxnlnined in tho nott articlo,

4 SEASQIAL VARIATION O BLECTRICAL AGITATION

To furthor ostablich thoe noture of chongoe of
diuvrnal variation with geacon, ovoraze valuwos of dinsanl
variations vore cnlcoulatod for summor, cquinoxes and

cintoy £0p watoly for fair woe-they dayo doth 1ne1hﬂ1ng

06

ord oxcluding wind-dipturved dayo. Fig.ld showo tho dinmnal

variations of B, and U; in difforont goasons, Valuos
aro roprocentod ao the porecontago valuoo of tho avoroszo
noon valuog of tho rogpoctive coaoono. 500 of following

p2ints aro astavoxthys

i, Pozacatano voriation £rom tho noan valuo on £oip
ooather doyo io mowa fLor U, ¢thon fow Up., For U, <tho
pogeontoge vordation io now in wintor and looo im cacmor
vhilo for Up rovorco 4o tho coca 1.0. moro in ounsor cnd

loao in ouintog.

P Anftotion amplitude chowo doudle poriodice variat.
isn ¢throusheud She vholo yoar but agitation £»oquoney o
dcadle poricdie in ointor ani Comds ¢o bo ainglo poricdio
1 gurnor. ho doudblo poricdic voriationo, Doth in
comlicudo ond £ronuoncy, hovo thbir narica in foroneon
ol agtoraszsn ohile o0iaglo poriodice varintiono have thoir
oosting da ooea.
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5 thon wind-dioturdod Gays are includod tho
voluoo of Uy and Up axo modifiod in such o way thot
thoy becor> looscor in nxgh%-anﬂ more in day thon
thooo of faly woathoy days only. The incroaco in noon

¢tiro 1o morce in ocunnor and logo in vinter,

Go Tho ¢ino, vhen the agitation on fair weather

doyo including wind-disturbod doys,oxcoefs thut of faiy
wonthor doyo only, 45 earlier in tho norning and lato in
tho ovening, for cummor then for wintor. Tho difforonce
ic about tmb hours in bdoth sidos.Thus, tho total Guration,
Auring vhich wind-diogturbod curve romaing higher thon

faﬁr‘wonxhor curve, io pore in cummor thon in uintor,

Be Tho Snclucion of wind-dioturbad doyo to foir
woather doyo ecuseo tho diurnal vorintion of U, and Up,
¢o bo oinzlo poriodic in all ooasong, with tholr oonicn

valuoo {n ndon.

Ge Tho inclucion of wind.disturbod dayo to falr
waathor doyo, affoeto anitation’s froquoncy loosor thon
i%0 onplisudo,.

Do The ¢wangition portod of oquinoxoo chouwn in%oﬁ;

noddatory ehnrpotor fop nll tho ohove chorpetoristico.

o hnve calculotod aloo tho avorﬁso valuco of
Uy and Up ZLor 4iggforont montho and £1g8.1B uhowa tholw
cnmuol varioSlon. Tho contimiouo line chso amplitudo
vapiatisn ond do*tad iims ¢ho fxoqueonoy variation, I8

10 ecloar ¢hn% Lotk @un noarly parallel €9 anch othop,.



3.8 BPPBCT OF POTIEILXAL GRADIBIZ OI
I78 BLOGRRICAL AGXTATION
Tho parnllol nature of diurnal and ocasonal
voziationa of potontial grndiont foxr falr woather dayo

ond U,y initiatoop ono to think of somo aopondbnce of

Uz on potontinl gradiont. To havo tricd to noo tho nature

1 ana

ond cognitudo of thio dopondonco. Unlike Iaraélg
0339056 vho hovo tokon avorago valueo of potontial

| gecdiont an@ U, o cono individusl falr woothor dayo,
va havo soloctod our materiael fron thoe hourly averago
voluog of 4ifforont montho, fronm uhich diurnal wvariation
ougvoo for Loir woather havo bocn dravn. Corrooponding
voluoo of U, for nearly oqual hourly avernge valuoo of
potontial grodionto (within ¢ B V/n) have boon goloctod

and tholpy qvorago hao beon tchon,

Fi3.26 ohowo tho varintion of UA with potontinl
agecdiont, I8 1o eloar that UA incronooo with potonsind
pgeodiont, £izot olovly and thon rapidly. It 10 oignifl-
eontly 4ifgozont £ron that of Icruﬁlal and Ogﬁwuaa. both
0f whon founrd tho voriotion ¢o bo linocars tho dloeropancy
boing noro 0% lowor volueo of potontial geediont,. 020
ovarsour ©osculto ohow tuch lons scattoring ¢than thoso

0f provicug tus workoro. o,

Vordction of Up with potontial grodiont hao aloo
ccn otrdlod dn tho cocro way no that of Uy - but ao dofinito

fntom-donon’oneo hoo bdoon oboorved.
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FIG.16.VARIATION OF AGITATION AMPLITUDE OF POTENTIAL
GRADIENT WITH THE ELEMENT VALUE.
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3,0 DESC?RECAL AGIPATYON IN DISTURSED UCATHER

Ao contionod ocarlior, wo havo dividod tho total
catorial 4n ¢hrdo difforonz categorios and ealculatod
oloctrical oiitation of potontianl grndiont‘zor cach of
thoa coparatoly. Tho abgoluto values of mplitudo and
Lxoquoney of tho agitation are bhoon in tho ¢adlo 1!a~

Tablo IX
Voir toadher 'zguir'geaghgf =
doya jdoyo includinz &

Son !win&-dinturboﬂ notoset,
gono T ._Tfkﬁﬁ%r -5 ifa“
—_— fWB: i Up I Y, VUp | YUy ', P
Sammorp a0 5 . l 34 8.0 41 5.9
Bguinozco 20 - B.0 34 8.9 34 8.1
lidntor 1% 8.1 33 5.2 29 B.S
PeRal ' |
avoraso 20 8.3 36 8.7 a8 5.8

Uy 40 38 / of tho avorage valuo o2 foir wonthow
doyo, and 48 inoronaos to 73 / wion wo incluic winde
dioturbod dcyo. Tho voluce of U, and Uy ore noerdy
ogual for %otel n-torlial (oxecludinz poriedsc of aectunld
nenaipitation) ond for fLoir woathor dayo including vind-
ddotuzbod dogo. Thio 10 cn impertant concluofon ca? chall
Do gurthor diocuocod in ¢ho noxt orticlo. Tho valwo of
Up 4n Lofe o thor 40 6.3, that oecno thet potonticl

7endnnt chooo 6o Alxoetion in folr o thow, ogLeor chomd



21,3 nimaton, This poriod is , howover, roducod in
d&oturhod waathor,

Anothor imporiant conelusfion £ron tho tnblo X
ean bo drava d.e. tho valuo of U, 4ineroagoo fron
curmer to wimtor in foir woathor whilo roverge io tho
cace for tho total matorial.

3.7 %gmgIgggg%%gﬂﬁgﬁggga?ganbﬂ VARIATXOIS

Tho oxiatanco of high olootric fioldso in
clouds of doth typoo - warm and cold - Lo uandoudtod
ond tho Qistpidbution of charpo in thono have wall boon
confirmod 0o an oloostric dipolo of popitivo polarity
with a poodtivo chargo pockot in tho botton, Thio
elootrical dipolo oxoroisos %o offoot on tho f£iold
pattorag, cocourcd bolow cuch cloudso, propogtionnl o
1%0 @1polo comemt. Thitlock and Ghalnogoed havo
otudiod osoo of thooo £i0ld pattorns ond have attomptod
¢o pgot ooao informntion ag to ¢ho nigoo and hoipatso OF
opreo charzd poekolto, cauwoing thoso variationn. In
our viounal obgorvntiona wo found cono pattoras of
iatoroot undor vorying atmouphsriézconaatzano tvhich
Disht holp dn tho &nmtorprotation of ohortetind variote
.36nc of tho potontinl grodiont, Uo prooont gome of thon,
ohoptly, 00 balor:

1. Overcont (ty:

Piz.27{(a) ohsro o Tocord of potontiel grofiont
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vaon oty wag overcaot by otratuo and stroto-cumilug,
Gnille noot of tho tiro, potontial gradient yonaine
pooitivo , 4% ofton Jumpa to nogotive valunoo, Viounol
obsorvation on ocuch oceapisng hnao shon thnt potontiold
am{l fent hoo highost nogativo valuo whon thoe ovorhoond
clcud fo dosfroat f£.0. thickeot, and highoot pooitive
voluo vhen ovoraond olyy 4o dright - o claap indication
of nogativo chargo concontrotion in tho bottom of tho

aloudo,

¢ 2ho ovorenst cloudso are thin uniform ond
lons nodile, thaon, gonornlly, only positivo valuco
aro oboorvad tmd potontiel gradiont hoo boen found
$0 b0 otoody and conotant throughout tho poriod of
ovorcaot. Such a unifoya overcoat hon boon found, in
o5 eanon, to cupprooo tho noon dopxoscion and aftor-

noon nozimin,.

8, oty qzy

Fotontial gpadiont in alety wonthor hao boon
Lound to Vo conmoitivo to wird, If thoro 1o no or vory
1isht windy, thon tho potontinl grodiont hao boon Lound
{5 havo o wvazy otondy poaitive valuo oo shoon in £43.17(b).
In ocuch 0 ¢00 geodiont and $to oloetpical ogitation 4o
tmeh roduced thon that of folr woathor. Altornntivoly,
ia 2ho pracanoe of wind, nogative valuos have boen ODCIP-
vod, Tho zocoon nay bBo lookod m.to gono inculation

Deoakdoom 4u0 to hirh hunidity, oo curzeatod by Chalmopo-o.



9o Fodr Toathor Curmlid:

Pancono of o fair woathor curulif gives o

aip, oonoticio goiny €2 nogative valuos, ia tho
potontial ~godionts Ono typical copo 4o chovm in

2i3.17(c) vaoxo two falr woanther curulii passod ovore
hoed against cloay dluwo uky.giving tuo V.typo of

chcpog. If thooe cumulii aro lorgo in oico, tho ogite

ntion fnewxncoo vory ouch,

de lon-roining Stratuss

Pig.17(d) givoc o record of potontianl gradiomt

vhile a otratuc cloud pagsed ovorhead without any roin.

62

Tho potential gradiont gives o negativo 4ip, The proooneo

of lowor poaitivo charge pocliot nay bo cotinotod fLron tho

mduotion of potontial gradiont from its nogotivo ponlie
value vhich givoo a U=chopo pnttora to tho £40ld. Tho

coeond nogativo peak may bo ccuccd by anothoyx onall

oSratus elend,
Be Thin Shagto

Seno
gezotinoo boon
nig¢itudo thiek
vapour thon <o

cerneornod, ond

of Oloudos

1oz altitude thin ohooto of clouds hro
obsorvod to paco undor rolativoly high
eloufo. Thogo cheeto aro noapor to Uatop
clouds oo far ao troir otmeturo io

paos oith wolooition grontor than tho

i3 hoavy elsudo. Tho pnopono of cuch ohooSo ovorkood



63

hao given aa'indicaﬁion of positivo charge in thon,
Pig.17(e) givos an oxamplo of such o record. Four
pocitive kiako botwoon 18.30 and 16.30 word visually
observed to B3 aocociatod with tho paosing of four
thin cloud cheeto éixactly overhad with spoeds many

timae groatey then thoe highor curmuluc and elirrus clouds.
3. Showoros

Potontinl grndténxadurlng phowora have boen
£ound to b0 largoly flunectuating from positivo to |
nogativo and vico-vorsa. Tho valuo of potantial gradionto
40 foirly highor than that undor non-raining cloudo,

One cuch emomplo s chotm in £45.17(f). No dofinito
conclusion ean bo dram oo €0 oiet ig tho oign of tho
chorgo on rain and vhat io tho cmoe of 4to origin %ud
o onsot of aetual chowor 444 show oone chonge in tho
21014 pottora. a

?; Contimicao Raias

?Mg. 17(g) glvoo onoc of nany cuch fiolé
pattarnavobaorvo& during poriodo of contirmouo rain.
Though potontial gradiont ofton changoo oiga in thio
eaco algo tut for moot of tho Uino, it ronaino negativo.

Camoovor, the £401ds aro not 0o high as duping ohetdro.
3.0 TITBRPRLIATION OF RIESULRS
Ay chango in potontinl gradiont cansnoznoily,

DO eonocidopod £o BO couood cithor by chorio in potontinl
0% tho global atnoozlozie econdonoor or by chrnso 1a



confuctivigy of tho atnoophore at tho placo of neacuroe
oont. The opdor of tho duration aof tino of cloctziend |
czdtation dcoo not porait uo to conoidor tho firet
poooibility S0 do bohind tho nochanica. T80 chanzo in
lacal conduetivity cam, hocavor, B9 ccusod ogain by two
procosoes 1,0. change in opaoco chargo diotribution or
ehongo in mueloi contont of the atmoophoro.

Prea tablo IT wo ooo that ocleetrical ngita%lo&
oriotn ovon in fair wonthor and it hao oqual valuoo for
tho totnol mmtorinl and for falr woathor dayo including
ind-A1oturbed dayo. So that tho nochenic of origin
0f onitation should bo guch that it could oporato ovonm
on foir wonthor days. Tho woverse inereasing ordarsof 04
with ooagon for fair wvoather doys and for tho total -
ontorisl, cuzzoot that oithor tho eauso of agitation 40
digforont in Suo eacos op thoEo aro two eontpollinz Zeretoro
of agdtotisn, ono prodeninating in wintor on falr woathor
oyo and tho othor in ousmmor in tho cogo of total matowrinl.

Xomélag‘ £indp ito ouplonntion in atooozhordo
turbuloneo in vhich olir naosdo having difforont noeoool
axmtonto ecuno tho atnooshoric eonduotivity ¢o chanio. 4o
e} Uratooao

¥ %he proportion decoribed adovo aro Sypicad
for w0 atmoaphoric Sturdulonso prococoas ond OORIC-

64

folly ¢thooo of tho ntroophorie nooo onchange pProeancon

(caotouoeh). 80, it ean bo ooid oith egoptaindy .that
tho oftasorhorie ogitation fo0 in gororrl o dirped
zooudl of tho atnaog horio oxchanso PrOCODHC0. TROCO



Qstenanso proconsoo produce turbulenca ecllo
uhich, duc to thoiy Qifforent ceronnl contont,
havo dififeront eonduetivition, ond tho voriouo
opaeo chargos thoroby produced givo rico to tho
chanzoo in £1iold and current at the otationo ovor
whieh $hoy paoo*’,

Tho ouggentod nechonion agroos with tho
oboorvations of Iaradl but only partially wuith that
of ourn. lozadl roporto that in folr coothow, oloetsicol
ardtation ip ninfmun ot night and gooeo on fneroaning
with t100 unto noon. In cur oboorvationo oloetrical
citation rung parallol to tho oleronte.valuo and givao
~ond maximun round cbout 9.00 ond another ot about 20.0D
hours, I£ atooophorie tuzdbulonce i tho omly factop Lo
 goatrol onitation, 4t chould havo ono oinzlo oazimn
ia tho noon. 70 Oomplaim thio diccroponcy of Giurnnl
vopintion of anitation, and othop obsorvationnl faelo
thich wo hmﬁb dogeridod abova, wo ouggoot tho following
poosidle nochanion for tho origin and voriation of
olootricnl cnnitation,

Pooitivo apoeo ehaype io concontratod noar tho
cagth'o curgoec, duo to olootrodo offoet in faly wonthow
£i0ld4. Thig pooitivo opaco chawvge 10 carriocd up in Upe
Adrcugato Guo to convoetion aurronto cot In tho atmsophoro.
0o that eonvoation collo of tho atooophozo give rico <o
pooitivo ocpreo=-chargo columns rining in th@ atroophesd

grem tho oarthis curfaeo. Tho £roquoney 0f ernveetisnm



colls 4o mouhly of the ordor of tho agitation in
potontial goodlont. Thio 'dasic-otato! of oloetrical
anftation 1o, hevovor, nodificd on wind.dicluzdod

doya. High windo ooi turbulonco in the atmogphoro

ond roioco Guat particlos from oarth curfoco. Thioc
corogol contont of tho axmuéphara'givoa rico to
oir-nngcon of difforcht confluctivitioo by atnoo-
phorie maos oxchanzo procesnce and thus further
‘inoroase tha oloetrical ngitation., So that o can

ooy that olootrical agitation is duo to froo

convoction in foir woathor and duo to forced convogts
fon in diotnzrded woothor, forcover, tho couso of chongs
in conduotivity 1o tho spacs charge in falr voathor and

tho aoroonl contont in digturbded woathor.

Sinco tho pogoitivo opoco echarge concontrite
fon noar ¢ corth'c ourfoaco duo to olootzodo effoet,
chould Do lazge in high fiolde and vieo verpa, tho
parallol n~turc of Uy and potontinl gradiont'o dluranl
variation eon be auplninod in faix woathow, Sinco in
hinh wind opocdo, tho phonoronon of olostrodo offoet o
not oboorvad, the variation of coroscal contont beconan
¢ho eontrolling factor ¢n cheno tho ofr nono conducts
sztioé,cn& thuo oloetrical agitotion. Bo, $ho doudblo
poriedic diurnal variation of Uy, én fair woathor dayo and
ﬁQO'chnnéo t0 o0inglo poriodic variation on uind-diotuzhod
Qcgo, can nr3? bo oxplcinod by considoring the two ooche-

anfono opoentivo in the difforent circumataneco.



eently, Bont and Hutchinson31 hnve noacamd
opace chargon at throo difforont altitudoo cloco to
tho carth oazfoee, cnd aloo neocurod gons mo%oordlogical
olomonto. Thoy havo obcorvod that opaco canrgo chanioo
oirultanoong to the chanzoo in wind gpoed, tomporaturo
nna'huaidity. Thoy obporved ocomo poaks in opnce chargo
socordo ond oxplainod 1t duo <o tho oxigin of turbulonco
¢odlo rioinn fron eorth curfaco, carrying positivo ehapy
in thon duo ¢o tho oclaetrodo offost. Tho porlodieity of
thano pecko hoo beon roportod to bo 11 nin, vhich io in
clogo agroo-ont oith 11.3 nin, which o th? avorage
porfod aftor which patontisl gradiont chonseo its diroet-
ion {n faiy voathor, ac shovm in todlo 1Y,

Anothor oboorvation to ocupport cur proposod
thooxy of oloetrical agitaotion, 1o tho obocarvation of
lo==lovol iom clcuds of both oigas by Brﬂso@iolﬁasg
pacoing ovoraonad at alfitudoo oo 167 ao 10 . The £20Qw-
voney of cuch fon cloudo hno boon oboorvod t6 B PropoOrt
fomal to tho oloetweicol £i0ld itcolf,

Ia fablo IT wo soo that U, 4irssdapes Lxon
camsor Yo winteor in Lolr coothor, vhieh mmot bo co 48
cug propacod thooxy 4o to bo corrcot, boccuco osvorano
valug of potontinl gradiont in foir woothor ineroncoo
2220 guroF to uiator. Thon wo talke thoe hoelo natorial,

ko U, 40 goator in cucoer thon in vintor 1.0. TOVORCD

9 thnt of Gueing fode woathor. Thio 4o, hewover, probobdly

1o ¢o tho {nercacsd ciisation in ounmoy (o o Sho
praconee 0f chreges 4n elcudso,
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CIAPTER XV

I3 BPPRCOT OF A SORAR DCLIPSE O
APCOSRIDNIC FOTETPTAL GRADIENS

4.3 IOTROBUGTION

In tho procoding choptors, wo havo coon
that oolar podiation and motoorological Laetors have
tholir doainont offoot on ths atnoophorie alootric
olononto. TR0 rolativeo nognitudo of thoir offoet, of
Qourse, doporfo on tho loenl conditions of the plaeo,
It 1o mainly docnuse of cuch Influoncoo that diffoxomt
ploecoa have thedir locol anoonlion in @iurnal and
othor variationo of atnoophorio oloetrie oleoconta. It
0s thogooso, natuwal ¢o oxpoet that o colar oelipso
oiiieh 1o nothing dut on obotzuation of colar rodintion
for o particular aron of tho earﬁh'b curfoee, chould
havo {to of£goot on potontial gradiont. Gurp »outino
' mecording of this paronotor, 40 »ovoal on oelipso
offoet (Tangn and Varnhnayagg).

G«8 DPRGVEQTO NUSULLS

I'~ay workoro havo zoportod thoir posulto of
¢ mooouroonto of potantial grodiont during tho porded
08 oclipcap, nt Gif€oront ploecp and at digforont 4400
tag thelr poznlto oo oo controdictory that a otato of
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eanfuoion provailo. Uith tho pronont literrturc avnile.
0blo, oven 4t io difficult to oay vhothor tho aelipso

hro or hng not any of£oct on tho potontinl grcdiont,

G:anvoanes and Fsaioagﬁ in thoiz obcorvations

£ound tho potontial gradiont ¢o do unaffoetod. Jomao

ol Giocsckmos nade neagurononts ot Huoneayo on PHth
Jonuary 1944 and found tho valuo of potontial gradiond
Juging tho cclipso to b0 logs than that in aornnl condi-
tions. Kﬁh&oaconae oloo found o doeronco in potontinl
geodiont ot and aftor tho total oclipse of S0th Juno 1984.
Dréonodvo neogurormontc have baon rado ot tho oarth's
cupféco and highor altitudoo during tho oelipro of "Hth
Pobruary 132 in the Dolgion Congo, by Koonfgofolai®,

Ho woporto two broad 4idps in potontinl gecdiont towario
¢ha Yoginning and ord of tho oolipeo and o pooitivo volwo
ot the totrliSy of tho aelipco. Por noncaro~onto ot hithor
altitudony Reonigofold lounchod throo rvadiooondon, ono

ot tho boginninz of tho oeclipcoy, ors during tho celinsd
and ong afbor tho celdpco. Thilo 4n tho £irot and tho
hird £ligato, tho potuntlol geoddont woo fouand to BO
woal and o%oady, tho cocord sournling govo rolativoly vory
Dich aad vesy uaotablo valuog. Tho unstocdisogo of potonte
Aol grodiond dueing tho hoight of tho oelipcs givoo o
cldrar inldecrtion of Qioruption and soarronio-ont of
odzatifiecation of tho atnoophozo.

de8 ODAGTVARIN:I

Dnmurenento Toro Yo of o nodonidol 2ondoad
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during tko solor 06linso of P0th My 1968 ot thio ototioa
celd tho 2oedxd f0 roprofueod in £1g.18. Tho eonditiong
cupdng ¢ho oolipoe woro oxXeollont, tho aky boing olcar
ol wonthop enln. “hoe continuouns 1liro choos tho rocord
on oclipooc=day and tho dottod lino phowo thy DooR-volug
of potontial pgradiont fop tho ponth of [My,190380. Oaly
€ivo doyo ooroe included to draw tho DOORTARNO-CREVO.
“hopo dayc ©oro eloar anfi coln, winilo othor doyo womo
afoturdod olithor by clouds or dy otrong winldo and Auote=
olorao. Tho duration of cclipoos rangoo £yxon 16.30 hh o
17.00 h D, %7, I¢ oo cazximan (obout quagtor of tho

Can undor chodow) of obout 16.46 h L',

¥n the bogloninz it hod no off€oect on tho
t;o‘::or:ﬁial gooddont, But vhon tho oelipco boeord approgi-
Qblo, tho poRontinldl pgradiont bosom to dogmeocde and theon
boearo monativo at 16.00 h L'R. % vopy oaca ottairnod o
hizh nogotivo valuo of 148 V/n whlch woo groct dovid~tion

gecn ¢ho sthoruico folp-toathor pooitivo viuno o2 ¢ °) V/o
at ¢thio hsuz of tho Qcy. Thio vcoluo , haoovor, foll) oichin
absug 10 nietaeo to =37 V/n. It ozain inesoncod cnld 40STO-

acad four $inoo, giving »ico $o proko. In oll, thoro Toxo
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24vo pocolo Sith mamiran @b -1408, <117, 77, <00 ond 246 V/no

ooccurring 0t 18.06, 16.18, 16,35, 18.062 cnd 37.28 Rzuzo
%2 roopootivoly. Tho loot poclk, hovwovorp, hoo a soooplnzy
orirmn Jud prior 0o 4. A 17,47 B I $ho potonGinl
Osxdfont oodm boeano pooitivo ond ottadenod fto nopoR

On8ramo~"tv v orlvo,

I 0 zoernd tho Lollawing o) into 00



notovorihy ¢

b9 Potontinl pgradiont xonning nepativo throughsnut
tho appreecichblo oclipco. It boging to docroaco aftor
about 18 min. of tho doginning of the oolipco and agofin
boeoran poa&ﬁiva baforo about 16 min. of tho ond of tho
oclipoo.

8y Tho variation io roguler. Each poak hao o
lowor nogativo value than ito proced'ng omd, 60 aloo oo
aach minimun,

§.4 PISCUSSIOT

In ¢rying ¢o soardh for gono omplanation for
Sho offoet o2 oolar-celipoco on potontinl gradiont, it io
notural to tolto the eghengo in oolrr rodiotion and to
acooelatold offoeto into conoldoration, Giahgv
tho intorraption of hoating of oarth by tho cunm aﬁa tha
loenl edrcunotancoo 9 bo tha cowso of tho 0Lfoot.
Rooﬂigufolﬂaa alogo oxzplaino it on tho baoic of chonzo of

geavoction enrronto duo $o chanzo in hoating of tho oazihto

hng surgootod

cargaao,

Caaparini our obpopvationo with thode of othor
GoEro, it will be Lound that in 0o Loz oo tho potondial
gecdiont rooning mogntive for tho noot tino during celipdo,
cuﬁ zoculdo have oo racobblancc with K@onﬂgof@l&'oﬁao
In othor dotallo, howavor, thore 1o not cmeh zooondloned.

Coondnofodd, forp inotenoa, oboomvod o proitivo valuo of



aboud naniman oelipso, wo 4id not.

Ono poooidlo onplanntion of tho 0ffoet can &0
fevnd fron tho obcorvations of Hawano and nancstant%o
Thoy found on ineroaco in donloation at tho oazxth'o,
curfacae, dueing the period of celipco. This incroacy
in donlaantion noy reoult in gomo doorcsoe of potential
geeliong, but dhio doda not givo any oxzplanntion for
tho nogativo volung of potantial grodiont. Howovor,

42 mogativo Sons out of this inoronsed londsation of
tho atmooshoxd bo gonohouw carriod up by convoetion
‘egurrontos (tho positivo iono going towardo oarth duo e
anereasad oddy-diffunion), it my give rioo to nogativo
potontial grodionts.

Tho Zollowing two facts give como auppoét to thy
propocod thoosyr

1. Disturdonco in otratification of tho atnoonhoxd
and i%o poagwongomont @uo to the chango in gonvootion

(2

cagronts boesuoo of chanse in heating of the onrth, ohould

bo nozimun Juot aftor tho boginning of tho oelipoo. By .
o %ino, oquilibrium chould roach. Tho ropgular doexicso
in tho hoight of tho poako fron dogianing to ond of

Sho oedipco noy find( %0 omplanation in ehﬂ.ﬁ Lact,

i Both ¢tho increaco in ifontasntion and the inercacy

in potontinl geadionto, aro noarly noro thon doudlo thoir

5o0poetivo noom falr-w0athor valuod.



A better confirmation of the pronosed theorxy
may be had by the measursazent of epace charge density
of each polarity separately at different altitudes at
the place of measurement during the period of eclipge.
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CIAPTER ¥

FOINT-DISCIARGE CURRLERS PROI AT
ZS0LATRD ARRIPICIAL SHARP FOIIR

8.4 ILTROLICGREON

Tho paonononon of point digchargo ocenrs
ot obharp pointo, risod adbove tho eaéeh'o ougfaco,
during high £io0ldo in dioturdod woathors. Tho conodn-
teotion of lineo of foreo round ¢the point givoo »ico
$o ozeaptionally high fiolan'in ito noighdourhood and
oo 0 peoult, otnoophorie iono aro aviractod towards
S point, X1 high £i0ldp tho onorgy of thosd lono
Doctno oo ot that thoy produod iomnigation duc <o
golidodon. TR fono of tho oign of tho potomtial
geediont aro attractod tovardn tho point, thmo giving
pointediochnrio curront of tho pano oign oo that of
potontial gwodiont.

Duo ¢o 420 inportanco, oo balmn a cajor courco
gop tronofor of charge in tha atoogphors, tho phonomonon
o2 point Al~chorpe hao doon otudicd by digforont workoro,
tahing difgozont typeo of pointn or coto of polnta.
Desorinoato Ravo baon 0odo both oith naturnl ond ardie
£leinl podnto, It 40 noT cloaxr ¢that nntural points cueh
03 0500, G0 ot bohave oiniler ¢o that of ogdificinl
oractod polaio.



2 midndo of point-diochergo curronto ray dopond
upon the giold, wind epoed, chapo and hoighat of tho
point and pogaapo oa othor factors aloo. lleoovor, 42 wo
¢alzo ono partieular do0olatod artificial point £imod
ot a porticulor hoight, 4% ooy bo conoidorcd that £4014
and wind opocd romain the only governing faetors fow
poiat-diocharne curront through the point. iny attompio
havo dbaon odo to £ind out an oxaet corrolation dotwoon
ﬁiola. vind opood and point.dipeohargo curroat dbut no
Gofinito eimelunivo rooult hao yot boon obdtainod., It
chiodl, thorofero, bo worthohile to study thio phonanonon
in oxdor $2 £ind ocut tho rolativo doponioneco of pointe
ﬁﬁbnhnrgp curgont on wind opood and fiold,

Any attonpt to oiudy tho corrolation of tho throo
preoratorn, with laboratory oxporinonto, con give only
gaporfluons oulta, Tho atnoo~horie conditiono aro vidoly
alggoront £xpaa thooo that can bo producod in laboradory.
osoovor, ony ottonpt to compara tho labormtory and QY00
phozic Gimcanions, ohall bBo po mueh an ovose0inpligfication
82 tha problca thot tho rooults cannot bo juctigied.

@ offoes of opaco choxgoe producod and ito ¢gonafor by
Uind aro oass tho nain offaoto ouhdch commod 0 conode
Cozod §2 bohnvo oinilarly in labomtory and atodophero.

000 PHIVIOES [W3VIRG

Tadppdo ond seaneea ignowing ¢tho 0f£L0at of wind
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03 pointedicchargo curront, £ound that curront throusgh
0 point ot absut tho hoight of noighbouring ¢moon, cnd
¢ha potonticl grodicnt noocuxod at ground, ccn bo

| 0intoed dy tho oquation

Iuﬁ(pe*ﬂg) Q!(Bnog)

thoro I 1o the point.dischargo curront, P the
potontial geadiont ond o and M apo conptanto,
Ghnlnors®? derivod it theoroticolly, ignozing tho
affoct of wind and tolking tho point oo ono of a ot

0o 71 and

anmlar oot 0f pointo chiplonkar7 » Teiborxy
t&a%ahinaan?a gound thiac formula to b in ogecomond with
Shoir obporvations. Hutehinoon, hooovor, indicatod o
Sondonoy of hio obgorvationo towardo a faéatupmr 1o Zow
Bigh potontial grodionto. Kirkma ond Chalroza'® moanale
yood tho obcopvations of Adpplo and Seraco® and otharo

ord ochorod ¢hot o rolation of tho fypo

ToB (F i)’ e (B,02)

24sh propoy volues of n, onn Bottow £i¢ with thon., IOy
foupd that with n = 1.07 ¢ 0,13 for Uhipplo ond Serdcolo
foculto and @ = 1,09 ¥ 0,08 for Hutehincon?oc s0ouldto,
¢ oboorvationo Bottor £i¢ with(B8.02kathor Sham (9.01),

Chaloeo ond Eﬁ:\zﬂoson% moacuzo@ cupront thecah

nodato attred o o eoplivo baleon, koonidns Shea o



N
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A4¢gorond hoights and found that thoir wrooults can bo
24%=4n wigh tho thooretically Qarivod rolntiont

I o g vt o= oo (8.03)

thoze V¥ 40 tho potontial difforence betwon tho point
ond ito ourrcundingo, U tho vind opoed amd K end g
tho conotanto (q oould not bo dotorninod by thooxy).
Doz thoir obcorvationo, theoy toolr q = 2.78 ond gavo
tho rolation

g = &(en)/® (M0 ve (5:04)

vhoze h 4o tho hoight of tho polnt, oo that V=Fa if

Shozo 15 no opreo chargo in dotwoon,

Rizlzmne and Chalnoraqs

o point ot o high cand, noaocuring wind opood ot abong

8 n bolow to point, mmd potontial gradiont ot ground ond
oloo 7 o bolce tho point. Thoy found that ¢holr oboosvte
43scnn ean B0 poprocontod by the zolation

noacurcd ecurronto throush

TeR(Uee ) (D -11) oo (D,08)

s K anl e aro conotanto.
Chapo & d44 loborntory onporiconts on point-toe

plons dioebkapie and oloo otudiod Qiochorgo £ron pointo
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o%toohod %o coxoplane. Ho guggosted that tho corrcot
dotion pheuld Wo of thoe typo

Tok(V-V,)vV oo (8.03)

vizpe V3o tho potantml of tho point with rospoct
So ito bumdingo. To tho minfirum potontial to
otoxt point Giachango; ¥ the constant oand v tho
voloeity of ionn. In no wing, v ie prOportiaﬁﬁl to P
and (3.08) boeornos oinmilar to (8.01) and in high wind,
7 @ ¢ and (5.,08) takos tho forn of (8.08) with ¢ = 0, ~

© onalrawo®® moo ouggeotod that v ohould bo
talon oo vogtor ounm of W and aV, oo that

= G(V—-Vo)(ﬂgéua Va)g/g e (QQW)

Hora oV rpoproconto tho ion apood &n £i0ld. Iasypo
ond ?ioruo?a
ourrent thrsugh a point in the ctooophoro, oaintainod of

high potontinl,

¢onfirnod thio rolotion by moaosnyononto of

97 mao dorivod a thioretical

Rocondly Chalnoxd
polation takingz cono ocoscunptions vhich can do fairly
juotifiod. Mo ghowg that for high wind opoodo tho point
Adochorga through an io0latod point can de Toprosontod

by

IeoBme (V-V,) U s (8.03)
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vaexe € 4s tho pormittivity of frae opaecs. Thia nay
Mgthor bo oxtondod to

T o 8c3(v - TP o w? F)/2 .o (3.09)

vidre w 4o tho nobility of iong,

Thoroforo, vo coe that tho oxact naturo of
dopondonco of point-diocharge current on £iold and
wind opood 40 otill not clear and noodo furthor
ozxparinontal ond thooratical ozploration. HOmo, wo
have measurcd point-diochorgo currant f£ron an isolatod
oxtificinl charp point along with ¢tho nmeacurorent of
potantial gecdiont and wind opood. Tho rolotive pooite
dono of point, agrinotor and anomomator havo alrondy

becon givon in Chaptor .

0.0 OB3BRVTATIOTS

in all, a roeord of nbout 46 hoursc wao analycod,
ond sony otho®P eacas woro rajoetcd boeauvo thopo word
0% ouitablo for analyois. In thon cithor tho variantions
in point-dlnchargo cusront, wind 69@06 or potontianl
gecdiont woro vory rapid, or oono of thon hed gono out
08 oeqlo, Kop tho oonoitivity uocad txt that $4co,

Cacoo of nogotive point-dficehorgo eurronto woro
coparatod £xen thoco of pouidtivo pointediceharge cuEzondo.
Choy wopo Gividod into difforomt groupo of wind-opood
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fanon of 1 /o width amd tho variantion of point-diachorge
CUREONo -« Hoth nogativo and pooitivo. with potantianl
grodiontso woo atudiod coparntely for oach gweup. Tho

doto wao aloo dividod into Aifferont grounn of potentiond
pon3oo of 2 [V widdth and tho variation of point-diacharzo
carront with wind opoed was otudied for onch gxoup
coporataoly.

Pig.12 ohowa, for ono particular coso of W = 2,6 €o
3.8 n/pec., tho variation of positive and nogative poind-
diochargoe carronto with potontinl gradient which hao boon
Zourd to B3 linoar. Dottod linos show tho enlculatod valuos
0Z point-diccharge currentsy, £ron thooretically dorived
zolation (B8.03) of Cholmors. The ageooment io fairly
gatiofootomy for currontc of both oigns. Positivo eurrontoc
oo lorgor Shan tha nogative ourrento ot emotont potonte
4al gradiont and wind opood, a roocult oppocito to that

obtainod by [dinor and Ghalcaroqu

Pi3.20 chono, for ono porticular cago o ¥V o ?,GO
%0 2,00 XV, tho voriation of point-diochargo curronto
of both algnn with wind opood. Cireloo ropzocont tho
razative enrront voluoo whilo oroosos choeo thy pooitdvo
gagsont veluno. Tho curront firat inerencos with winde
oraad but thon beconocs eonstant.

Equoatlon (6.08) can do ropracontod by

IoQ0(F-1) oe (B,20)

&y, /¢)6~O‘/4
aﬂaaawwwwwmmn
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FIG.19.VARIATION OF NEGATIVE (A) AND POSITIVE (B> POINT-DISCHARGE
CURRENT WITH POTENTIAL GRADIENT AT WIND SPEED =3 m/A.
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FIG 20.VARIATION JF NEGATIVE (DOTS) AND PNTITVE (CROSSES,
POINT - DISCHARGE CURRENTS WITH WIND SHEED AT V
=700 T 900 KV.
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aoro ¢ 4o o conotamt, U0 ploticd ¢tho valucn of ©
cinot U ond tho variation fo chowm in £43.°1. I¢
40 aotowzesthy ¢that vhils Rirlman ond chalcoeovs and
[Hisor and cﬁalmszusv havo roportod thic variation ¢o
ba lincar, in ocur cool it tondo to bo conctent at
hiszh vind opoodo. At lowor wind opoods, howavor, tha

variation of € with U 1o nearly linocar.

Vo dotornined tho voluos of conotamto K and o
0f relation (5.08) Lor low wind opoofn. To coﬁpurn 7ith
tho valuos of Xirkman ond Chalmorn, we prcaaﬁz thon
Bolsa, both Lor mogativo and pogitivo point.dipcharpe
eugranto

I_ = 3.14 x 1079 (2.84)(P~338) e (0.11)
T, @ 0,64 z 107 (00.60) (P-262) .o (B.12)

vadeh axe volid ot 1o wind-opoodo only.

8.4 DISCUISIST

T2 onporicontal roculto chow agrooroat with tho
Oioorotical molation of chalcern?v. Aloo thoy chow 0500
Comt with tho molationm of Kirkran and Chalmown' S, at
3G wing op20ln. Tho oboorvetiono that point-discharpo
cnzzonto £420¢ 4increnso ond thom boeono conotont ot
Bigh wind opoodoshao cloo boon indleatod praoviouoly by
Tondnorg ond Enploaon?ﬁ in thoir omporicontio with pointao

oftashed $9 Dalooag, Uhion moprTocoad o DeSLor onomnio o



an foolatod point.

Valua of 7V, 1in our obsorvations is 5.31x10%7
for nogativoe curronto and 3.983103V for pooitivo
@ﬁarenze, To conpare with, this voluo wac found by
Rigmon and Ghalnors ¢o bo 8,0x10°V and 7,4x10%%
gor 27 m and 34 m high points respeetivoly Lor nogativo
cugxonta, Chopmon found it to bo 8 ¢ 4 x 10°V ang Iargzo
and Ploreo, 931o3v‘ Tho values aro gquito comparable
gmoidoring the varintion of ¥y with hoight and ohapo

of tho point.

Convorting tho equation (5.11) 4n torms of potone
101, tho conotant comoo out to bo 19.8x1070 vhich fo
woaroy to tha valuwo 14316*9 of Chapmon thea S0 tho wvoluoo

6.9m10~9 and 4.5110~% of Chalmoro.



CHAPTER VI

BACESS POIIT-DISCHARGE CURRE?S DURII®
RAPID PIELD-CHALIGES

8.4 IOTRODUCY IO%T

@ hovo atudied in tho provious chaptor tho.
variaotion of nagnituaa of point.diccharge curront with
potentinl geadiont and wind epood. In oll tho worl oo
far dong, it has boen boliovad thot for a givon height
of tho point abovo cat%h, thero ozdoto a cortain
nininun epitical potontinl gradiont, boloew which no
point dicchapgo occurs. Thuoy to got point.dischergo
curront tho corresponding potentinl gradiont must b0
hisghor than tho eritical. In tho prosent wozlk, tho DO
ftudoo cnd diroctionn of tho point.dischargo curront
gron the icelatad charp point during poriedo of faot
potontial geofiont chanmoo havo doon otudicd (Koora
el VQzahanaya?a). By fact £i0lG-chonzos ©2 nean hord,
tho chnngoo aogociated with lighzaing diceharges.
Turing these faot changes of potontial graliont, 4% hno
boon oboervod thnt tho point.ddacharge curront £1670
ovon £ ¢ho eorrooponiinzg pOtontincl grediont 4s bolew
tho eritienl voluo, Anothor odoorvation fo Shot tho
dizoetion o eﬁo point-diochrezo curront at ¢timoo 4o

¢k opposiio of tho poiontinl grodiont. Tho oboorvad



phancoona havo beoon givon o ¢hoorsticol jurtificatione

bath qunlitative and quontitativo,.

TR0 effoet of potential gradiont ana‘winﬁ
opsod on thio anomalous bdehaviour of point-dicechargo
curront, hao algo bdoon found by analyoing tho data
obtatnod in thio laboratory.

6.2 OBSBRVARIONS

Point-diocchrrpge current io, under normal
aircunotanees, aocurod ¢o dopond on ot loaot two
porocnotoro: tho potontinl gradiont and tho wind opood,
Ty point.disoharge eurront firct‘appoara 0t o opiticol
(throohold) potontinl grodiont, F, , ond thon for ol
chcngoe of potontial gradiont, P(P > P,) cnd at conotome
wird opoedn, tho point-dischargo curront voriog with
i%. Convontionally, pooitive potontinl pgrcdionto pgivo
gico to pa0ilivo point-digcharzo curronto ard vico-
vorga. Horo and in tho following, Loy tho cako of
gonvoniones, wo ohall ¢-noider tho cace of pooitivo
potontial gecdiont, 4.0, wo ohall take tho carth ¢o BoO
Lantive,. Thup, thomo awo two eritieanl potontial gecdionta,
+Py ond &P, o ond tho wogion lying botwoen thoce tuo
volues (¢ Dy > P > =Ip) 10 a cort of a *dord cono® fog

paint-dicelnszo curront.

Caz oboorvntinno of point-diocharpe curson

furinz olsu chengoo of notontinl gradiondo oro indodd
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in eonfornity with tho above undoratanding. Por
oot chanzoo of potontial gradiont, such as ard
oeaaeiatod with lightning discharges, the ¢orrig-
ponfing chomgon in point-diocharge curront ara,
howover, of difforent noture. A record of typical
oboorvationo hao haon roproduced in £ig.22, vhero
gaot changing potontial gradiont, the acaspociantod
point-dicchargo ourrant and the wind opeed for
tho oame duzntion of timo hnave bean ahotm, Tho
following Locts como to 1light:

1. If the potontinl gradiont ouddonly fallo
geom an odovoworitical veluo to omo delow oritieanl,
thon contyaxy to tho onxpooctation that the ansgroclatod
point-diochargo eurront coacod ot the critienl vniuo,
0o ooon oo tho #otautial gradient crongog tho oritical-
valuc lovel thoro occcurs o pulao of nogative pointe
diochargo cugront. Thin nogntivo *point-dischargo puldso’
gecuro for ovory ‘aftor-dischargo® potontial gradiont
bolow ito pooitivao ozitieal valuo, Capeo 0f this nogOe
tive pointediochnrge puloo have boen obgorved whon tho
‘agtor-dioeharge? potontiol grodiont 4o pooitive om
zogativo op ovon 4if it io goro. So, tho *docd-gonot fox
point-Ainocharge curront which oppoors in oslow potentiol
geediont chongeon, vaniohos howpo and, inotoond, we got

nogativo pointediocharge pulsocs.

?. If tho 1ighining dincharpo rovorooo the
pooitivo p2tcaticl grodiont ¢o cuch an oxtoat that ¢
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in econfornity with tho above undorstanding. Por
gcot chanzoo of potontial gradiont, cuch ap oy
acsoseiatad aith lightning digeharzec, the IrrdGe
poading cheozo0 in point-diacharge curzont are,
hovover, of difforont noturo. A vocord of typiecal
obooervations han beon roproducod in £ig.22, whero
£oct changing potontinl gradiont, the aooocintod
peint-.diochnrgo ourront and tho wind opeod Lor
tho como dueation of tico havo dboon choun, Tho
gollowing Laecto como to lighd:s

1. If the potontial gradiont omidonly fallo
£2om an abovo=critical valuo to ono delow eritieal,
thon controyy to the oexpootation that the norociatod
point-diochargo eurront coacod at tho ceritienl valuop
0o goon oo tho batauﬁial gradiont croosoo tho oritical-
valuo lovol thoxo oceurso a yulaoo of nogativo pointe
dicchargo gupxont, Thio nogativo "point-dischargo pulso?
gecuro for ovory ‘aftom~dischaorzo® potontinl pradiont
bolow ito ponitivo opitieal valuo. Caseo of this nog0e
tivo point-diocharpe puloe have boen obgoxvod vhon tho
Yagtor-diagchorgoe® potontial grodiont 4o pooitivo op
nonativo op ovon 4f it 10 pord. 8o, tho ‘docd-gonc?® Lop
point=-diocharze curront uhich appoars in gloew potontiol
gec@iont chompgoo, vaniochos hewo and, inotond, wo got
nejotivo pointedioohnrgo pulsoo.

2, If tho lightning dAincharpo rovorooo tho
poaitivo pcatinl grcdiont to cueh an oxztomd that 49
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oculd by itoolf astart tha point dicchargo (1.0.
ohave fto nogavivo eriticnl voluo), thon tho
corroopmiing pointedicchargo puloe has boon found
¢0 be ouch 2arger thon vhat ¢ oould havo toon, had
tho potontinl grodient changod ito diroction plowdy.

80, wo ecn ooy that in ouch cagos o got an *oxcoso

point-diceharge curront'’.

Tho phonomonon ia true for bath pogitivo
and negativo ficld-changon. It should ho montioned
horo that wvhile tho potontial gradiont, ag woll
Imeom, fallo axponentiolly fron ito *aftor-diccharzo?
voluo, tho pointediochnrze carrant on tho othor hand
bocemes sord irmediatoly ofteor giving o pulco.

S« Ono noxo intorooting footuro 2f ¢thic
ponomonon 89, that if tho lighening dioneharpo,
tantead of Qoerensning the potontial grediont froa 4¢s
gbovo~critical valuo, inercaccoo it rapidly, thon tho
gorrooponding point-diccharge puloo 1o of thoe oceno
noanitudo co it conld have boon, had tho potontial
geedtont rocehod that aftereliaocharge valuo at a 0low
rate. It noomo that the ‘anonaloug! bohnvionr of thip
point-dicehaggo curront {0 aspcociotod only with tho
gopdd rovercal of tho potontial gradient,

omoovor, Lor tho oxecoo pointeidicchargo
cgarront ¢5 anroar, it 40 olo9 noesnoory that point
ddsehenpo chould alrosdy bo ogeursrins at 1 proe-

Niochanso motentiol grodiont, I€ ¢hore 40 n2 pointe
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Qfcehargo ot *pro-diccharge' potontial geadiont, thon
I noznituldo of point-dicchrrge curront at ¢ho
‘aftop-dicchargo! patontinl gradiont ( provided it 1o
abovo eritical valuo) is tho oeme no nattor vhother
tho potontial gradiont increases or doercasoa, or it

ehonzos rapidly or slowly.

tho above points will bo geen 1lluptratod in
£47.22, Tho ra~id potontial pgradient changoo aro duo to
lightning dicchargon, Tho potontial gradionto at 16.70,
18.38, 16,33, 10.39 and 18,66 hours doecrcass bolow tho
opitical potontiol gradiont (262 V/n) and romain nogativo,
tvhilo tho eorracponding point-discharge pulcos aro
pooitive. T potontial gradiont ot 18.48 h rovernod
£eo0 nogotivo to poaitivo, Tho valuo of point dicchar
Guo to thio pulcoe, though pooitivo, id graator than ¢
tould hava Boon hod thio positivo potontinl grndiont
ogwived ot clouly. Tho ranid chnnzoo in potential ggadiont
o% 16,12, 16,14 end 18,17 houro do not give any oxecao
point-dinobarzo ocurrcnt sincoe tholr diroctisn incronoos
tho pro=Gischargo negetive valuo. Tho two rapid chansoo
a$ 16.03 and 18.03 hours chould not bo gonfucod for ozedos
point-diochaszo curront, sinco tho potontial-gradiont
gaoponos ot thooo veluwoo dooo not romain linoar with Sho
ucad genoitivity of tho umplifior. Ono point-dicchcye
poclkt at 18.08 hours could not bdo recorded duc to sono

nosnal-arranzoront in the recorder ot that tino.



8.3 THBORERICAL DISCUSSION

G@éﬂider the cace of on earxthed point in
positive potcnticlegradiont ond lot us otudy tho nochr-
nlan of point discharge through it. As the fiold
incrocoes gufficiently high, ionisation Guo to colle
dolon talzos placo and mora iono aroc produccd round
tho point, ?heée fonn are influencod by oloetric £iold
and wind opood. [ot uo follow tho nosunptlon mado by
chﬂlmeravv
bo dividod into two regionos (1) The flolderogion,
vhoro field is the prodoninating factor to govaorn the

vis., thot tho volume round tho point ccn

notion of lonp, and (2) Tho winbe.region, vhore wind
mozoveos tho iong. At tho boundary of tho two rogiongg
tho foreoo om tho iono duo to oloetric £1014 and winl-
opocd aro oqual. Incido the fioldexogion, due %o $ho
ozdoting olaotrie £1¢ld thy ions of oppooito chargoo
will coparato and, thopoforo, tho £10ld.zorion will
3ot polaricod, Positivo lono will accumulzto noar tho
point whilo negative ions near the dboundory.

Int ¢tho positivo potontinl currvounding tho
point bo ¢V, cnd tho ecriticnl potontial to otort tho

point dloeharge bo Vg3 ¥ > V,. Ac ¥V docrcagos, londonte

fon ond eornocauently, point-8iccharge curront, deeroqsds

¢4ll ot VoVao 4% bocoanos coro. All tho fong .pound tho

point, oo ro0vod by uind., Thug, point-di~chargo cugpsont

eppoara only ot potonticlo ahovo Vb; At lowor potonticnlo,



a0ally onoaling, thoxo ase no fonp availadblo and
thoroforo o curront. If, howovor, fono could

oecohow Bo 8o availablo at potentialg bolow Yy, o
thorao could do a eorrooponding point-dischargo

cuzrront alco ot thood potontianlo. Thio 1o chat actunlly
hoppono in ¢ho coco of rapid potential groiiont chanzeo.
Duwing rapid dooxoage of V upto or bolow Vor moro of
tho positivo fong, around tho point aro ‘cqueesod-out?
of the ficlderegion, and since now thoro lo no moro

ion production, t10 £i0ld rogion io £inally loft with
on oxcosp of nogativo iono, At this atage thoro oxioto
avontually o trangiont 'local potontinl gradiont! which
1o zov-roo 4n 8iroction to tha'orxginal odnoaphoric
zotontiol ggaﬂien%.'ln t'iio cnce thio local potontinld
ge~Qdiont Uikl bo nogotivo. Simeo, normally, point
ddcchorga ecapos $o ogeur at V=V,, and ia tho procont
0250 GO (08 2oantivo pointedicchorzo cuproal bolow

¢Vgo WO tolo tho coounption that thio local potontial,
dovalopod apcund the point, is oquol in ponitudo

(tat rovorco 4n diroction) to tho potential at chiech 4%
otapto to BTalll 1,0. =V, + 34aco the potontdal grodiont
ehanros vory rapddly, ond tho lecal potenticl sradiont
dowolopa irmadictoly, tho mogativo lono of tho £10iCe
ooitong, (42 oot doﬁ gufliciont ¢ico to mova ooy with

o wtnd (oo thoy Ao in olow petontial gro’lont chansgeo)

el oo o rrnc 3 oy oRn ateraetod ond cboosdod by $ho

5o4at urdcy o 0fLoat o€ losal potonticd rprdicnt,

89
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zCshor than ¢ho nornal atmoopharie potontiol gretiomt.
“hioc giveo gicae to o nogative pointedlochorzo curront.

2o coon no o olroady procont concontratioa of nogativo
donn is aboosbod or romoved ovay with wind, point-
diochorgo cuxzont beconec sero. That 1o why wo got pointe

ddochargo puloos, and not contimious current.

Thug, rapid Gocrease of ¢V produces o local
potontial grodiont which, bdolow V=+V,» nokeo tho
dizoction of the total potontinl grodient nogotive and
givoo rico to a nogativo point.disgchorgo pulce, In
other wordg, wo ean say thet tho goro=lovol of potontial
gradient with roopect t¢o tho gero-level of pointedischarge
carpront, heo *ghiftod! by an amount Vo in pooitive diroct-
don. Thio ohifting of ooro-.lovol® shall w0 oxplainod Lurthor
in coction 7.

To ealculato tho point~diccharzoe currzont beforo
cnd aftor a 34ghtning dischnrzo, consider cny pro-dicebargoe
patontind digforoneo +V, betwoon tho point ond tho atroce
paore. Accoxding to Ghalaarovv

carzont 1o givon bys

s polnt.diochargzo

I o-80C (V-V,) ¥ .o (6.01)

taora U 1o Sho wind voloeity, € tho pormittivity of
gzace=opoeo cul Vo ¢ho ainimun vrluo 02 V  Lor poind
Gdoohiargo ¢9 Jcoup. o7 cumnoso Vo roducos o VP aglor
Q8cobarpo, cueh that V' ¢ ¢+ 7. . Tho mochenion of pointe
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dlcehnrgo cagront, aftor diccharge romaining tho ooz
an beforo ¢ha di~choargo, oncopt that the potontinl
grcdiont 1o difforont and roveraord, wo can aply

0g. (8.01) in this cans also and writo dowun for point-
diccharge curront aftor dischaxgo, aos

I' o w Qﬁe(V' - o)w o (3002)

It phould b notod horo that YV, in tho two
qquationn hao been introduccd for two difforont roaoono.
In oq. (G.01) Vo hoo boon put to cceount for $he minfoun
valwo of ¥V %o otert point diochargo. In tho aftor-
di-chorge otatoy thovro 40 ns such noed. Yono aro almzacdy
poocont thoro and vhet 10 noodod, {0 only o propor potontial
gecdiont ¢o attraet thon, But wo hawo juot cooh that a
zopid chcago in potontial comaes o fohifting of tho Coro-
30%01* by V, in pooitive dirvoetion. So tho offoetivo volmo
o€ UV ohall to (V° « V).

Proa {G.01) and (6.02) wo ooo that whiloc (V - V,)
40 alwayo pooltive (V > V,), (V‘ - Vé) oholl olunys bo
mogative (V¢ ¢ Vo)e 00 Shat tho dipootions of I and 1°
ohall olwayo bo oppooito ¢o each othor.

Froa (G.01) and (68.02), wo gots

ViV
"= Y mg .o (Gow)
o
hio 0datlon glvep cerno Angorooting sOculto
gr2oidoring Adggoront valuco for V¢, Faking 0 eaco oF

T poluelny G2on pooitdvo o nogative dixoetion, wo 208
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tho followings

.MV 2V, , I =0

v
o
¢ A ' v
8. M V' =Yy, I§ n-{?I-v:%;
:a..gxé |
| VeV
‘3.1\‘3\”&-‘? 9 Iz} ﬂ-x -"
0
gvb
= «I(1 ¢ =)

oy I& O wl ¢ X§ o

The lgat eaoo onplaing vhy wo got an 0e0ss peinte
d3ochargo cuzxont uhon V! erospes Ve in tho rovorao
désootion, I aloo oxplaing vhy thoro 15 no o0Zedas poinde
dlachargo cuspont whon V 1nc§oauaa inotand of doexmdcning.
Tho omecos of curront I§ 4o duo to tho chifiing of noro-
Eovul»of Va cnd in tho eaco of ineroasing V, thoxo oecuro
no cuch ohife,

On ¢he baocdo of tho abovo, ioniéatlon at tho Pide
Aceharge potontinl 40 oocontinl ¢o cupply donog ao woll oo
{0 produec 1ornl potontind gradiont. Thoxoforn, i1f ¢ho
noo=diochneo potonﬁﬁnl'io boler V,, thoro chall B2 20
0z2000 polintaAinchnrzo curgont nt tho aftov=diceharso
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potontial alol, as indood is in our oboorvationo.

Ge¢ COUDITICT FOR THE PRR.DISCHARGE CURRENT

AND TRU ALPUR-DISCJARGE CURRENY 70 BE BYWAL

I¢ will Yo intewonting %o find cut such values

of V ond V' po that the point-discharge currents at
%hose two potontinls bBo egual to cach othor, lat for

any partiecular valuo of V, tho corrosponding value of

7% vo

V'ﬂKVo

thepo K 10 o conptant,
reea (G.08)

¢ (K‘-l)vo
S T

o

go 42 I° o .1,

Ty =To (Ka1) T,

or Ve (2 «X) v,
¥

o (2. -%)va
or Vo 806 - V¢

«» (8.04)

as (6.,03)

oo (8.03)
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oadch gives ¢to oquizod condition., Sond of Sho £ollauing

onsudeular cuooo, will 4lluotrato tho phoncconons
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.48 Vay, , Vev,

2. 8 Voo o VoY,

S.4t V' alV, , Vo,

3.8 VARIATIO] OF BXCRSS ROINR.DISGIANGE CURRIIT
VIPH POGITIAL GRADITTIY ATD UIUD SPUID

Rogcords of a poriod of noro than aovun'nontao TORQ
gaviowed and noro thon 0 avonto wowe found in vhich ¢ho
dota could Bo onalyned to econparo tho obocorvod valucq
with thooo enleulotod thooyaetically. Quito o mamy ovoaton
uezo loft oud bocauso of thoir ambiguity. Thoro woro tho
eacoo in ohich oithar tho ovonts ocenrrod 80 quickly dn
puceoscion that thoy ovorlappod cach othor oz that ¢ho
PR=Glocharso or agtomsdincharzo voluoo oont out of pEalo
baing ucod ot ¢ho tico and thmo could not ggiva doginito
valuos. T2 cologted ovonto woro dividod coparatoly inte
Graups of n30rly oqual uind-opcodn and aftoredi~ehnpso
posontianlo V%, Por oach of thoco groupo thooxotiecd wolwoo
02 aftor=dilachargo point.dischoro curront wors calculated
gzon (6.02).

?4z. 923 ohowo the varintion I! with V¢ ot comolont
olnd opoodo. 3¢ ohould Bo nontifonod horo that no eongldope
ntlon wan nofo of positivo and mogntivo £i0ldechanioo’
copazatoly. Tho poleridy of cftoredigchrrgo potonticl VP,
gbotod in S0 £83., dopleto only waocthor ¢ hao moworcad
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FIG.23_VARIATION OF [" WITH V' FOR SMALL RANGES OF W.CONTINUOUS
LINES REPRESENT THEORETICAL VALUES AND DIFFERENT
POINTS REPRESENT OBSERVED VALUES

A FOR W =5m/s o FOR W=45-55m/s
B FORW =23m/s x FOR W=18-2.8m/s
C FOR W =09m/s « FORW=03 m/s
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FIG 24 VARIATION OF | WITH W FOR SMALL RANGES OF V. CONTINUOUS
[INES RE- HESENT THEORETICAL VALLES AND DIFFEREANT
PCINTS REPRESENT OBSERVED VALUES.

o FORV'z 44 TO+1KV
x FOR V':4+1 T0-2 KV
o FORV'e -2 TO-5 KV

A FOR V' = + 25KV
B FOR V = -0.5 KV
C FOR V': - 35 kv
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ito ddroection o not. Sinco I' alvayn channoo diroote
lom, it 10 al.oyo mogotivo. Tho agmoonont botwosn tho
abcorved and caleulntod voluos for the meoogeo otatioties
availadlo, 1g not bod.

In £1g3. (23).1t will do notod that, vhilo tho
valnoo of I' in glow £iold-changos would eonvorgo at-vb,
in the progsent caso thay oro soon eonverging ot @Vb 5
tho point dicchargo ocours 0loo in botwoon <V, and =V,,
Thic juotifioo tho 'ohifting of the sero-lovol’,

Pig. (?4) ohowa tho variation of I' agoinst U
ot constant V', Tho agrecmont botwoen the obgorved and
the colculatod valuog Lo good for higher valuog of VO,
Pop lezor valuoo of V¢ tho agrooment 1o good only ot
lcor wind opoodog ot highor wind opecdo thoxo io
ineronaing dicogwoonont. Thio o, howaver, not'curpzicq
inz. o Bmow that for valuoo of V! bolow - V5 » point=
dicehargo cuzrpont ic linitod by tho munbor of lonag,
olracdy avaiinblo thoro and vind-voloeity itoolf 40 mo
don-producing agont, 80, tho point.dischorge currond
chnll vary vith U only upto o portioulor valuo of 1%,
LEooovor, ob highor valuoo of V' tho froch produection
08 %ono can $ake placo and give a lincar wvariation of
Z% upto highor valuoo of U, oo proeice conelusiono

can bo drcun only oftor colloeting nore data.
3,0 COCEUSES]

Pery tho ehooevationo, wo esneludo $hat ¢ho
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asturo of vorlotion of point-dineharge curront-doth |
in {to megnitude and dizootion during foot £iolde
chongos ic GRfforent £ron that during olow £1014.
changos. A1) the fast fiold.changos, hovaver, do not
bobavo difforontly. Tho oxperimontal obsexvations and
thoir undorntanding load ua’to o eonaition wh1eh nust
Y0 sotisfiod by fapt fiold=changos for tho phonomenon
of oxcoss poing-dischargo ourront to do ohaorve'd. In
toms of potontialo, this condition can bo atatod asy

V)Vo.it LA

dzreopoctive of tho diroction of £iold-changoo,

8000 nosumptiono nado to oxplain the phonomonon
Skooretically, coon juctifiod by tho agroonont obtaimod,
oithin noagro otatiatina, battroon tho oboopvod and tho
@leulatod valuos. A loggor atatiotics of ovonto, of
gcurcoy will Bo a pooitivo contribution ¢o further
ootodblioh tho dogroo of cohoromoo botweon the obsorvationo
ang thoozy.
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RBSUOR

Atnoophorie olootric potontinl gradionto,
pointe-diccharse currento from an isolatad ortificial
charp point ond oind opsed havo been rocordod for ono
Zul} yoor alang‘uieh tho rocomding of atneschorie
tomporaturo ond rolativo humidity for four nontho only.
Tho posulto odtoainod, hove bdoon 4ivadod into ¢wo parts.

The firot part doalo with tho ohoglde, and long-
tio variationo of potontial gradiont on' tho offoet of
wind on hn, Diusmols, Cocoonple, and anmunie varintionn
0¢ potontial gradient and ito oloetricsl apitation havo
Boon studiod, Tho affoet of wind ond toapo?aturo on guch
voarictiono o haoon anplatnod by aesguing thot Guod
pasticlos coarmy nogativo chargo tith thon wvhon thoy aro
ctmﬂpps&-off gzon tho carth®s curfneo by oind. [HROOVOR,
the pain ecuoo of ologtrieal agitation hao Boon found ¢o
bo £roo=coavootion in foly woathor and forcoa;aonveaﬁian
in dipturdod voothor in cddition th chargoo in eloudo.
Tlogtzical ogfivation hao boon Lound to vorygnot linoariy

an reporiod by othnrdaa”oﬂg with ito olomontevaluo.

An obooxvation of tho 0£foot of o 02d0Pw00lipso
on potontiod geoadiont hao aloo bdbaon dooceribod in vhiech
20174490 pockio, durinz the pordod of oolipso, havo boon
obcazvol,

In cocond pawt 9% tho ¢$hoodo, eornointions of
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RBSUOBRB

Atnoophoric olootric potontial gendionto,
point-dioehorad currento £rom an fsolatod artificial
chasp point and wind opsed havo boon rocosdod for sno
£all yoor al@ng'uiﬁh tho recowding of atnesthorie
tomporature and rolativo hunidity for four nontho only.
Tho rosulto obtainod, hove bdeen 4ividod into ¢uH pario.

- Tho firot part 4oslo with tho chozle, and longe
¢ine varictiono of potential pgradiont om? tho offoet of
vind on thon, Dinmrnle, claodnole, and anmunle varintiono
of potontinl geadient ond itg oloctrlicsl apitation hawo
boen s%udiold. Tho offoet of wind and tomporature on cuch
vaziationo hoo baon onplainod by orpuing that Guot
particlos capgy nogativo chergo with thoo vhon $hoy axo
nﬁﬂﬁppoaaaff gzon the ocarth’oc curfree by wind. DHROOVOR,
¢ho ooin ceouoo of olootrieal apitation has Boon found Co
bo £xoo-convoction in folr woathop and foreo&annﬂecﬁaan
in dintusdod voothor in cddition tﬁ chargoo in elondo,.
Dloetrical azfitntion hao boon found to voryynot linaaziy

a0 Popoztod by othorao%d, oieh tte olomomtevaluo.

An oboorvation of tho offoot of o porlor-oelipso
on potontind grdiont hoo aloon doon doseridold in which

7071704V poalic, during the poriod of oeclipco, havo doon
e]vIow} arie ] 18

I cocond papt of tho ¢thoodo, eorrolaticaon of
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potontial grodiont, point-dinchnrzo curront and oind
iggff%:@arggg olow and ropid £i0ld-changoo havo boon
ddcencaod. Ea clod AFEhng; tho-Tasulto havo boon
poetinlly, Lound %o bo in oxxoondnt with thogo of
Ghe!aorow oad Kizhnon ond Ohalnum?S (ot low wind

opacdo), for both oigno of tho curront.

Durins wapid fioldechonzes, cousod by 1ight-
alng dischargos, howavor, cur xocultn diffar £ron
thoco of othoro, in thot, wo dioccovered o rew phonow
nonon of ‘onedno point-dicchargo current'! dueing thoco
Popid fiold-changoo. Yhioc hag boon oxplainsd on tho
Yoodo of deﬁolnpmﬂnt of o 'local potontial gradiont?
round tho point. Tho oboorvod and theoretically calow
ulntod voluca havo boon found to by in czrocont,.
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