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IDTROMM/OU 

`rho =Moot of Atnoophoric Eloctricity doalo with 

olootricol proem:Joao occurring in tho roalont  in hotcoon 

oarth and tho upper at000phoro• Tbo spectacular natural 

anaifootation of lightning diochnrgo 	obviouoly, the 

firot to attroct the attontion of poionttoto, ouch ao 

Pranttlin, Dalibor and Lomon000v, intho middle of 18th eontury. 

Lcnonalor t  h=ovor, coo tho firot to notioe tho olootris 

ptoncaona in the otmoelhore in the obconco of oloude and thorn-. 

after tho cloud° and thundorotoroo aaro rogardod ao to be 

eloy.ay flold.diotorting agonoloo in the atnooihoro. Since thono  

In thio lord ported of moro than tao conturioao  favor-grazing 

°Wort° bniro boon modo to bettor undorotand the phyolcal and 

nothcmatical picturo of the phonopona, both In fair and 

Gloturbod coothor conditiono. Rnportmontal tochniquoo hove 

boon it prov13 and oboorvatione have been ontondod to larcor 

hreadtha of opoco and time, but choreal) co have colloctod much 

of factual kn,clodao, our undorotanding of the bade phpioal 

procomoo holland than°  hno not Hone up in that ratio. 

M.:00ailiViirf 02 TAR IVEZOSinitIRE 

Conductivity of the ataoophoro, Witch =to firot diocovored 

by Ceuloob2  io maa oell ootabliohod facto It la firely boliovod 

tt4141.1 ionioattn of the air occuro duo to the radioactive radio- 

W.= it103 cZ o Raldionctivo matortalo in the earth and 01:7 and 



at:* duo to tho coomic radiation° coning Frog outoldo 

no for rootrial atmoophoroo thilo coonic radirttions ionic° 

the air at all lovolo of the atmooltoroo  the ionisation duo 

to maloactivo radiation from earth is conftnod to the 

altitudoo and on land ourfecos only, At °donne and 

polo° covorod vith thick layers of Iw o  coca° radiation° 

aro tho only doolnant cout* of ionisation cad their 

Wonoity of action incromee pith altitudo4 

Thom radiations otrip.off negative olootrono trap 

noltval moloomlos leaving any positive nuclolo In the 

rogiono of tho atapo'horos  Pe aro concornod withlfree 

oloetrono can not oulot end moon they attach themoolvoo rtith 

ttI3 =Arra noloculeo, making a cluster typo of chargod 

pavticlot !mom ao ion. Theo° nogativoly and positivoly 
6=304 1=111 Iona' aro lnrgoiy rooponoiblo for tho conduct. 

ivity of the oZ000phorot At land station°, th000 °moll tone 

attach thencolvoo ulth cat ill grantor noutral particl000  =Oh 

ao condensation nuclei or pollution particloo and fort tho 

oo=calod llar3o lone'• Broadly opoafting, all the atmoophoric 

lose havo boon groupod into throe catogortoo mith roopoot to 

ttoir oi000 i.o, =all ions, intormodiato iono and largo ions, 

tholv Ionic nobilitioo lying in tho range of 1.8, 106° . 10.  
, 

=I 10 . 
104.43 

 calli.mo• roopectivoly. Phyolcally stroking 

tt ooconco of mall ions is their char go ohilo charao on 

inv3o Iona to only incidontalo 

The =11 lone are dootroyod by rocothimtion ulth 

lo.o of oppo3ito oign anI belly nttadhod to rmn lc raw =atria 

2 



poloculoo* Tho oquilibrtum oquat ion for anal Iona any 

bo yritton ao bolo-at 

la  q "11  a rt. 	of 	 (1) 

Moro n 10 tho number of =all ion°, q tho rata of 

ion stroduotion, a tho coofficiont of rocodbination, 

tho 000fficiont of attachment, and N tho number of 

ancloi and largo ions of oppootto oign. flora it two boon 
commod that coofficiont of attachment and coofficiont of 

rocambination vitt' largo Jana of oppoaito piano, 02,0 

nonrly equal. 

Tho nuabor of largo nucloi and lona of oppooito oign 

So very sp& 1 comparod to numbor of mural Iona of 

0E-ova/to pin n ovor the ma, co that oq,(1) b000moo 

y a ng  ci 

OT 	n 	t a
12 

a 0  (2) 

On tho other band, over land, n is vary' omall 

ocmpnrod to 110  and thuo 

3 

os,  (3) 

rtrao  co ti1771 that conductivity of atToorle X 



lo ropr000nto4 by 

X 0 nok 	•• (a) 

c7'4'ro no  o and It ropr000nt tho numboro  chargo and 

'nobility of =all tow roopectIvay. 

Prom oquationo (3) and (0), us coo that 

 

• (5) 

and wince the potonttal gradiont is ivon by 

$ a i • 0 (G) 

Tahoro I lo tho ai .oarth curront o  zoo balm 

R 	.4. (7) 

Thuo0  if tho air.oarth currant io conotanto  tho 

potontiol arndiont lo proportional to tho nuabor of nuoloi. 

Diurnal and mammal variationn of claductivity of 

the atmoophoro aro Influoncod by tho corroop/ndinz champ° 

In the ionloation intensity and pollution concontrations 

Coneuctivity Lo mom in night and becomoo loon in tho dqy 

tAco duo to inoroaood pollution in tho nt000phoro, 6031no  

duo to tho on romono  conductivity to nom in cog than 

An ointor, Claductivity incronoos with altitmaoo  noarly 

4 



onponentially, which pry, obviouoly, be onpoctod duo %11$ 

imreacod lonimtion activity and loco pollution donoity 

at hi-hor altitudoo, 

The offoct of pollution of tho atmoophorlo may be 

oath rated fron, the fact that about half of the columnar 

toolotanco 1004 roototance of 1 C32 crose.eoction of the 

column of the otmoophoro botcoon the earth and the iono-

aphoroatlhich boa been moolourod to bo of the order of 10? ohms, 

le ottributod to the louoot 2 kma of the atmoophorem Rolat. 

lvely °peaking, the oartb to a very good conductor, lath 

reepoct to air oinco the conductivity of am actor to 14 

ordoro of magnitudo greater than that of air and the conduc-

tivity of ground to 10 to 11 ardor° of nagnitado greater than 

tbat of air. Xonoaphore too to about 10 tinao mom conduotina 

than the lour 'vow of tho atamo:,horo Do that ao onn dna 

the picture of the atmocohoro, ao conoioting of too aphorical 

conducting °hello - earth and ionoophoro tyith a dioloctric 

air of viryin3 conductivity in botomon than. 

VDMIOAL Bra0ZRIC PI RLD ADD AIR- EhnTH 
03UDUCT/011 =M  UT 

To undoratond the variouo aopocto of atmoophoric 

eleetricity, earth and tho ionoophoro are conoldorod ao tam 

pintoe of a 7porical condonaor, the later having pooitivo 

charge and the forcer negativo, The charm 1.1aho through the 

olnCactivo ala,, giving pooitivo chorgo to the earth. 013023  

eotionted thio lookago ourront to be of the or!or of MOO amp, 

5 



6 
Over the oholo earth meow, and the roolotanco of the 

atmoophore to be 200 ohm, oo thnt the potential difforonco 

botuoon the tuo pinto° of the condonoor anounto to bo 

360000 volto. The veluoo are, bovovort  vary approninato 

cna may be conoldorod only from the point of vim/ of ordoro 

o the magnitudes 

The value of potential gradionto over the lone 

=face vartoo vow much totth apace and timo, Co 0011 dipole° 

than variation.° in detail in Motor IT. hero it shall bo 

cufficiont to mutton that the voluo of potential gradient 

at coa ourfacee to of the order of 100 Vim arta it docroecoo 

pith altitudoo  while at land, Ito value dopondo upon the 

amount of pollution in air, e.g. the mean voluo of potential 

avadiont of Kau to 303 V/m. 

Ao a conooquonco of the conductivity of the otmoo. 

ph= and the potential gredionto, pr000nt therein, a conduct. 

ion current flmo from upper atmoophoro to earth. In fair 

monthor condition°, the neaotive Ione move upuord one pooitivo 

lone douncara oo thot earth to continuouoly charged cith 

pooitivo chnrco. ?ho current donoity nay bo ropr000ntod hy- 

10(At 4, A,)13 mAn 	•• (a) 

neR0 E to the field, 	and ),t, aro pooitivo and negative 

eozluctivitioo and A to tho total conductivity. Ovor the 

OW= the coon value of conduction current in fair voothor 
io 3.2 n 10"G  A/c410 whilo over land ©  it Donor ally vlaTtoo 

10 
'tor liz 10 	to 4 it 10.16 !l/ca`. 



Tho vnluo of air.oarth conduction current ovor 

°coons, aa ooll as over land shoos diurnal variation° 

dhich aro noorly mirror ima3o of tho diurnal variation 

of potential Gradionto, though with loos ranlo of variaw 

tion. The conduction current remain° constnnt pith 

altitude, 

It Should be noted hero that in the study of 

atmoophoric electricity , the conduction currant is cono-

Idorod to bo nero fandamontal than potential Gradiont. 

It is bocauco of the fact that it depend° upon tho total 

potential difference botvoon the oarth and tho ionosphere 

an the columnar rosistance of the atmomohore. The local 

potential grediont and the conductivity has little effect 

On it and thoraforo it is lean =Moot to variations 

arising out of local conditions. The local conductivity 

of  conduction current only to the +=tont, that it 

el:ango° the columnar reoiatanco, Thu°, In studios of the 

oorl&oido mita= of ataoophoric oloctricity, conduction 

current can Ciao batter uniformity to results. 

Duo to the unovon distribution of apace charge in 

the atmosphora and high turbulent diffuolon coofficiont he  

ern noro currant, diffusion currant Id  aloe oanifooto 

itcolf in the at0000horo and lo given by 

c;Ingo p is the cpace..chargo donofty. 
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Alpo, duo to the heating of the earth curfews  

oonvoction currant it  flove0  

ioPV 
	

(10) 

vtere v to the velocity of convootivo tranoport of 

opaeo charge. 

Thuo,tho total current in fine maiher may bo 

vopr000ntod by 

OP  
k r  + PV ••(U) 

0 

The cagnitudea of vortical compononte of la  and 

are, of =roc), very mall compared to t,  

manTnuaum oP EATITIPS muran 

It to clear from the diroction of ftoi of elnanetion 

current in far =rather that it bringo pooltive chnrge to 

earth yhicli c 11, ovontually, nautraliee the bound negative 

a:largo of the earth. Calculntiono for Nou ohou thrit the 

peoltiva chargo rnnehing 1 nQ  of oarth °hall neutralize Ito 

negativo charge in 0 poriod of about 40 plantee, Thio time 

moGneoe to cheat 0 ninutoe only for ooa ourfaceo. 

rat inepito of it, the negative abarge of the earth 

mantaine and =nine coro or l000 conotant• Tho fact auto. 

mtaeally cuc3ooto that an equal mount of nc3ative eheme 

Cnnld olcultrmoouely ho aaopliod to onrtho  tt7augh nom 



otMr part of tbo oarth. 

To onplain tho nataro of this 'ounply currontG o  

diffornt tboorloo balm boon put foriard in dhich tho 

=zoo of capAy (=mitt boo variod from torrootrial to 

ontlantorrootrial ono. Romvor, tho thooryorop000d by 

Ulloon4'ha° found tho common support and ouplaina noarly 

all tho olootriool manifoototiono of tho ataloophom• 

Moon conoidoro tho °aura° of oupply currant to bo in 

nundorotormo• in thoao rogiono of tho earth dish aro 

dioturbod by thunftratormo, tho oharao can bo carrio6 to 

and from tho oorth threaah f011opina moano 

i) Conduction curront, 

ii) Point.diccharao =moat°, 

Ili) ProolpItation curront and 

iv) LA3btnina diectar3oo0 

Althon5b, it 10 1/027 difficult to boo° on ootinato 

of tho not brarmoo of oho on tho oorth, arloing ont of 

tho contribution° mod° by too four difforont agonoioot  yot 

attempts hays boon nada for oomo oroao of tho oorth and of 

no oarth a° a vholo too. Tho moult°, oupootodly, diffor 

vow much. Ac an onamploo  t Glvo data of cor=olla  forltro2 

o'2" cran of Canrldco ao bolus 

Combat/on currant 
Point.dloobargo 
=Tont° 

* 00 C 

.100 0 

Procipitation currant 4 20 0 
TAcMain3 currant . PO 0 

r?otal :7777MPry=7. 

9 



Making measuramente above thundorstormo, Gish and 
1 0 

7:olta  have found tho averaao currant of the right ofogn 

to bo 0.3 . 0.0 amp. per thundorotorn coil. to to componoato 

tho total conduction currant of 1800 am n, in fine moothor, 

the above rato of current from thunderstorm, needs about 

3000 . 6000 thunderstorm cello over the whole earth. Brooke 

ootimotee about 1000 thundery oituationo oporatino over 

earth ovory tiro. Conoidoring the oath thundorstorm to 

oonoiot of about 2.3 collo, the numbers ney bo conoidoro 

comparable. Tho data io very rough and largo dovietiono have 

boon reported in some come. 

Prom the above theory, it Is clear that the potential 

evince botooen the earth and tonoophoro and thuo potontiol 

Grodiont, if columnar roolotanco ,mina conotont, ohould be 

maulmum yhon the thundorotorm activity to =Imo. it has 

boon found to bo really co. The diurnal variation of area 

covorod by thundorotorno over the land areas of the earth 

oportod by OhIpplo and Soma
8 

io oloilar to the diurnal 

variation of potential orndiont over aoa, The percentingo 

variotion about their moan valuoo and the pooitiono of maxima 

cod minima oro in ol000 aaroomont in the cam°. ho thoory 

boo bean confirmod by other oboorvotionc too, 

Theo, Oho total electrical picture of the atmOophoro 

my be viouallood in too roalono, one io the rogion of 

oconoration' or diaturbed coothor sone and the other the 

rogion of Iconcumptions or fair yoothor eerie. Tho too roolono 

a aunt tco conpononto of a circuit roll a full knoologoo of 
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both togothor lo n0caoana t to undorstand tho electrical 

procomes in otmoophore. 

uosurs VADIA11011 41D PIELD LEGASUREM'S OVER OCEAN'S 

Tho prop000d thoory of maintonanco of oartha 

Charge auggoote that the potential gradiont at oarth ourfaco 

obould vary, if columnar rosiotenco remain° constant, accord-

ing tl tho ammo in potential of upper atmoolhore. Tho 

condition of constant columnar realotanco is nearly aatioflod 

ovor ocoano uhoro thore to no pollution. nuchly9, firot 

oho=od by tho reoulto of 'Carnegie' that potontial grad font 

at moan oh= a ain510 period lc diurnal variation with ito 

minimum at 4.00 0t2 and manic= at 19.00  Shia hap 

farthor boon confirmod by meaouromonto on tho °Hodson' by 

Rattonborg and Holsorl0  r1oacuromonto at poloo nhoro Garth 

lc oworod vitt' thick ahooto of anoc, and thus no quontion 

of pollution col000, aloo Oh= antler oinglo periodic 

variation uhon thoy aro adjuotod on G1 ocalo. Shia variction 

of potential grodiont depict° tho tbaole otato' of atioo7horic 

olootricity and io givon the no of °Unitary Variation°. 

An intoroatin- rocult uao riven by Parcmonoff
11 

tho 

colloctod dataltom GO continental non.polar otationo et13 

avaangod their potontirl grrdiont voriationa according to 02. 

no coon variction of thoco otationo which oloarly noutraisoo 

tho local tine variationo of individual otationo, ma found 

to to in agrocnont ulth the unitary variation over ornate. 

Tilpt mono that unitary verintion is aloo a cenponont of tho 

diurnal variation of lcnd aroco. 
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131101E013 	AM PITILD trIASUIMMTS AT COUTIZAITIS 

Dan to heating of (earth curfew convoation eurronto 

aro not in no atnoo?tere uhich moult in vorticn1 oining of 

=gem,  air, co n moult of tihich Iona, nuoloi, duet etc. lo 

carried up nr1 dloperced in upper lnyorn. Thio unotablo 

atcoopherio otratifiention end corrooponding reas rangomnt of 

the air leyoro gtvoo rice to the phonocona of vortical at000. 

noric moo lauotauoch'. Tho actual vertical depth of 

ocuotnuoch. to governed by local circumotcnceo, tomeraturo, 

vie etc. The rogion, under the offoot of the au/A:mach affect 

to !mom ao =bongo layer and conetimoo it ponotratoo upto 

2..3 lo. Hoover, ito depth to generally ontondod upto the 

altitude of tempernturo inversion. 

Although it io purely a netoorologleal phonetenon, 

the (=bongo loyor playa a very important role in gavorning 

the oloctrIa7,1 mcnifootntione of the lo:ler atcoophoro at 

lne otationo. The value of patoutial gradient and ltn daily 

and omoonal variation° at lcnd otationa, are greatly affected 

by the dopth of the enchnn3o layer and ito variation. with tine. 

Tho eignifionnce of the pre600inont role of the (=change lnyor 

to affect the olootriczl procooceo lloo in tho fact that booldeo 

ehap3ing tilt local conductivity, it °matt:moo oleo /alto= 

tr2o coluanctr root:stance of the atcoophore. 

Intorootinz reculto hove boon givon by °ono of =Dior. 

=ato done on the topo of mountaino. torc510  of al. i'0, in 

C01s6 rioac-m..-2onto of potential gradiont at DmgoOtc00130 

8nn3grau3en (3470 o), found that Ito nature of d,117 v:-riation 



r000nbloo to that of ocoan in autumn and to that of land 13 
otationo in armor, Tho rooulto can oaeily bo undorotood 

In tormo of ouchango layer. In ounnor, tho dopth of onohango 

Ivor ontondo upto tho top of tho mountains ahllo in autumno  

tho oxchang Ivor romaino confinod to tho oltitudoo 

loi7or than tho otrtiono, loreel"  also found similar 

variation of potontial gradient at Jungfrou3och (3470 o) 

and Sonnblieft (3100 00  about d00 km apart. Roaovoro  

Ott=otild votking at Mt, Mai 0160 0, rolntively lou 

atitude0 finds tho nature of potontial grads ant to bo 

oinilar to that of land station° in all oemono rhich 

indicatoo the ponotrntion of mountainto top by onchango 

Ivor in all ooaoono, Sagalyn and Pauchorla  meaourod 

oiootriaal conductivity and largo ion oontont in and ebovo 

the oxohengo loyor, vith tho holp of an noropione. ?hay 
gonad on Irvogular diotribution of largo Iona inoido 

=bongo Ivor and a doormat:1 of nunbor of large Iona above 

It 

The ofgoot of onohango layor on potontial gradiont 

osrpms000 Ito onlatanoo vary nicoly in the cocouromonto of 

altItudo variation of potontial gradient and conductivity, 

by Vonkitoohaaran
10 Vonkitoohvaran and Raddar17o  KoonlgoZold18 

and Storgio of a1,19, 

OPACD OAF= TST PAIR AUD DISTURBED unto= 

Tho donoity of apnea chorgo io rop'000ntod by the 

ligforonco og pooitivo and nogotivo Iona in a unit volt co. 
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Ito average value at lond nmouhto to about 81 o eri"3. The 

*moo of apace charge may bo ratio-spread or purply local. 

A:nom many precool:leo which may produce opt= charge; 

oloctrodo effect, point diachargo, lightning, bloaing duct, 

blowing onov, industrial aorka, (vim:thing of rain, break-

dorm of inaulationo, petrol onginoe, moko plume and holm-

hold firea axe soma of thorn. 

The opaco .charge of tho atmoorihore boa very aigni. 

Meant °front° in atmoophorie oloctrioity in both-fair and 

4Ioturbod manthors.convection thoory of Charge oloctrification 

in clouds, pron000d by Vonnogut
20
, is totally btood on the 

nature and magnitudo of atmoophoric apace charge. nqsuromonte 

of Ealoicon
1 
and ahltiock and Chalmers

P2 
ohaa that fair 

manor variatione in potential gradient at land are (mood 

by tho proconco of apace-charge pockets. Milo the later hap 

(Mica:it:0 the oiao and height of apnea-chary pocket° from 

conanromonto bg trio flold-pilla at a distance apart, tho 

four hao mndo moacuromenta at the noun:too of apace ahargo 

or sin. A knovlodao of effective anti of opaca char000 trial& 

°ha/ dopond upon tho relasation tiro of the atmoophoro, can 

alvo no dimonolano and dynanics of theoo epacewcharoo pochoto 

and aloe of the air t230000. 

Chaim=
20 

oboorvod negative fioldo in miet and fog 

at placoa dovn-And the overhead electric povor tranomicaion 

limo and at trAtutod it to the inoulation broardouna An high 

tnollity. :iihololoon76  founi negative °paw charm° in Sea and 

pooltive at tho tine of ounrico. Adkino"  roporto laro 
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variation° in ppm) charge donoitiee in fair v./anther 

and negative gyve chlrgeo of upto .600 o ale in Mato  

though pith positive potential gradionto. 

Thn oimultaneouo meaouremento of potential 

gradient, current donoity, ion concentration and ammo 

char go donoity at land and oea, by :.!dhlelooea  Indicato 

the pr000nce of electrode effect. Crosier"  find° pooitivu 

apace chnrgoo Of upto 4000 e cm73  for wind opoodo bolm/ 

1 p/ooc., upto a layer of height, 50 cm from ground. 

Braooflold00  hco reported potential gradient fluctuation° 

at difforont beighto duo to apnea chargoo produced by 

motor ongine00 

It to  ion general practice in atmoephoric oloctr. 

lofty that the total potential difference botwoon the 

earth and the upper toqualloing layor° io calculated 

from the air-earth currant monouromonto at ground, tatting 

tbo aoaumption that value of the oir.earth current roman° 

oonotnnt titth hoight. The monouromont of Sagalyn nnd Pruchor 5 

hozovor, oontradlot the foeolbility of the eocumption in tho 

lovor layoro of atmoolhoro. In their oxporinonto, they found 

Chet vortical tranofer of space charge by turbulent diffUolon 

In tho lot or lc aro of the atmoolhoro cau000 a convoctton 

caw:nit in addition to the uoucl °Induction currant. Suppoo-

la3 them to an =coos of positive ()pace char3o noar tho 

oc.l ti  then tho convootion current ohell carry the pooitivo 

leao In up rd dirootion i.e. oppootto to that oarriod by 

gage t7oathor c=duction currant. The cagnitudo of the 

oonvootian aftruont ry,y oriott=loo be onual tl that of elnnuction 



currants Thuo, if the conduction current Is to bo the 

CC= at all lavolo,. Ito mognitudo In the lot or layore 

to =coed that of tho convootion current, to nullify 

Ito  Theraforao  tho moneuromento of air oarth currant at 

(fin A cannot cline the true aboolute value of conduction 

ant„ Iraskoolk
29 
 aloe. noticod presence of convection 

of patty° charge upto a loyal of 15 m. Potential 

srediont varintiona of 1=3°  aloe nood the pr000nco of a 

convect ion current of the order of the conduction current, 

to bo oxplatnod. 

Rocently, Bent and 4Sntchinson31  havo meacurod 

ornoo dhargoo at 1 m9 ' m and 19 m level° and found that 

0pzo0.charge ooncontratione rang° in botcoon 4. 400 o cm 

novo vino no appreciablo difforonoo An their cOacuromonto 

at 1 o and 2 mi but apace dharso donoity at 19 o can found 

to bo much more than at 1 m and of tho moo oign as the 

potontial gradiont. Poasiblo explanation of thomo apace 

char3oa baa boon givon in the phonomonon of olootrodo 

effect, Thoy oleo oboorvod nogntivo opaco ohargo in and 

actor the mint, Simultanoouo moacommont° of mom meteor°. 

10310a1 olocanto in their oxperimonto and the oimilarity of 

the pattorno of apaco.chargo record° to th000 of convootion 

dollop give° core olua about the mum and tronoportation 

of opnoe ohargo. 

Bont at a1.52 hao found apace chore° during a 

thunaorotorm aid attribute Ito =Do to point Olochargoo  

pmfhlood by co= nomrby troop In high oloctric floldoo Tho 

6 
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Vreconco of nogativo apace charge at 1 m and P m over the 

mating onoao  ovon Alton aind (mood° core a° high an 10 laboo. 

tap 

 

born noticod by Bent and Thatchinoon33, which indicato 

tho production of charge to bo cl000 to tho earth surfaco. 

gavano34  hao caloulatod theoretically, tho rolation 

betaeon flail and the space charge near tho ground, taking 

tuto account tho offoct of eddy diffuoion. Pr'n their 

colculationo of vertical dietribution of woe charge in 

the oxdhange layer, they have - also ootimatod the height of 

=change layer with the help of the data oboorved by thorn. 

36 Urinal hue' otudiod chart term fluctuation° i.e. 

electrical agitation of the ntmoopheric oloctrical eloaonta 

and their variation° pith time, Thooe fluctuation° are found 

to bo duo to the °Duca—charge trannportation by turbulent 

collo in the atmoophoro• 

rionT Drumm limn 11:70RAL MID ARTIVIOIAL 
D011.723 LI n  ATMOSIIIERS 

Direct and indirect nowuremonto have now roll 

(=firmed the fact that thundorptorno and cloud° can bo 

treatod no electrical dipoloc with ponitivo polarity 1000 

pooltivo charm upward and negative doananrd o  and a popitivo 

chnrm pootet at tho bottom, Tho elootricP1 fioldo innide 

th000 cloud° aro vary largo, conparod to fair =Mbar 

fioldo end coon Choy bocono too grant, lightning diochargo 

tctoo place and it dootroyoo the olootrical moment of the 

cloud°. 'rho oloctrical charge.° are again alnoratod and 
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olootrical monont to built up. The generation of charge° 

on7 bo onplatmod in both...corm and cold cloud°. by d if foront 

cochnniomo mhich havo been diecuocod critically by Mom= 

33 elcomboro end °hall not be givon hero. 

fioldo at earth ourfaco under thundor-

°tame and cloud°, are very largo and vary very froquontly 

from pooltive to negative and vico.voroa. Tho oloctrical 

glade, especially in the neighbourhood of °harp pointo 

mood above the earth ourfaco, bocomo =Unordinary high 

and ao a remit, air round them points io ioniood by 

lonloation duo to collioion. The ions of the oign of the 

potential araileat are attracted toward° the point and give 

rico to a current through the point. The magnitude of thin 

emrront to controlled by electrical field and oind epoodo 

The phonomonon of point diochargo may occur at 

evoctod motollie point° no mall ao at tr000 and othor ohnrp 

point° rained above the earth curfew). :Inner and Chalmoro37 

and Ohalcoro29°39 have motourod point.diochnrgo curronto 

through treeo and otudiod their charactoriotico in charging 

ant diocharging pr000c000. It lo found that troop do not 

behave no oimplo reoletivo pointo but act no a pnrillol 

voolotanco.cnocitanco circuit° with a tiro conotant of 

nmt 90 cocondo. 

To otont point diochargo, a certain critical field 

ycluo io noodod bolos ahleh no point dinchogge comma .rho 

value of thin oritien1 field dopondo upon the toight of the 
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120141 9  shape of tho point and distance betrmon the 

coll4bourin3 pinto. It also difforo sliahtly for tho 

too difforont oians of tho field. ?ha justificotion for 

the variation of mitten], potontialo mny be oouaht out 

by conoldoriA3 the concentration of linen of forco at the 

point° and tho corrooponding eccoleration in volooity 

of atmoophoric ions round the point. 

Onco the point diocharao hao otartod, Ito magni. 

tudo and clan io doterminod by field strenath and wind 

opecd at that placo. In our oboorvationa of point.. 

diockarao current through a ahorp artificial point, co 

cad an adJitional factor of rate of chnngo of oloctrical 

nald.chanacoo  to doternine the both.magnitudo and ()Ian. 

of point.dicdharao current. Ca difforontiato botyoon aloes 

rnd fact fiela.chan3oo for thin phonomenon, I fact Stole.► 

chan3oo co canal)  tho chcaaoc caucod duo to liahtnina 

diccharaoo. 

mmonin t1C3RArfl mosum 

Co Imo coon that notooroleaicni conditiono of 

tho otmoophoro have their loran effocto in codifying the 

value and nod° of varictionn of tho atmoophorle electric 

olo:nnto. 510 GovolopT.ent of =chance layort  yr-114h io purely 

a motooroloainl canifootation of the lower atmoophoree  

boc=eo aovovning factor of the oloctrical oloconto at land 

otrtiono and oftentimo Ito afoot complotoly ovorohciam 

no of  Cno to varlotions In notontial of the lonoonero. 



20 
Potontial gradiont to ono of the main electrical pare 

motors rMichundorgoce large short., and longtime 

variation° duo to giros local motoorological condition°. 

Bohind thoco variations of potential gradient lies their 

come of variations to bo in changes of conductivity 

of the atmooliero, This change of conductivity, ao 

have soon, again doponda upon °pace charge and nucloi 

content of the atmosphero, 5hatcoevor be the came of 

origin of the space charge and atmooghoric nucloi, one 

thing Is vow obviouo that thoir transportation in the 

lamooehoro cuot be affocted by otndo Thug, the diotri 

button of apace charge and nuclei and therefore, potential 

gradient and Ito variation should have corralationohip 

with the yind opood. 'rho otudy of thin corrolotion hoo 

boon one of Mr problomo in the prooent, r000arch pro3oct 

Ue have otudiad the effect of mind on the diurnal and 

m000nal variation° of potential gradient and aloe on 

the electrical agitation of potential gradtont. 

The fAlowing motoorelogical and electrical 

paramotoro havo boon rocordod in our laboratory: 

i) Potential gradient at earth ourfaco, 

ii) Point.dischargo current from an Icolotod 
carp point, 

ill) and opood, 

iv) Atmoopheric temperature, and 

v) AtInoophorte relative humidity. 
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Pivot three parameter° have boon recordod ovor a 

an of ono full year My 1988 to April 1987) whilo the 

loot two have been recorded for four months only (January 

to ray 1987). 

The effect of wind apoed on point.discharge curronta 

hro boon our aocond problem of otudy in thin projoct.  

Doc:lidos studying the slow dhangos of potential gradiont 

and correoponding point.diecherge currents, their pima. 

tomeoua velum), along with wind opood, in vary void field. 

chongos havo aloo boon otudiod. In the study of point. 

dischargo curronta in thane rapid Charlotte which aro =mod 

by lightning dischergoot  a new phonomonon of sexcepo point. 

diocherge current hap boon diacovorod. "ho phonomona hap 

boon given a thooretioal enplanatione 

The summary of the chapter°,  to given balm: 

opt©r Is Virot chapter givoo the constructional &Anil° 
of the apparatus wood to record the five 
peremetoroo  mentioned above. 

Chaptor III In this chapter, diurnal and omainal varlet. 

ions of potential gradient and the effoct of 
wind on thom, has boon studied.  

Ghaptor Ins Yn tbto chapter, diurnal and 00000nal vDrintiono 
of electrical agitntion of potential gradiont 

and the °Mat of wind on thot hat) boon otudiod. 

raptor IVs Thio chapter giveo the record of potential grad.. 

font during a oolar oolipoo, 

Ehnptor VI rlso offoct of olnd on point..diachorgo canna°. 
both pooitivo ant no5ative.iur2'2 olo77 Vold 



changes has been studied in this chapter. 
The results have been compared with those 
of other workers. 

Chapter sal A new phenomenon of 'excess point-discharge 
currents during very rapid fteld.changest  
caused by lightning discharges has been 
reported in this chapter. Its theoretical exp-
lanattoa has been given and the experimental 
and theoretical values have been compared. 
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CHAPTER I 

ILTSTRUUEUTS 

This chaptor doocribeo the apparatuo ehich has 

boon uaod in the pr000nt romearch projoct to record the 

atmoopherio electrical and motoorologicel paramotoro. 

mentionod proviounly. The detail° are given beloat 

1.1 INSTRUMTS FOR ATrOSPHERIC 
ELECTRIC POTENTIAL ORADIENTS 

(I) Principle of the Apparatus 

For mooauromont of potential gradionto at tho 

oarthos ourfr.cot  there aro toe main typos of mothodo In 

too. In the Sint typo. tho potontial of trio ouch point° 

to monourod uhich are at different hoighto In the oamo 

vortical lino. and one of thom to usually oarthod. Radio.. 

octivo collector. vator.dropor and fuoo are gonerally 

wed co potontial oqualimoro in thio typo. Tho olov roo. 

von= and the diotortion of field duo to ionic oluggioh. 

2000 producod In the atmoophoro. demorite thin method to 

bo doolrablo In gonorali 

In the oocond typo of mothodt  bound chorge at an 

loolatod area of the oorthlo surf= lo m000ured eith tho 

belp of difforont fiold machine. The bounA dharge, being 

proportional to the electric field. gives the vnluo of 

potontial grndionto directly. Thom fiold.nochinee rAldh 



age basod on the principle of Vilson'e4°  toot.plate clothed 

can further bo divided, on tho baelo of their nature of 

aatputo in too categoric= 

1. D.C. fiold.nachinoo, and 

2. A.C. fiold.machinos. 

To D.C. field machinos a conductor lo first oarthed 

and exposod to eloctric fiold co that a charge, proportional 

to tho electric ftold, is induced in it. Than the earth 

connoction io brokons the conductor to brought undor a 

ohiold and diochorged through a reoletonco. The conductor 

to roturnod to Ito original potation and tho proc000 to 

repoated again and again oo that a continuouo aoquonco 

of unidiroctional oloctricol pul000 to obtained. Pros thin, 

Cho potontial gradiont can be meaoured either in tho fora 

of °current° through a to u roctotanco or °voltage acre= 

high roolotanco. 

This mothod moo first uood by Ru000ltvet41  and 

Wine° thou, Ira boon dovolopod by Vorhman and Holseir, 

Cotto43 Chalmoro46 g Vonnoiut of al.46 and Kamm and 

Varohnoya46 

In 00. flold-mochineo the conductor (uouraly 

wiled 'rotatory in tnio moo) io hopt fixed and oarthed 

through a high ispodonco. ThitOotator° io alternately 

ozp000d to snit ohloldod from the olootric fiold by a °rotor' 

ceving abovo the otator pith a conotant froauoncy. to a 

moult on oltornating potontial proportionel to the fiold, 

24 
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io dovelopod across the high impodance. Thio alternat-

ing potential is amplified ran a tuned amplifior, rooti-

fisil and rocordod. 

This typo, of ammo, noodo an additional arrango. 

went to knoa the direction of the field. Amongst others 

oho used flat*. typo of fiold.mnchines are -Barn loll and 

Van Voorhis47  Me w48 Van Atta of al,49 GunnBO smithpl 

Lpl000n and Vhitlock52 etc. llost of them usod differont 

oloctronio or mechanical devices to find out tho sign of 

the fiold , tihich have born 	nrised in the last roforh. 
once and by Chalmorn53

e 

(10 The ftrimeter 

Tho agrimotor, clnotructod by no, to Donative the 

potential grad unto, to a Cc, typo of Vold.machino and 

io an improvocont tram tho point of vioa of output 
uacnitudo of the signal, over thorn provicaoly mood by 
difflorent dothoro. It hao adventaso over tho conventional 
ofiold.milloo in tho sonoo that it givoo doe, output and 

thud noodo no additional roctiflor or phnoo.dloorininnting 
device. Tho Inotrument is capable of oporoting with stout 

typo of recooding dovico ulthout loosing any noc000nry 

Aotallo, 

A odtanntic diagram of the apparatus Is oho an in 

gidht oilvored copper pintos P of 41nonoiono 

05n3=0.3 cm. cre finod at equal distnn000 on the rioc of 

too poropon disco 01 and DO of radius 1R on. and thicknom 
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1 ea. In botamon thoce too pompon dices three thin 

()bonito dioco %, D4  and Do  of radius IP co. and thicknoco 

047 cm, are also introducod at oqual diotancoo and tho 

copper platoo are clalpod with theso also. Those obonito 

disco avoid the bulging of tho plates in outward direction 

when rotated at high aped. All those five lives ors finod 

horisontally on an iron shaft which is oupported by two 

boll-bearings fixed in two stout iron nillnro outeido the 

portpox dices. This shaft is rotated with a H.?. motor 

at 1410 rovdoin. To avoid spurious offooto duo to vibrations, 

the shaft in rotatod with the holp of punkt° anti belt arrange. 

wont Q0 oho= in tho figure. 

Commutator C consists of ointeon equal copper sectors 

of breadth P.1 cm. each find on the rim of a pompon diva 

of radius 0 cm. and broadth 2 cm, Each sector io ooporatod 

from the other by a diotanco of O.  cm. end lo woll insulated. 

Thio commtator lo Mod on the rotating abaft juot outoldo 

the dice D2 as can be coon clearly in Piga, Each altornoto 

motor of thin lo coonially in lino with ono of the pintoo P 

and is connected with it with copnor load a. Two spring-loaded 

carbon budhoo B1  and D2 movo on t'llo cometator such that B1, 

°dew contact with a Doctor ahon Ito corrooponling plate to 

at the top cnd lo horizontally flat and Dw, touches that 

Motor when the plate hro moved throughGO to the vortical. 

D1 io connoctod to the earth and B2  with the measuring 

inotrament, 

he c%olo oyoton and the motor to nountod on a heavy 
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iron baco of longth 70 co. and breadth 39 cm. and to 

covorod on tho four oidoo by ioodon cam of hotaht 

al cm. ?to u)por cover of tho tiholo moombly to of 

aluminium cad hno a alit in it, of lonath "9.5 cr . 

and broadth 0 cm, directly over the top poottion of 

pintos P cuch that the dioca Di and D2 remain ohiold. 

od. rho wholo apparatus earn be grounded. 

(ill) D.C. Amplifier 

Amplification io nocoopary, if we cant to uoo 

aomo pon.rocordor for recording purp000. DI the caw 

of continuo= rocording, tho stability of tho anpliflor 

to an important factor which ouot bo lookod into 

carefully. Der this roaoon as soloctod differential typo 

of doe. ampllflor for our purp000. The circuit diagram 

of thin annUflor to chevn in fig.". The mplifior to 

otollrr to that ucod by Tamura and ucoo two 304 valve°. 

r.l'ho pa :Any vac drawn from dry battorloo in ardor to avoid 

voltoco.variation on tho pinto or the filenoat that coy 

avontually cam* fluctur.tiono in the output. ?o nvotd 

047 loakagoo  the valve bottomo wore cleaned with of l 

almohol and connoctiono woro mado directly I:71th the pin3 

of the valv000  thud avoiding tho um of volvo boot° 

ybich Day boo eau= of leahogo, The wholo circuit vac) 

maloced in a motnlltc bon to cafoguard againot any 

ognrioue °Mete from outoido. 

'.7t10 catput of agrinotor from carbon bructh Pn to 



0 

I I 	I 

A 

D
.C

.  A
M

P
L

IF
IE

R
 

0 ct 
Z ul 
0 I—
CC W 

X 

W X 
& 

N 

LL 



28 
fad* through a coaxial nlro,to the amplifier. By using 

different valuoo of grid-look zooiotanceo at tho input 

eta ;o of the amplifier 9 different ranges of magnitudoo 

of potontial gradient could bo made to amplify linearly. 

Zn our amplifier, vo usod throe difforont grid-leak reo-

Iotances with values of 5.3x108, 8 Hx107  and 2.2x1e ohms. 

Balanced-out oignal from the amplifier io oppliod 

to an 'Adopt' otripchart d.c. recorder with a range of 

8 DA on a 11 cm aids otripchart. The chart can movo with 
NOP 

throo different speeds of 7, 5 and 10 cm/hr. In fair 

voathor, =tally, the chart apood has boon kept at 2 Om" 

uhilo in dioturbod voather conditions other two speedo 

have also boon used. 

(IV) Zoro-shIft 

To chock time and to maintain the aoro of potential 

araclient, the input grid of the amplifier cao earthed after 

every one hour. To do this, the following arraneonont vaa 

mode 

A mercury cup made of porepox was fizod at tho 

front-bottom of a clock's dial no ohoon in ria.e. The alma 

Sr= agrimotor vas pasood through a rise touching the mercury 

Sn the cup. Mille the vholo clock body vao oarthed0  the 

orcury 000 aulto tloll insulated from it. rihonovor, the bourr  

noodle touched the mercury 0  the grid was oarthed. 

it mo oboorved that oven after many inyo of cont. 

Innlua opomtlon, thore 	little or no ohift of tho aoro- 
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lino. Rocovor*  it vas occasionally chockod by piecing 

on oarthod conductor abovo the aarinotor and adjuotod 

to carol, if and bo. 

(V)‘C311bratlon and .Reduction ?actor 

The apparatus aao callbratod by placing a motallic 

pinto at a finod diatanco over tho sarinotor and applyins 

difforont potontials to It*  alth dry battorioa. Tho 

corrospondina output() from tho amplifior =Ira obsorvod, 

both alth opon and al000d agriEotor and for all tho tho 

Crld.lenk roolstancos eoparatoly. 

It is not •olaays possiblo to inotall tho oarimotor 

at tho oartho ourfaco anA Qom° buildlna's roof lo proforod 

for differont roaoono. In such cacoo*  the surroundina 

bulldinao and other objooto-affoct tho olotric fiold vary 

cnah and so tho olootrie hold noaourod by tho apparatus 

dliToro from Ito nbooluto valuo. Thoroforo*  rsnaulodao o2 

oamo factor*  to roduco tho noacurod valuoo to thoir 

abooluto mraatudoo, io very nocomary. Thio factor*  uoually 

Una= es srodaction factor', io aonorally found by makin3 

oicaltanoouo moasureconto at tho placo of actual coasuro. 

coast and in a around of oufficlont ontonolom. 

In oar case to oinco the aarinotor coo installod 

On tho top tbArd floor of the Phyoico Doport-:ont*  piano 

roduction 12 the soaourod potential gradionto vac noc000ary. 

Tho folltrain3 mthod vao mod. 



A G rooter long mire map otrotched ono peter above 

tho oarthoo meow, in a around, Thor° ono no big °Wet 

loop than 07=0 a bundrod metoro from that place Gni tho 

around undorzeoth tho mire had no gram, otc. and moo quito 

plow. A railooctive colloctor yao fizod in tho centre 

of the mire pnd the potential of etre mao manicured by a 

quadront olootromotor. Tho electromoter wao calibratod at 

that vary place by giving known potentialoto Ito quadrant°, 

With dry bottorioo. night-time moo ooloctod for thio 

urp000 oinco.tho potential gradient° aro rolntivoly 

otoadior in night. Oboorvotiono for one hour wore takon 

at an intorval of one minute and compared with the corroo-

ponding ogrtmotor valuers. The moan valuo of reduction 

Eactor cam out to bo 0.21. 

(VI) Gonoltivity of the Apparatuo 

Mil open ogrimotor, a field of GO It/m givoo a 

dofloction oft 1 en on tho otrip-chart ehilo with 0100(4 

agrimotor the deflootion of 1 cm noodo a field of 330 V/m. 

Tho conoltivity could, ho over, bo reduced in vary 

high field°, uoing other grid-leak rooiotoncoo. 

(VII) Macrame of tho Apporntum 

Tho mrinotor hno boon oportAinr; continuouray for 

no loot nom than a yo-r ozcopt on a fom occoolono of 

anavoidable circumotancoo, ouch ao powor broakdowno, or 

raintomaeo oteching and gr000ing ate. of the machimoo 

30 



In no woathor hao it storm any sign of its fniling 
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to rooponco. It hco always been kopt covorod during 

poriodo of procipitation, Doubto may bo raicad that 

()bonito dioco D3, Pa  and D  midht produco onco troublo 
In rainy cocoon by .ohortoning the coppor platoo with 

oath othor. Tho point woo kept in mind Whilo conotruct. 

ink tho instrumont and to avoid any such troublo, a 

smooth layer of paraffin was Woo coatod on tho rim 

portions of tbo obonito dioco lying in batman two 

aucc000ivo platoo, ilhio coating was also ontondod to 

thooa odgoo of the coppor pintos which are rooting on the 

obonito dices, Thom layoro of was do not lot tho falling 

actor drops stick on tho curfaco while the contrifugal 

force/ cloano thorn of on oo©n as troy fall. "the omoothn- 

1113 of tho van inyoro aftor about a month hao onourod 

that thoro to no lnnIcage due to nortoning of the pintos. 

rho o3riraotor hr o roopondod normally In the hoavioct 

vain and ovon in the falling hrilo. 

rigo• 3(n) and 3(b) ohow rocordo of potential 

cocdient during fair worthor and oontinuouo rain roopoc. 

It chould bo sontionod hero that the prosont 

Inotrucont hap coax to ito final chant) after many trials 

c modification°. ?roviaucly, a ,fiold.mill° woo 

olnotructod Irs which r pair of qucdrant typo of vanoo 

votatod along a vortical =in. tbovo thin pr ir aaa flnod 

a otnilor pals of vanoo which woo oarthod. 2hlo fiold 

all woo oiAlar t, that of MCI=06 Duo to loccor arla 



(a) 

5.30 	6 30 7.30 8.30 9.30 10.30 11 30 12.30 

(b) 

FIG 3-A FAIR NEATHER RECORD WITH OPEN AGRIMETER (a) 
AND A RECORD DURING CONTINUOUS RAIN WITH 
CLOSED AGRIMETER (b). 



of vonoo being oxpooed to tho fiold, it ono not found 

posoiblo to operate tho recorders vith its output in 

fioldo. ?ha agrimotor in its final and pr000nt 

oMpo givoo oufficiont output to furniob nocomary 

dotoilo with good accumcy. 

).,2 EISTRUMMWS FOR P0IUT.DISCRARG8 CURRENTS 

An artificial °harp point woo orectod above a 

lona polo to possum point.dinchargo currant° through it 

during poriodo of high floldaho conotruction of tho 

point io Oho= in ftg.4. A 1.8 cm long and of 0.14 cm 

dlamotor, oharponod copnor point A ma fixed at tho and 

of a 38.6 cm long rind of 0.36 cm diameter brass wive fl. 

Tho tiro B pi=ed through in ebonite cylindor P which 

mac oncirolod by a 11.8 cm long and of 4,8 cm dinmotor 

alindor of braoo. To protoct thio cylindor from duot 

cad rain ono more cylindrical cap U of brace (of 8.0 

lmth and 4.8 cm dianotor) vith an °bonito overhead 1,.. 

too placed above it. The ovorhoad D Iwo an ()bonito ooro 

to faoton the ruiro B. The vholo a000rnbly woo fixed at 

the and of m 4.P a long polo. 

Tho signal from wire B cao taken through a 

ocnnial wiry and vac, fod to a °trip-chart ;on recorder 

through a differential typo of die. smplifior. rho 

coo/After woo oimilar to that need for tho coplifinntion 

of agrimetor.o signal with tho only difforonco of voluoo 

of tho grid leak roriotancoo. The difforont rcngoo of 
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FIG. 4 _ SCHEMATIC DIAGRAM OF POINT DISCHARGER. 
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point dischargo currant more divided on thzoe different 

grid-lock raolotancoo. 

Point.diochargo curronta upto P8 1,111 could bo 

uoocurod uoing difforont censitivitioo. 

1.3 =TRUISMS FOR ULM SPE= 

A four-cup anomometor moo constructod to monoure 

Tana opood. Tho Moo of the cupo (diamotor m PO co) 10 

Bator than uoual. A dynamo lo rotatod through a goer 

attachod oith the axlo of tho anomomoter. The systomatio 

arrangement lo oho in in figura 8. Tho dynamo is coverad 

in on iron bon. 

Tho output from dynamo m:lich lo proportional to 

the viind speed. io fed through n ooaninl mire to a poll,. 

t'000rdor and rocordod. 

The nnomomotor mmo calibrotod mith a proosure 

typo of anomamoter oituatod at tho top of the buildina 

of eantral Enilding R000nrch Inotitato. noovoo. The 

output map found to be linear for wind opoodo apto 

88 Um/h. Wind °pods no °mall ao 0.8 ao could bo =cured 

and wind speed of 9.2 ao gem a deflection of 1 on on 

tho recordorgi 

1106ICUSTRUZI=213 VOR TB727111.111/1113 
RIZATIV13 atixtart 

A thormo.2ygro5raph ham boon uood to record 

clWoonhoric tcmperrture and rolntivo humidity. Both pnm. 

cvnro cco rcoorded on the ca no chnrt. 
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1.5 INSTALWION OP THE APPARATUS 

Agriaster, point discharger, anemometer and 

thereto-hygmgraph were installed at the top third 

floor of Physics Department. Point-discharger and 

anemometer were nearly at the same height and were 

15.8 m high from earth's surface. This was done so 

to have a better understanding of the correlations 

in potential gradient, point-discharge current and 

wins tweed. 9he thereto-hygrograph was placed in an 

especial'y built ventilated wloden box. 

Recording system was placed in an iron-mesh 

cage at the second floor of the depart :ant. 
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CRAWLS la 

DIOTOAL 	SIASMAL VARIATIOTS0V 
ilTrOSTIER/0 TRACIIIIC "Ti 

0.1 117CROD110"210= 

Oonoldering the atmoashore ae a dielectric 

botaeon trio plotee.earth and the upper, atmosphere . the 

whole atmooPhere can be viewed as a ophorical condenoor. 

.-42he potential gradient in the atmoophere can be regarded, 

for all practical purpooeo, ne vertical and can be 

eopr000ntod b7 

v • • 2.01) 

vohere 17 to the local opocifto =intone° of the etre 

V the difference of potential batmen the earth and the 

upper atmoOhere and R in coluanar roeietance i.e, 

f Udh  

More R to the height of the ionoophero from earth 

curface. 

tq. (2,01) io bacod on the apaumption that all 

ellgeo proceed in quasi.stationary manner ie. Do ()lowly 

ct71.:‘, 'Moir vozAation may be conoidered ea a connective 
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oorlos of oquilibriun otatos. It can bo calculated that 
chows atth half.timo moro than half an hour con bo 

rognrdod oo quaol.otationory variotiono and thus can be 
otudiod alth the help of ocu. (P.01). 

Potential gradient undergoes diurnal, and sonaonal 
variation°. At oceano and poled aboro them lo no Mau. 

tion in tho air, the potential gradient underg000 a oinglo 

periodic variation with a ptnixun at 04.00 GnT and a 

onninum at 19.00 OIT. Sinco tl and R at ouch station° 
ramain cow-tent throughout tho day, the potential gradiont 

vgarioo paraliol to the variation of V ahich is glvorned 
by corld.aido gonorating offset° of thundorstorm activity.  

So, it io natural to =oat that all the variationo at 

ouch places should occur oimultnnoounly round the glob°. 
Tho cruise° of Carnogio and Horinon have cal confirmed 
them unitary variationo. 

rho alumni. variation of potential gradiont at 
land io difgOrent in behaviour to that over oceans and 
pale° and lo governed by local ti -o and locality. It °heap 
both-0,411nel° and double periodic-variations and the times 
of ocarina ana minima ago govornod by local timo. Generally, 
9otontial Grndiont undorg000 a ofnglo periodic variation 

An aintor uhich changoo to double periodic in summer* Na7ovor, 

alno plaoeo noaoinglo periodic variation throughout the 
rbolo year c21 othoro a double periodic variation in both 
b'.1_ or aml almtors 



7 and n ohould vary at land citation° undor tho 

oggoot of dovolopment of auatauoch loyor. Tho rolvtiv0 

variation° og U and n, which dopond upon tho local 
t!..co and local circamotancoo, atvo rico to difforont 

nolo° of variation° of potential Gradient at difforont 

plococ. Iorcol"  hao ouggeotod tho study of variation 

of parcontaGo of moan vciluoa of potontial gradient, 

inotoad of th0 variation of abooluto valuoo, to nullify 

tho affect° of variat ton of V. 

co ham) ctudiod in this chap tor, tho diurnal 

ma a-0=1°mA variation° of potential aradiont at Roortoo 

(29 5140 reDVB B9 Vt. froD 	Sinco tho vied 

bno boon fowl to havo vary prodoninont offoct upon tho 

potential aradients  tho &To alth high ulna opoodo haw 

boon coporatca from fair.47aothor day° and tto rolativa 

amnia variation° of potential aradiant on fair6vocthor 

+Icy°, mrcludina on includina day° aith high alndo9  havo 

boon onnoicoa, 

n4 =HOD 09 SMEMIED 

Hourly valuo° of atcoopherio oloctrio fiold 

7?zvo boon klton to otudy ito diurnal variation. To do 

thio, ovory one hour rocord ha° boon marT200 at au plc000 

c. tbuo dividod Into five oquol parto i.o. of 1P minutoo 

ann. Avorzco valuo of potential aradientio valuoo at trio 
boforo and throo placoo aftor n particular homer 

cA7oo no bs.naly valuo at that hour.  
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All days of tho go= havo been dividod Into 
throe° catocorloo, vis. fair.voathor day°, fair-Aqoathor 
do to but with high vine °woe° and eioturbod dayo. 
By' fair voattor co noon, notoorologleally calm egya and 

Mb wind opoodo lose than 4 ri/coo. To thoco hello also 

been addod, (Jaya vith come light oirrua or cons fair 

voothor man cumuli cloud° at °ono hour of tho day. 

Ouch clouds havo gonorally boon found to have no appro 

ciable offset on potential gradient and thuo can bo 

troated no fair voathor dayo without any orror. Tbaa auto 

of Jaya vithhoavy clouds, ouch as cumuluo, atratuo 

otrsto-cumulua oto., Novo been analyood ooparatoly and 

dhall not bz 'Mahon in this ohaptor. 

The nunbor of Mayo of tho throo difforont cato 

cerloo in difforont nontho of tho yoar aro given In 

2ablo I. 

B. DIIIREFAL VARIAT ZOU 

Pta.0 °how° diurnal verintion of potential 

Grniirmt for fair votthor dayo at Roorltoo from alV 1930 

to Orli 1937* Tho follovina pointo or notovorthys 

1. Mrouchout tho your, tho potontial gradiont 

mdorg000 dosblo poriodio variation with firot annictin 

between 7.00 and MO and =cone naminun in botuoon 
20.er one 31,10. 

R. 7!orning canitmo fallo oarltor in our=ar and 

of!nro late IV about tuo houry in vintor. 
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FIG.6_ DIURNAL VARIATION OF POTENTIAL GRADIENT ON FAIR WEATHER DAYS EXCLUDING 
(CONTINUOUS CURVES) AND INCLUDING (DOTTED CURVES) WIND-DISTURBED DAYS. 



3. Corning mania= to vary much diffuced in 

cum2r 0.a. in June and July, but become° oianificant 

and leolated in minter. The oecond maximum aloe vine 

coplitude fro-1 manner to minter. 

4. Sarcentage variation about mean valuem its 

more in aumor than in winter e.a. it to en,  / in 

8annery and 60 1 in June.  

D. It is very clear fron the record° that 

varlationa az-0 more reaular In minter than in mu 

anti they tend to a moro definite pattern in minter. 

eed =UM O? cir Ors DITINIAL VARIATI07.1 

Dottod line in fie 6 ohomo diurnal variation 

of potential aradiont in reopectivo mqnthm on fair 

meaner anym including dap, with hie' mind apeede. rho 

number of ouch dayo io °ham in to Ile X. do cndh 'mind 

dimturbed dmyo,, no yo ohall call than, zoro prement in 

tho months of? September and Novedber. 

It to clear from tho record° that 1,118a mind 

tondo to reduce the value of fair.conther potential 

aaadient. In the nicht and morning the wrlation of 

potential Gradient on dayo, mith cnd nithant mind°, to 

noasoly atoll= and cane in mar nitude. nut in the noon 

t2 co, uhon flr mind° comornlly provall, thq value It 

potontial aErntent lemere damn ehon me Include mind.. 

AftmIturbed 6n7o. In coo cameo.. generally in cnc-lor, no 

vrlue hoe' :1 overt no3nlve cn ; c:o mat a Cornms-olon gm 
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noon tine. Such negative dipo are vory clearly evidont 

gEn3 rob as to Juno in the figure. In the ovening again 

to potonticl gradlont attaina the soma vain° ao on 

gair.weathor Gaye oncluding uind.diaturbod Anvo. 

It hmo boon oboorvod that wind roacta on potential 

gradiont novo predominantly at high tonperaturoo and in 

dusty voathor. The sane wind opood uhich =km the potont. 

tat gradient negative in noon tie, (loon not affect to 

that ontont at night or in the morning blur°. 

So= cn000 of individual day's rocordinga of 

potential gradlont and wind opood are a-aoun In fig.?. :ho 

%or= porttano dhow tho oinultanoouo =cord° of tomporaturo 

and rolativo Lnalaity. Thaw day° wore othoraloe fair 

=opt hlg Lind opacJ0 in difforont haw= of tho 

22ozovor tho mind opood oncoodo about d n/coo, the poton*. 

Inl gradiont docrmapoos  At high tenporrturoo and lay tanid. 

itloo In the noon.ticot  the effect io very opoctaoular. 

C3cordo of 1Prld Fobruary 103i lo very ouch aotouortt17. On 

ni) day oteong vindo continued throughout tho day and 

night. r.:Ocit of the tine the tlind opood vac grantor than 

n/000 an1 01 the potential grndlont ronalzal negativot  

giving negative dipo for ovory oerrooponiln3 ZAg% vIna 

opao0 maxi n. In the lato owning at about 11.10t  though 

v4R3 opoed we otill quito 	3uo to to ring of the 

to. 7oraturot  .tho potential gradient boca= popitive, 

C=-:f•I'icin 3g difformIt vocordo ob_'o not O' potential 

71n noctivoo  Gior c2a1 c7=5 	noonol 

41 



E 	 0 

un 

0 

L.11 
In 

cr 
41 
= C3 

UJ 
< CD 
LL1 

<0  

Z 
0 

L.L1 
jLn 

Cc cc 

-J 
< 

LLI 0 
O 0 

LL 
L., 

c5 z 
O --I 
F- 

< 
< < 

cr D 

cc; 

LT. 



during night t t'e than during day t ico. 

2,5 OBASOLIAL VARIATIO11 

Avorago valuos of diurnal variation of potom.- 

tiol aradiont in fair mother mom ealcul-‘tod for surnor 

(Lay to &wet), Equinozos (tlaret-April and Soptombor. 

Octsbor) and Winter Clovember to Pobrulry), These are 

oho n in fig.8, Dsttod linos show tho oorrosponding 

variation for days including wind.dloturbod anao• 

?ho ovorago moan value of potential gradient 

at ncorkes in fair weathor lo 48 Vim in sumnor which 

** ®a to ?4 Via in mintor through BS V/a in oquinoxeo, 

'.'ho total noon value is 59 V/m.  

A comparioon of tho two aurvoo in throo diff-

oroat °moons givoo ao-,o of tho follomfng inportant 

ooaoluoionot 

1.  The variation of potontial gradient in night io 

ointlar in both cacao but potential gradient decroa000 and 

bocsoos nogntivo in noon hours mhon mo includo mind-41ot-

urtod dayo• 

29  who mind r000to on potortial gradient oarlior 

oammor than in winter. In suanoro  tho vlluo of potontiol 

err font begina to doviato from noon falr6moathor vnluo 

iron about 7,01 while this tiro altifto to 900 in oquinotoo 

an4 io 10.00 in mintor• 
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FIG.9. SEASONAL VARIATION OF POTENTIAL GRADIENT. 



In yintor than In sumnor. In mintor the moan fair 

toathor valuo is attainod at about 18.00 yhilo tho 

affect of mind continuoe unto about 19.00 in aummore 

So tbo total breadth of time in mhich mind 

reacts on potential gradient is greater in summer and 

loos in mintor. 

4. 	Walla of potontinl gradient at night to slightly 

grostor for fair weather days including vind.dieturbod 

dayo than those of only fair meathor days. This greator 

value by the dottod curve io attained (mower in yintor 

than in eurmor ao can be coon in tho figure. Thz naturo 

of diurnal variation for tho period of oquinoxoo io 

ApiitA=FiglIMAA.mwo uwlermvss 4s.02 044===41.7 =SW WIJAuW,A; Via.VJAniuAAJZA0 

and toll ropr000nto the saitchovor from one oeaeon to 

other. 

Annunl variation of potential aradiont in fair 

voothor hap boon ohaan in fig.'. Avorngo value for ondh 

month hap boon colculatod. It io clear that avornao roan 

voluo of potential gradient in fair woothor, eacopt for 

the month of July, to onallor in oummor and incroapeo,co 

t7, paoo on tomardo minter. The abnormal ineream of 

potential ctindient for tho month of July, hover, to 

Quito ourprloing. 

24 sumuss LW= 

It hro boon notod that conductivity of the °Arm-

#Aore lo mccimum in the oarly corning and docroopoo noon 
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oftor ounric3; correspondingly, tho potential gradient 

Incronnen from Ito oarly morning value end givoo a 

cnnimum at about 9.00 no in clear from our oboorvationo 

am. nihloloon24 boo rocordod potential gradient along 

with othorcoteorologioal parnootora at different placoc 

tiith varying degroen of pollution and givoo 'evaporation' 

duo to rime in tenporaturo, an a poosMo cause of thin 

• corning minimum or 'ounrico offoct', no -it is gonorally 

tenvan. With tho holp of oxporimonto at f told and in 

laboratory, rUhloioon has oho= that tho offoct bocomoo 

otrongortrkton rolativo humidity in changing foot eta 

the contont of cmdonootion nuclei io high. HoveVory hie 

onpinnation of ovaporation no a ponoiblo generator of 

noaotivo Charge to only hypothetical and cannot have a 

°trona footing unl000 tho ozact nature and mobility of 

negative chnrgo oarrioro in ern an. 

Oa000 alvoo o very intorooting moult about thin 

morning mania= of potential gradient in bin oboorvationn 

c tyoto. Io roporto that the docronoo in conductivity 

and thuo inere000 in potential gradient otarto avon before 

ounrioe. o arguoo that the incronco in condonoation 

miclei duo to human activity in tho °nay corning, and 

not the ounrino, in tho coupe of thin morning anninum 

of potential gradiont Ognma furthor pointo oat that froo 

olavoction by "Wolf cannot inereace the potential g Aiont, 

tnvo otudled the occurrence of thin morning 

csnimuo o? potential grzliont frm our =mono of on yorar. 
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Accoriing to our observations, the statement of 

Ogam need° °ono flexibility, It should be ouphasicod 

hers that incroaco of tomporaturo and not the ounrico 

am on intelutorreatrial phenomonnn, in the couco of 

froo oonvection which /any affect the c'anductIvity or 

potential gradient, So, the time of incroaco of 

potential grodiont should coincide with the tiro of 

Increace of tooporaturo and not with the tImo of oun-

rico. Actually, the atmoonbario tomporaturo begin° to 

Incroaao c'nowhat =afar than the ounrico and that 

perhaps, has boon ignored by °gam, 

vo have plotted the time of beginning of mornina 

manimum of potential gradient by points ani the time of 

roaching Ito 'minimum value by crnocoo in fio,10,Tho time 

Of ounrico Chown by continuouo lino, lioo in botwoen the 

tt70 ang clove not sow to have any afoot, co pointed out 

by °gam, Plg,11 Cham, the timoc of bags ins of incr0ass 

of potential aradlent by points an' ti.-ioc of bcginnin5 

of increace of tomporaturo by crow= for four month() 

only, It to cloar fro-i the fiour° that the trio timoc 

are rather nizod with °set other, so that froo convoction 

which to aococintod with rico in tomlorature, may be a 

pecoiblo canso of pornina maximum of potential gradiont. 

It has boon found that a continuouc shoot of cloud 

in the nornIno hours, without any pr:Icipitation, cupproccoo 

no occurronso of corning mnnimum of potential gradient. 

Eg huunn aatIvity ululd hnve boon the coup° of poraig2 
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FIG.11.RELATION OF POTENTIAL GRADIENT AND INCREASE OF TEMPERATURE 
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naximame  thorn ohould have boon no ouch oupprosoion 

Oro to tho °hoot of cloud. 

Aanino  tho occurronco of mornin5 maxicum hao 

boon found to bo vary oonoitivo to tho visa opood. 

The maximum valuo reachod and tho =I to of coming doff 

of potential gradtont dopondo very much on the tiro 

or °tart ofwind and cAnd spood. Ao oho= in fig 7(c) 

above wind ovntinuoo throughout the whole day and night, 

tho mornincs maximum lo mi-sing* 

DISOUGSZT3 

Potential gradiont at thin ntat ion undorgoao a 

denblo poriodic variation throughout tho yoar ratio% 10 

a ehnractorlotio of land otationo. Ao ve knor79  tho 
elnductivity of tho atcoophero to influoncod by tho 

mnbor of nnolol proocnt and production of nucloi to 

camamun in the oarly pornins ann thoir dieolpntion lo 

mutzum in tho aftornoon. Brom
B7*56  boo triod to oopn 

roto tho local cooponont of the potential gradient from 

Ito yorld.nldo variation and attomptod to =plain it in 

tormo of op= local phonoconas According to him, the 

dcnblo portollo variation can bo onpinined oith a P€3...heur 

two of l000l offoot with a manimun in the oftornoon 

to3otb.or with a ouporimp000d *dopr000loni In the aftorw 

mono The SeA.hour 000illation hao boon attributed to the 

Iroduction of tuoloi and the dopr000ion to the dioolpation 

o0 nuoloi t-..1011 moult duo to Ituotemoh* offoots 



4? 
. Iorcbl53  has given a aimilar explanation. Ha 

attributoo tho P4. hour oscillation ma variation of 

Nth() coluzvar reoletance., and tho depr000lon to tho 

chango in local conductivity at the place of concur°. 

runt. Milo the latter dopands on tho local content of 

nnclol, the former le indopondont of tho distribution 

of the nuclei and dopondo upon the totnl nunbor of 

nuclei preaent in a column of unit horiaontal cross. 

motion. 

To undorstand the nature of atmoophoric oloctri 

city, Cdhloicen
F4 argues the consideration of threo 

enoraters. (I) Thunderstorm generator, which nausea 

unitary variation, (it) Evaporation generator, lahleh 

la governed by local conditions and le the cnuao of 

local cooponent, and (ill) thn.mado °paw chargoa at 

urban place° Witch aro the caw= of electrical unreal  

In potential gradiont and other oloctrical olomont0, 

Darther, nitalolcon
21 

hap carriod out oxporimonto at 

difforant placer, in induotrial tome and argue° that 

chnngo in conductivity only cannot account for all the 

potential gradient variations and the preconce of apace 

ebergo° in the at000phere could have to ho tenon into 

considerations 

Transportation of nuclei and lona in the atmoc-

phore ohoula lamely bo influoneed by nind. AG no have 

coon, high wind speedo produce nogativo petontial grallento 

oftentl000 th=o negotivo vallea aro caMciont onor,sh 



to aivo point.diodharao currant°. It trill to intoreat,. 

i to knoao  nhnt aro tho chomp carrioro and hiYa the 

champ lo producod in high wind apecilo? 

Prolor" and CronloP hove notod potential 

aid Tonto vihon a dmot.davil pnaood noon thoir station 

and both of tboi roport a noaotivo dip in notential 

aradiont. Thio, they onplainod by aaauning the duot. 

devil no an olootrical di polo eith noaotive charao 

up"aarda and pooltivo donnas:6rd°. 

The occurronco of nogativo potential aradion o 

during high yindo, uhich rale() duet from the earth 

oevf000, cs/ bo oxplainad by aocumina tho duot partioloo 

to be noalativoly charmed. It mono probable that ehon 

aind °trip° off duet particloo ehich nay be quite largo 

an clic°, from oorth curfoceor in ouccoorivo jut p° fmn 

the oarth curfaco, they carry with than n noactivo elIarep 

proportional to their copaolty. Th000 noaativoly chard 

duot particlo° ao up under sauotauoch,  offoot and =per,- 

imp000 a necativo potential Arad font over nom normal 

gals mothor positivo potontiol arndionto, The magnitude 

of noaativo potential aradiont °hall cloarly dopond upon 

no nw box. of loot partioloo =iced and that) on tho 

mooted condition and atimoolhorio tomporatum of that 

'Arco. "'hat coy be the r0000n nhy aroatoraand opoolo ore 

coodod in ni3ht time than in day tine, to cot noaatIve 

ontial cmdiont0. 

*277.o 1 7=11d111-aari. of nc3-tive plto-ftSca avantono9 
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4=ovor, cornot ao on uncontrollod. Tho proc000 mono 

to bo oolf.glonchod. AD tho negativo potential gradlonto 

Groat  a carroopondine Ohara° is inducod on tho onrth 

curiae.° arta thorooftor tho duot part ioloo c~ say alth 

'Mom pooltivo inotoad of negative charm/. This may bo 

is =moon, ao nointod out by Crosior
po ohy hie and 

Vrolor.o fiold pattorno loom of tho °hone no bang 

Ortainstod from tho passage of an oloctrical dipolo. 

Howovor, thin quonohing-offoct mow be Challong°0 as it 

connot porlit nogativo potontial gradient° greater 

then normal poaitiyo potontial gradionto at that timo 

of tho dog. GO, in our obsorvations, do find very largo 

nsgatly° voluoo, somotinoo largo onough to produco point 

dioebaree0 

Anottar Douro° of pooltivo ions, abort nogativo 

potontial gradient duo to high in opo..do ineroaolo 

vow much, lo tho point diochargo. Unporionco hop phonon 

that thin comic° of peoitivo lona Day prwido largo 

clnaontratioa of ions to give olootrical moment to duct 

otorn. 

Go can not soy that utillo high vind opoodo proftee 

meativo yWontial rmndionto, birat tomporature acto no a 

catalyst° in trio aind-offoct. Though no quantitative 

constant cm bo givon at thin °tog°, yot it memo from 

car aboorvationo that oomo product of mind speed md 

at=oophorio toz:por7Ituro lo nec000nry to dovloto potontlal 

CZnn4oMt 21C-7: Ito fair yoothoz. vnit:e. In cnr=er t%lo 

4 9 
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oomptont 1° attainod oarlior duo to high temperature° 

axe rind owed° and to maintainod longer. shot io thy 

petentil grcdiont for vind.dloturbod doyo doviatoo 

2Do fair mathor valuo (=liar and continuo° upto into 

houro in cum-or than in mintor. 

&, tho to: pomture falba in the ovonins, the duot 

boaina to cottlo dean and the negative potontial grnalont 

attain° the pooltivo fair‘rmathorvaluo. ?ho tiro of 

attaining tt poottivo fairicoather valuo rocieboo 000nor 

An minter tcn in =moor, pine° the amount of duot raicod 

in the noon end the atmoopheric temperature io relatively 

Mahar, 	in rum=or than.in taint or. It memo that nuclei vhich 

attain vory high levolo and do not cottlo dean upto late 

night, increnno condor:cation and thud incrooce the oonduot. 

tvity of the atmoonhore. Thia result° in an incroae3 of 

alv=.earth cmduotion current and potential !7redionta. Co 

that tho =Ice of occurTonce of nogative potential gradiont° 

on vind.dioturrbod dp7e become° the calm of incromood 

potontial credit:Into on th000 day° in the late night, ?Ito 

offoct can oloarly bo oboorved in fig.@ vliove the dettod 

comae, both In yintor and oummer, remain° a bit hidhor 

tInn tho continuouo curve. 



CHAPTER III 

=TRIM AGITATIO7 IN AITOSIXIDRIC 

ELSOTRIC FOTEUTIAL GRAMM! 

301 =HOW= 

We haw) diocuocod in the previous chaptor °ono 

of tine.voriationo of potential gradient wh000 periodicity 

to Iaraor than the rolaration tiro of tho at-oophoro, 

such poriodic verintiono may bo °tufted considorina o quaol. 

stationary electrical otato In tho atn000horo and therefore 

oo can dotormino tho quantitative picture of mchaniaa of 

the electrical proc00000 behind therm, aith the help of 

oloctrootatic laoo. Hourly vaiuoo of the electrical olmonto 

aro mod to otudy such 'lone tine variation°. Thio to Bono 

oe ao to omooth out the 'ohort' time changoo of the electrical 

olomont. The oriod of thoco sohort' tins variation° is 

manor than or of the order of tho rolazation tine and 

onorally ranvo from a too minutoo to ono hour. The o° ohort. 

tic° variationo or oloctrical agitation or electrical unrooto  

ao toy aro !moan, othtbtt thoaoolvoo in all the goophyolcol, 

c000rologlal and atmoophorio electrical olomonts• It hall 

to intorootinl to otudy the nature and origin of the oloctric, 

c3ltation in atcoophorto electric potontial aradionto  which 

glUD3 the oubSoct of the otudy of pr000nt chapter. 

8tott.or to Xorob1G1  # co ohall conoldor too moolitucie4 



mnplitudo and froquoncy - of oloctrien1 agitation. 

Amplitudo of oloctrical agitation givoo the total width 

of variation of potontial grad font in one hoar and ito 

grAuoncy ropr000nto the number of rovoroal pointo during 

WO hour to, tho number of socondery maxima and minima 

In ono hour, 

3.2 PREVIOUS nnsmas 

Little attention hoe boon givon in the paoteto the 

otu&j of olootrical agitation; the creator intoroot bolu3 

given oithor to the diurnal and pocular variationo or vory 

rapid variations duo to lightning dioehorgooe 3loctrical 

saltation hnoo  conerally, boon conoldorod ao undoolrablo 

fluctuationo of tho olootrIcol olomont, in the study of long. 

tic° variation and than ovaluatod by ticking hourly Donna. 

tor-anal  hoe ntudiod oloctecol agitation in pot. 

Ontial gradient and air-earth current during °Alpe projocto. 

2h0 potential grodiont and air-earth current, along with 

oono motoorologlool olomonto ouch as tompor7turo, prosouro, 

wind opood etc. have boon coeourod, undor unto project, at 

three difforont stat tone and they havo bean found ta eh= 

cleotrical a ition in both fair and dioturbod woathero; 

boil more in dioturbed than in fair woothor. The oloctrioal 

agitation hao boon found to be aoro in lay time than in 

nit tine cal hoo alp* boon found to undergo a omoonal 

vanAmtion. qlootrical canductivity, tompomturo, brightnem 

ma vapour proaro have boon found to onoroico their, 

52 
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offocto on tto oloctrical saltation.r.:Oroovor, the vcluo 

of pc/remota)? itoolf aloo ahoy° Ito inflame* over Ito 

electrical egltntion. 

Ogaca80 hap otudiod abort.time variation° in 

the form of 'fluctuations' to, the differoncon betaoon 

the hourly valued and tho ovorlaping moan° of five bourn 

poriod, at any timo. fio has ohoun the variation of 

saltation in potential gradiont, alroarth ourront and 

conductivity, Oith the olonent.valuo but bna not found 

tiny dofinite diurnal variation of the agitation. Tho 

moult° of itaria are, howavor, confined to the obaorvat. 

Iona of M fair voathor days only. 

Clonoure,:onto of potential gradient with two field 

mIllo at a diatom° apart in a lino along the direction 

of rind, have boon done by 	and Chalmore2n. The 
obcorvatizma, ahich have boon tckon both In fair and 

dIaturbod ceathor, (Ala *mop' like variation° Mn far 

mother and V., and U.typo of pattorno in dhovero. Bffoct 

of brightnoco in fair venthor awl in overcoat and the 

°Met of mac° charge° on the potential gradient have 

very veil boon atiadiod by thin cothod. 

In ardor to undorotond the motoorolocical 

atmoopherie olectrical corrolat iono and the fUndanontal 

procoomo bdhind tho origin of therm ohort.timo varicItiono 

An potontial graIiont, ao havo analycod cur data of one 

year ani mynroted the cmplitudo and froluoncy of eles 

ideal oaltonon directly ea Ti rocord0. & for the oteny 

of tho attly=31 vcricatione of potontial gmalent, t7,e 1:2770 
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dividod the total material in three categories 1.o. 

(1) fair mother &iyo, (ti) fair aeathor day° 1nclud. 

Ina vind.8isiturbo4 days an (iii) the total day° 

oncludin3 the period° of actual procipitation. 

Fro: 	onvarflo, ve ahall ropr000nt oloctrical 

aaitat ion omplitudo and frequoncy by tTA  and Up 

roapectivay, 

54 DIURUAL VARIATION OP BLEOTRI1,AL MITA:MD 

Pig.12 °hove the diurnal variation of agitation 

amplitudo of potential gradient for difforont months. 

Continuous linos oho the variation on fair mother 

day(' and dotted linoo on fair vonthor days including 

aind.dloturbod day°. The valuoa have boon ropronontod as 

the porcontnao valuon of the ml,an valuo of the roopoctivo 

montho. 

It in clear from the figure that, of filar to 

potential grad font, UA  aloe oho= double periodic 

diurnal variation. Tho pooltiona of Danica are noarIy 

In the oar= position a° in that of potential grad tone. 

"ho double poriodic nature is oanoyhat diffaced for the 

maths of April cnd rby and to 0=0 ontonA In the cuncor 

no a riholo but in t,intor the variation bocamoo mom 

°toady and mauler. Actually, VA  loot ° to tavo an 

inoroaang tonioncy in noon in can or, inotood of giving 

a dip no in ulntor. taffoct of vind on IJA  can bo aeon 
Osrm tho dotod CLIETIOC4 One very surprioina rncult to 
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that whoa re includo vind.diotulmbod days, VA  g000 on 
lacroaaing in noon, from ito morning maximum valuoo  

lnotoad of docroaoing in noon ao on fair voothor dayoo 

roroovoro  the morning and afternoon maxima oro ouppromod. 

In oummoro  doublo periodic variation champ° to oinglo 

poriodic vith a canal° maximum in tho noon ahon cxo 

includo oind.dloturbod dayo. In ointoro  houovoro  the 

doublo periodicity of the variation to otill maintained 

with oome dhow in Ito magnitudo. 

Pia913 oho= the diurnal variation of agitation 

ft:iguana, 7ho continuoue and dottod lingo on tho oaco 

oo in figolno Tho variation its not very oyotomatio and 

20aular ao that of a3itntion arplitudo. Rovevoro  the 

winter pattorn io more otoady an' regular than that of 

coot. A VO27 romarhoblo difforenco in tho direr real 

variation of agitation froquoncy can bo notod frmo that 

of agitation amplitudos Variation of Vp on fair =other 

dayo tondo to bo oinglo periodic in ouccor and doublo 

poriodlo la mintor. In our =er tho maninum lloo in tho 

moon and in winter maxima Ito in the forenoon and aftor-

000a. (For the ooho of intorooto  thio tondoncy of chango 

of periodiolty with oonoon lo tho rovorco to th"t of 

dlurnal variation of potential gradient at oono land 

otationo), Mon yind.Oloturbod &ova are inoludod o  the 

(Anglo porioiic nature of Up in rummer bocomoo vory 

ptvninont and the abooluto valuoo of Up aloo incrence 

An day tiros 7hua the nature of alumni varlet tone of 



c2911tude aid froquoney of olootrienl agitation roast 

°or:or:Mt dMorontly pith the ehango of cocoon. Thine 

point °hall bo furthor (=planed in the nrnt artielo. 

0•4 SEASCrliii# VARIATIO2 OE, BLICTRIOAL ACIVATI011 

To furthorostabliah the nature of chomp of 

diurnal variation pith °moon, cvorago valuoo of diurnal 

variation° cart ealeulatod for =mono oquinoneo cnd 

aintor cop. ratoly for fair ve-thor daya both Including 

and excluding pind.diaturbod day °. rig.ld ohmic the dirrna 

variation° of UA and U in difforent cocoon°. Viiuoo 

aro roprocontod no the poreontngo iraluoo of the avorcao 

coon valuoo of the roopoctivo ponoono. 56.7.3 of folloping 

p2inta are aatoporthy: 

10 	Perzentago variation from the mean value on Zak? 

mother Owe is moro ZorUA than for Up 2or UA tto 

vorcontaco variation to more in aintor and loco in Garner 

e~ ails for Up rove rro to the arca i.e. more In ouaor and 

loop in Pinter, 

P. 	A5Itntion amplitudo °hove double periodic variat. 

Alm thvonchcut tho(114-tole year but agitation frequomey to 

Contact porIcale in ointor an tondo to bo (Anglo parloiic 

In Enamor. Rho double parledic vr'rtntiono, both In 

enplitudo ana fronuonoy, havo thoir annica in forenoon 

c.;11 afternarm PWIlo nlnalo poriodio varimtionn have their 

Inn in co!m. 
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39 	Mon mind.dieturbod days are includod tho 

valuoo of TL and Up ar modifiod in such a any that 

thoy bacon  l0000r in night and nom in day than 

th000 of for manor dayo only. The incroaoo in noon 

tino io moro in oummor and loop In vintor. 

do 	The Una, rten the agitation on fair mother 

dayo including cind.dioturbod daye,oxcoedo that of fair 

voathor dayo only, io earlier In tho nornina and into in 

tho ovenina, for oumor then for ointor. Tho difforonoe 

lo about tce houro in both oidos•Thuo, tho total duration, 

curing rich vind.dioturbod curve romaine hiahor than 

fair uoathor curvo, io moro in cu nor than in nintorg 

00 	Tho inclusion of vind.diaturbod doyo to fair 

moathor dayo mum the diurnal variation of VA  and Up, 

to bo oin310 portodto in all 000sono„ with Choir Ella -11.= 

valuoo in non. 

0, 	Tho incluolon of elnd.diaturbod dayo to fair 

mathor dayo, affect° naltiation'o froquoneg l0000r than 

Ito onpbitudo. 

79 	The tranoition period of oquinonoo ohooto 

codiotory dhoractor for all the aove characteristic°. 

Vo hnvo calculotod aloo the nvoraco vnluoo of 

U and Up gor difforont nontha and firJ.lB ohovo Voir 

ennual variations Tho eontinuouo lino oham anplitudo 

=dation cab 420*.tod lam tho froquonoy variation. It 

lo clear ttot both run noorly parallol tl ooh othor. 



58 

Die Irma 01? pazanza, GRADIES7R on 
ITS MONRICAL AGITATIO0 

parallol nature of diurnal and pooponol 

vavlationo of potential Arad font for fair yoather aoyo 

one Um tabletop ono to think of aomo dopondonoo of 

Utli  on potential aradiont. CO hovo triad to 000 tho nature 

and manitudo of thio dopendonoo, Unlike !orate and 

03ava13a DOho haw taken ovoreao valuoo of potential 

arcdtont and UA for oorio individual fair coathor dam 

we have polootod our materiel from tho hourly avoraao 

valuoo of difforont monthet  from ,ohich diurnal variation 

0 ir o for fair =tither haw boon drawn. Corrompondina 

volt= of VA  for nearly equal hourly avoraao valuoo of 

votontial avodionto (within ¢ 5 Vim) hnvo boon colootod 

and tho it avoraao hap boon tchon• 

Via010 oho= tho variation of UA  with potential 

gr-cdiont, Yt is cloar that 11,41  incronow with potential 

Gyadionti  fist 'olowly and thon rapleays Xt lo amain. 

cannily difforont frog that of !arc a
01 and Ogrma6 i  both 

of uhon found the variation to bo linoart tho dincropaney 

boinc noro of loyor vnlueo of potential cradlont. "Togo. 

ovoriour rooalto ahoy much loos ocattorini3 than thoco 

of proviano tv, Yorftoroi 

Vnriction of Up yith potential aradiont hap alto 

Tx 7c21 otndloa In tho 0070 my no that of UA but no dofinito 

Sntor6dononlonoo 1zo boon obrorvodi 
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Sea OLSCMCCAL AGUAS! IOU DISTURS7D =Avon 

s contionod Marl tor, uo havo dividod tho total 

cntorlal in throo difforont catcaorloo and calculatOd 

olootricaI cjitation of potontial arndiont for mach of 

than ooparatoly, Tho abooluto values of mplitudo and 

groquoncy of tho aaltatim aro bhoun in tho tablo II, 

Table Ii 

von ter IPair mat 
do 7a 	doyo includin3 	Total cind.dioturbod 

I a 	

notarial flan. 
oono 

Car 

Vittuinonoo 

UintOr 

19 8,1 34 6.0 41 3.5 

SO 8.0 34 8.9 34 0.1 

22 0.1 SD 5.2 29 0,3 

20 503 35 0.7 38 04 Total 
avva o 

VA lo 34 	of tho avoroao vnluo om glair vor'..thor 

do o, and it inoron000 to 73 IrMon via inclw%o 

dioturbod dcgo, 7ho voluae of UA  and Up aro nocr17 

°qua for totn1 artorlal (ancludina poriodo of actual 

syr!rApitaticm) and for fair coati= data inoludlna.uln0.. 
dioturbad dayo, Thio lo cm important concluolon all 

bo furthor nioca000d in tho nont articio, Tho valuo 02 

Up in folv,  cc thor to 5,30  that pan= that patontial 
Lwa0Innt coo ito diroction in fair uo.tboro aftor cbout 



1103 ninutoci, Thio poriod ia 0  hormaer9  roducod in 
dloturbod coathor. 

Anothor important concluolon from tho toblo I 

can bo dram i.e. tho vnluo of 114  inorm000 fron 

cuamor to /Motor in fair croathor'ahlio roveroo io tho 

caco for tho total =them'. 

so? sons PECULIAR SEM-PERIOD VARIATIO:78 
DISMIBED MANDE 

Tho ontatanco of high olootric fioldo in 

cloudo of both typo° . ram and cold = io undoubtod 

and tho diotribut ion of char ao in then howl roll boon 
oonfirmod no an olootric dipolo of pooitivo polarity 

pith a pooitivo dhargo pocUot in tho bottom* Thia 

olootrical dipolo onorol000 Ito offoot on tho fiold 

33ttorno0  mocourod boIot ouch 0410130  proportional to 

to dipole commit. Uhitlock and Chalooro°  how 

otudlod oamo of th000 fiold pattorno and have attomptod 
to got oomo information ao to no 01000 and holebto of 
oppoo char poolloto0 cauoin3 th000 variation°. In 

our vioual oboorvntiono no found oomo pattorno of 

Intoroot undor varying atmoophoriceconlitiono vihiob 
mlght holp In tho intorprotation of ohort.timo varlatm 

Aono of tho potential gradiont. Wb procont oomo of thorn, 
°horny°  eo bolovs 

I* Ovoronot 
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V13.17(a) ohm:7o a r000rd of potontial gradiont 
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dhon ohy ciao overcoat by otratuo and otrato.cumuluais 

Uhilo moot of tho tino0  potential gradient remaino 

pooltivo 0  It ofton jump to nogativo vallawe  Victual 

eboorvation on ouch occaolone boa obovn that potontlnl 

gmdient hoo highest nogativo value whon tho ovorhand 

olcud to dotroot i.o• thicftoot0  and highoot pooltivo 

valuo vhon ovothecd oby to bright . a door Indication 

of nogativo charjo concontration In the bottom of 00 

oloudo. 

f tho ovorcoot cloudo oro thin uniform and 

loao mobilo0  than, generally, only poottivo valuao 

oro oboorvod and potential gradient boo boon found 

to ba °toady and constant throughout tho porlod of 

overcaoto Such a uniform ovorcoot hen boon found, in 

ono ea000, to cuppr000 tho noon dopxaoion and oftori. 

la0011 at1ZiMEIO 

2. Minty EV 

notontlal gradient in mioty vonthar lino boon 

found to bo cenoltiva to mind, If thoro io no or vow 

light ulna,'  than the potential gradient haft boon fcumi 

to havo a vary oteady poottivo valuo aft ohoon in flas170). 

In ouch a caso gradient and Ito oloctricol oaltatton 10 

=eh =Wood than that of fair croathor. AlternrItivoly0 

n the proconoo of cind0  negative valuoo two boon °boor-

voa. Pho racoon may bo looto6 into cone inculation 

b=ltdevn 4na to hi cA humidity, co curacatod by Cholmaro" 
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Da Pair Ceattor Cullis 

Pnocago of a fair,  mother cuculli gives a 

omaoticno going to negativo valuoo, in tho 

potential 7eadionty Ono typical cam is oho= in 

fig,17(c) where tiro fair we ather cur ulii papood over 

bead ogainet clear blue okY giving two V.typo of 

dhopoo. If th000 cumulii are largo in ain't  the oat 

ation intim= vary much. 

Uon.roining Stratus: 

Pig,17(d) give° a record of potential radiant 

Wino a atratuo cloud passed overhead without any rain 

!ho potential gradiont give° a negative dip, The preoonco 

of lomr poolt ivo charge pockot coy be eationtod rE403 tho 

vedaction o0 potential gradiont from its negative peat 

value 'hich give° a U.ohape pattern to the field. The 

cocond nogative peak may be canoed by (another amall 

oqratuo ands 

B. Thin Shrota of Oloudos 

o 1m7 altitudo thin °hoot° of cloud° hno 
ccrzatimoo been ebaerved to pao° under relntivoly h2g51 

altitude thick cloud°, Theo° °hoot° are nearer to =ter 

vapour than to cloudo co far a° tho it °fracture is 

concernedo  and poop tlith velooitioa greater than the 

big heavy alma°. The pnocago of ouch ohooto ovethecd 



co given an indication of pooitivo charge in thou. 

PI 17(o) gt7oo an onamplo of ouch a record. Pour 

pooitivo kinho botvoon 18.30 and 16.30 voro visually 

observod to bo apoociotod vith tho paosing of four 

thin cloud cheats diractly ovorboad alth opoedo many 

times groater than tho /deny oumuluo and aim= cloudo. 

0* Showoros 

Potontial grad tont3 during oho oro hnvo boon 

found to bo largoly fluctuating from pooltivo to 

nogativo and vico.voroa. Tho valuo of potontial gradionto 

Lo fairly highor than that candor non-raining clouds, 

One such enomplo is Oho= in fig.17(f). UO dofinito 

conclusion can bo ars= art to Ohct is tho olgn of tho 

°bora° on rain and vhat is tho comae of ito ortain blat 

tbo onoot of actual oho for did ohm oomo dhongo in tho 

acid pat tom. 

7* Oontilancao Rains 

Pig. 17(g) givoo ono of many ouch fiold 

pottorno oboorvod during poriodo of continuouo rain. 

Though potontial gradtont ofton changoo oign in thio 

0000 aloo tut for moat of tho ttmo* it rocaino negativo. 

nwoovorto tho fioldo aro not co high ao during phi:vat°. 

300 111TERPLIMAT/011ors =stain 
&T dhango in potontinl grndiont canosorco1170 

bo conoiamod to bo cnucod oithor by Chnn3o in potontial 

a tho global otmoc,722orio condoncor or 07 fibrn50 la 
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conduetivity of tho atmoophoro at tho pine° of bzactatio. 

cont. The odor of the duration of tip° of oloctrical 
imitation deoo not vomit uo to conoidor tho f trot 

ponelbiliti to be bohind the cochanica. Tho dharao An 

local conductivity can, hocovor, be ccused again 07 taco 

prof:moors i.o. chenmo in opaco champ distribution or 

chance in nuclei content of the atcoophero. 

V=3 table II me coo that eleotrical maitotion 

=lett' even in fair moothor and it too aqua valuoo for 

tho total material and for fair meathordaye includina 

leind.diaturbed'dayo„ So that the nochanicm Of origin 

of Natation should bo ouch thnt it could °wrote oven 

on fair =Aber days. Tho revere° increaelna ordersof UA 

vith merlon for fair voather dale and for the total 

ontorial, cumoot that elthor tho caueo of naltatIon to 
different in turo onneo or thorn are too controllin3 ?motor° 

of naltation, ono predcminatin3 in mintor on fair Qoatbor 

day° and the other in nucmor in the cam of total c3torial. 

Iornel01 finds Ito =planation In atmoo?herio 

turbulence in mhich air onceon lumina different corona 

oontento 0=00 tho atoon7heric conductivity to dhanze, Aan 

tyltoo0  

(ri The proportion decoribod cOevo aro typiml 
for Qat atmoopheric turbulonce procedeen Mae 00E:30— 
tong th000 of the atcoapheric nom ouchjo preconnon 
(cantaanch). Co, it can bo mid vitt% certainty ,that 
tho emocrherie naltation to in cenorrl n air et 
rocult of the atmoolhorio =Champ ?ramose°. Thom 
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Onchnnao procon000 produco turbulence cello 
ahichp duo to thoir difforent acroonl contonto  
have difforont conduativitioop sand the voriouo 
apaco eharaoo thoroby produced aivo rico to tho 
chanaoo in flold and current at thn otationo over 
ahich thoy paoo". 

Lho ouaaeotod mochaniom o rood vtth tho 

oboorvatimon of loran but only partially cith that 

of ouzo. 1=051 =porta that in fair coothor, olootri al 

agitation to minimum at night and ooa on incroaolna 

aith tino u9to noon. In our obaorvot iono o1.00trtcol 

aaLtation nano parallel to the olorzont.voluo and aivoo 

one maninun round about 9.00 and another at about 20900 

bourn.. If atnoophorio turbulance io tho only factor to 

oontrol caitation, It should have one oinglo maninum 

in the noon, To onpinin thio Olocropaney of diurnal 

variation of agitation, and other oboorvational facto 

which a° have doocribod above, ve cuagoot the folloaina 

p000iblo mochanian for tho origin and variation of 

electrical agitation. 

?oeitivo apace charm) Ito ooncontratod noar the 

oarth'o onrOaco, duo to olootrodo offoot in fair aoattor 

glom Thin pooltivo Ivaco chats) lo carrlod up in InD6. 

ducsahto ano to convection ourronto cot in the atnoosihoro. 

Oe that convoction cello of the atmoophoro diva rico to 

Dooltivo crnoo-oharao oolumnn stain a in the atmoopholo 

Onr:m 

 

the owneo carfaco. The frequency of o'nvontiova 
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cells le reAlkly of the order of the agitation Mn 

pOtential gradiont. Thio .baolc.otetoi of oloctrical 

alitation lop hoesvort  nodifiod on nind.diaturbod 

Owe. tilah wind° cot turbulence in the atmoophoro 

and ram dust partioloe from earth curfaco. 7hle 

cer000l content of the at:lot:mho= givoc rip° to 

air.maecoo of difforont conductivitioe by atmos 

pheric mass enchango procespoo and thus further 

inarowe the electrical agitation. So that vo can 

eay that oloctrical agitation is duo to free 

convection In fair Loather and duo to forced convoct. 

ion in diet' rbod voathor, alroover, tho mac* of chango 

in conductivity is the apace chargo in fair croathor and 

tho aorocial content In disturbed coathors 

Since the poeitivo Ivaco char  go concontrat 

Ion nowt t earth's surface duo to olootroeo effecto 

chould be largo in high floldo and vice versa, the 

parallol n^,turo of UA and potontial gradiontio diurnal 

variation can be onpininod in fair tioathor. Bingo in 

high wind °voodoo  tho phonocenon of electrode offoct la 

not oboorvado  the variation of aoroael content become 

the controlling factor to chcmge the air Citt30 conduct • 

lvttioe cad thug oloctrical agitation. $o, the doublo 

periodic diurnal variation of UA  on fair tiosthor dcyo and 

Ate chan:se to nix to periodic variation on aind.dloturbed 

do 7o, can n be onpininod by conoidoring the trio cech. 

onion° oper:N.tivo in the different circumotancoe, 



Cocontly, Dont and Mitchinson31 haw) m000ured 

opsco char at tbroo difforont oltitudoo clam to 

the earth carreco, and aloo amourod come cotoorolocical 

olmento. :toy have obcomod that apnea chn•Go chanvo 

olcultoneouo to the choncoo in nand opoodp tomporaturo 

and huaiditg. They oboorvod so= poako in apace dhorGo 

roeordo and oxploinod it duo to tho oricin of turbulonco 

collo rtoino fray corth surfacoo  carryinG positive chase 

In than duo to the olootrodo °Met. The poriodicity of 

theoo post° boo boon roportod to bo 12 oin, which lo in 

aaroamnt sith 11.3 min, which to the mom° 

period attar which potontinl Gradient chonsoo its diroct. 

Ion in fear voother•  ao oho in toblo. IL 

Another oboorvstion to oupport our prop000d 

theory of olootrical saltation, to the oboovvotion of 

lorA.lovol ion cloudo of both oiGno by Brocegiolde30 

passing overliead at altitudoo Go l ao 10 o. The frock. 

none, of such ion cloudo he o boon oboorvod to bo proport. 

lozal to to olootricai field itcelf. 

Xn tablo IS wo coo that VA  inoronsoo from 

camer to slntor in fair taathor, shich nuot be co if 

GMT propooed theory to to be correcto  boccaco over co 

valuo of potontial cradiont in Fair voathor increase° 

gucn cu or to sintors t: on co take the sholo notoriol, 

tIze VA  to creator in a.mmor than in sintor 1,o. rovorce 

to that of OurinG fell csathor. ?hip lo, ho.cover. pm:belay 

ano to no Inoreased acitation in cnaaer Cue to no 

9mcence o0 eh-ran in 01=400 

6 7 
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/ITT ROTEUM IOU 

In tho pr000dina Choptorof  mo hnvo coon 

that oolar =illation and motooroloaical factor° have 

Choir dominant afoot on th9 ataoophorio olootric 

olonontos Tho rolativo macritudo of their afoot, of 

courso9  dopotdo on tho local conditions of tho plow* 

It io r a9.nly bocouoo of ouch influoncoo that difforont 

plow° hovo thoir local anomalloo in diurnal ond 

othor variation° of ataoophorio oloctric olotonto. /Et 

lop thomforop natural to =poet that a colnr oolipoo 

o7lich io nIninc but on obotruotion of molar rclintion 

fora particular aroa of tho oarthoo ourf000p ohould 

tavo it° offoot on potontial Gmodiont. Oar routino 

v000rding of this paramotor, do rovoal an oolipoo 

offact Oa= and Varchnoycn• 

4.a riaunorto rtnauxis 

Cam oortoro balm roportod Choir roculto of 

tt3 moncuromnto of potontial aradiont &Irina tho poriod 

o2 oclipcoo0  at dtfforont placoo and at digOoront tAcoo 

tnt their roculto aro co controdlotory that a ototo of 



canfUoion provnilo. Clith tho pronont litorrturo avnil. 

abbot)  ovon it lo difficult to my ohothor tho oclipao 

;Ica or has not any offoct on tho potontlal 0=diont4 

CouvoanGS and Prolorp4 in thair oboorvationo 

found tho potontial sradiont to bo unaffoctod. Jonoo 

and Oloaocta°8  nada neaourononto at Huaneayo on Path 

Sonuary 1964 and found tho valuo of potential aradiont 

auxins tho ocltpoo to bo lope than that in normal condi. 

time, EUhlalcon
GG 
 alga found a docroaco in potontial 

avadiont at and attar tho total oolipoe of Roth Juno lead, 

Untonalvo croeurononta havo boon m3do ot tho orirth°o 

curiae° ani hi ,hor altitudoo duri tho oollpeo of nth 

Ydbruary 1C32 in tho Dolsian Comp, by Zoonisof0142°, 

Ho roporta tvo broad 41pa in potontial aradlont tocarJa 

tho boainnin3 and ond of tho oclipoo and a poaitivo valuo 

at tho totrlity of tho oollpo. Vor nocCtizrnrito at hiahor 
altitudoot  Zoonlaafold laundhod throo radl000ndoot  ono 

at tho boainnine3 of tho oclipco, ora during tho oak= 

and ono aft= tho oelipzo, Chao in tho firot and tho 

third fliGhto, tho potontial arailont cry Omni to bo 

mak and otoady, tho aocond ooundina aavo ralativoly vow 

rich and voy unotnblo valuoa. 'moo unatoclin000 of potont. 

lal aradionq during ho boiaht of tho oclipco aivOo 

olmr inlicvlion of diaruption and roarranjo:ont of 

otvatification of tho atfloaphord, 

60s mannuman 

6 9 

71-nu!-(7.nnto 17min11,_-Y'co oftIn 731,tc.:"..taci =_12ont 





during tha oolnr oelipco of POth rny 1%* at thio otatioa 

cv..1 tho roolr5 lo roproCueod In f1/3.13. 	condition° 

an n; tho oolipon wore oneollont, tko Qty boinc olcao 

azd yoothor calm. ^:ho eontinuouo lire oho.co tho r000rd 

on eelipoo-doy and tho dettod lino cheap tha coanrovalue 

of potontial arodiont for tho month of nyt1900. 0n1y 

g170 day° core included to drag tho noanmvoRuo.earvo, 

'Mono drys core elam ond carat  ohne other doyo aoro 

Moturbod °Maar by elondo or by otrong ainlo and duot 

°term°. Tho Omotion of ocllpco 	oo frog 16.30 h to 
17.60 h L.10, It mo cairn (about quartor of tho 
Can unlor chndoa) at about 10.48 h L72. 

Xn the botjinnin it had no affect on tho 

Otontial Ga.:Montt  but abon the oolipco bocci o approol-

ablot  tho potontial Gradiont bacon to doorocoo nni thca 

bow= no3ntivo at 10.00 h 	It cow coon attairaa a 
high =cativo velno of 143 Vi =3 ahleh oao cror.t dovif,tIon 

Oran tho attorulco Znizi-upathor poettivo c-luo of ¢ 21 Via 
at thin hear of tho dog,. ThIo value,  ha=ovort  2011 althin 

but 10 micntoo to -37 Wm. It o2ain inoro=od caa tlooro-

acod four ticoot  altrinz rico to pratro. /n ally thoro toro 

Olvo poc::o^ith cnnicao et -1400  .1170  ./no  .00 and ...SO V/a 

000urrin3 nt 10.08, 10.18, 10,35, 10,0P caa 17'20 tonvo 

roopootacoly. Tho 1aot pot:silt  hovovor, hao a c000m1r,ry 

2-nimum 3ta -1,1 prier to It. At 17.41 ti mr2 tta potonnal 
c=laont cc-an boeano pooltivo rInd attalnon Ito notn17,1 

v^ltto. 

i0 

rnclra tl!o foil waing tt 



notovorthys 

10 	Potontlal Gradient =mins neaativo throughout 

tbo appraeldblo oclipoo. It bogino to docroaco aftor 

about 18 min. of tho boginning of tho oolipco and again 

bacomo poeltive beforo about 18 min. of tho onto of tho 

ooliyoo. 

24 	T. variation lo regular. Each pooh hoe a 

1cmor nogativo valuo than ito pesos' rig onoo  oo aloo hco 

ma minimum, 

0 0 DXSCUSSIO3 

In trying to month for Qom =planation for 

tin offoot of oolar.00liyoo on potential grodionto  it lo 

notural to tem tho Quango in pair radiation and Ito 

Jana 09 ... acoociatod °Moto into conoidoration * uzab, 	autagoot00, 

intorrupOlon of hooting of oarth by tho can and tho 

local clreucotan000 to bo tho mum of tho offoot. 

2conlgofole°  aloo onplatno it on tho bnolo of +phony of 

ow :motion =rant° duo to chary in hooting of tho oartheo 

=aw. 

COmarin5 our oboarvationo with thoao of othoz 

matore, it aill bo found that in coo far ao tho potontlal 

arndiont ronnlno nogntivo for tho moot tiro aurina oollpoo, 
• cm' Tomato tavo °ono rocomblonco aith Khonlaofold'al°0 

SA othor GotcAlot  hovovoro  them in not mob r000nblezeo. 

nooalyfoldo  Oar inotrnmo  obcorvod a yocitIvo value) at 
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72 
about man VI► 11 oalipto0  ye did not. 

Ono p000iblo =planation of tho (afoot can bo 

2cnnd from the oboervations of Kamm and nototania60 

They found an incream in ionisation tit tho oartb°00 

curgaco, during tho period of (naivete, Thia incroaco 

In Ionisation may remit in oamo &foram) of potential 

Grafton% but this d000 not give any =planation for 

the nogativo values of potential gradionts Rowovoro  

Af negative Imo out of this inoraasod ionisation of 

the atmoophoro be combat./ carriod up by convection 

enrronto (the pooltive ions going towards earthdue tO 

docreaood oddy.diffuoion), it may give rico to negative 

potontial gradionto. 

The following two foot° give oono oupport to the 

proposed them: 

10 	Dioturbanoo in otratific3tion of the atmoonhero 

on° Ito rearrangomont duo to the Chango in convootion 

carrents beam= of change in hooting of tho oartho  should 

b►o manimum glot after the beginning of the eolipeo. By 

tte troop equilibrium ohould roach. Tbo regular docrence 

In the height of the peak() from boginning to and of 

the solipoe clay find Ito =planation in thici fact, 

So 	Both the increaoo in ionisation and the increase 

An potential gradiontoo  aro nearly core then 6oublo their 

Map-active Q^352 foir.voathor velum, 



A better confirmation of the proposed theory 

may be had by the measurement of apace charge density 

or each polarity separately at different altitudes at 

the place of measurement during the period of eolipoo., 
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CIAM.ER IT 

VOIM.DISCHARGE CURRMTS PRO1 

gS01022D aranacsAL SHARP PDILV 

Gol IMPROVIV1017 

Thai nonomonon of point diochargo occuro 

at dump potato, ralcod abovo tho earths ° =dam, 

z1nring high fioldo in dicturbod vonthoro. The eoneon. 

tration of lino° of forco round the point aivoo rico 

to =optionally high floldo in ito nolahbourhood and 

ao a moult, atamphorio ,ono aro attractod towar4n 

tho point. i high fioldo tho onoray of th000 lona 

boocmoo co moot that thoy products lonloatlon duo to 

oolliclon, 	lono of tho °Jan of tho potontlal 

cpa5iont aro attrooto4 tocardo tho point, thud alvina 

Dolat.diodnoao currant of tho oacto olan as tat of 

potontial ar=diont* 

Duo to Ito Importanoo, no hoina a C330V couroo 

fog' tranofoy of oharao in tbo atnoophoro, tho phonOmonon 

of volnt dIctarao hoc boon otudiod by difforont vortlorc, 

t62tna difforont typo° of point° or cot° of panto., 

ttyprimonto tiro boon cado bothvith natural and arts.. 

glottal potato* It lo non eloor that natural point° cnd.b 

co Qnoo, Co Ent bohavo ainliar to that of avtiflolol 

ozotod polortoo 



rnanitudo of point.dlochergo current° coy dopond 
upon the fiold9  vine opeedo  chap and hoight of the 
point and yonapo on other factor° oloo. Havievoro  12 co 
tco one particular ioolatod artificial point finad 
at a particular boightp it coy be conoidomd that flold 
and mina opood ronain tho only governing factor° for 
pOint.dlochargo currant through tbo point. rlany attOmpto 
have boon =do to find out an =act corrolation botaeon 

elold, aind opood and point.dlochargo aurront but rte 
Cofinito conclnalvo rooult hao got boon obtainod. It 
Oben, tho Toro, bo vorthlhilo to study thio phanononon 
An odor to find out tho rolativo doponionco of point. 
elodhargo cu ant on wind opood and fiold.  

Any attonpt to study the corrolation of tho throe 
Errarotorao  pith laboratory omporiaontop can givo only 
gaporflnouo moultob ?ho atnorrhorlo condition° aro aldely 
4I0foront ft= tb000 that can bo producod in laboratory. 
ZOToovore any attompt to comparo tho laboratory end at=o0. 
pberio diccaolonot  oball be oo =eh an ovonoimplifloation 
00 the pmblcm that tbo moult° cannot be taotiflod. 
egtr) affect o2 opaco charge produced and ito t 	for by 
cuing aro amo23 the main offocto abich cannot to cone 
Cocoa to bohmro oiallorly in laboratory and atmoophowe. 

0.2 PIEVIOU3 DaRILRO 

thippao and Some°a ignoving the offoot of aim8 
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on point.diodharao current, found that ourront throuala 

a point at about tho hoiaht of nolahbourina goof  and 

tho potontial arndiont poaourod at around o  ccn bo 

vol atoll by tho ovation 

( P2  — 1113 	.. (001) 

rstaoro X to tho point.dischargo currant, P tho 

potontial aradiont acrd a and U aro conotanto. 

ChalmoraG9  dorivod it thoorot Ieally0  ianorina tho 

Offoot of vind and talzing tho point as ono of a root. 

annular oot of pointo 0hiplonkor7 0 Yriborry71 and 
78 Cott:Mason found thin for la to bo in aaroomont r/ith 

Choir oboorvationa. Hntohinoono  hovovoro  indicatod a 

tocfionoy of hip obaomationa tovardo a fILot.po=or lev for 

hiGh potontial grodiontoo Mirftcan and Chalcoro93  rooms 

7aa0 tho obcouvationo of tihipplo and Soraod3  and othoro 

cz3 ollomd TIct a rolation of tho typo 

ulth propr value° of no 	bottor fit with than. May 

gozrA that ninth n 0 1,07 0.13 for Uhippio and Sor000.o .  

aocalto mid a ex 1,09 4' NOG for Hutchinson') o  ropunoe 

Mo oboorcrationo bottor fit ratts(0.62)2athor than (3;01)0  

Claalr=0 and Lpl000n9 4  noncurod enr7ont 

7Alto atelnd to a coptivo balm**  hoolls,  thm nt 

7 6 



7! 
differont holahto and found that their rooulto can bo 

with the theoretically devil:trod rotation: 

m vq-a 03-q .. (8.03) 

vhora V to the potont al difference batmen tho point 

and ito ourroundimo, t7 tho wind °pod and ft and q 

'Ur) constants (q could not bo dotorminod by theory). 

Dor their' obcsrvationo. tboy took q 0 PM and aavo 

tho rolatioa 

It(Ph)
7 

(v)145 	(8.04) 

oboro h to the hoiaht of tho pot.t o  oo that VmPh if 

thorn io no °pre* chary in bet000n. 

nem= and Chalmors93 moaourod current° throudh 

a point at a blab mot, moaourina wind °rood at abcnt 

C n boloo the point, and potential aradiont at around and 

aim ? a bolc,77 tho point. Thqgaund that ttolo oboomm.. 

Ucaa can be Toprocontod by the rotation 

( 0.*.c ) (P. ti ) 	(003) 

C71:20 V01 ata c aro con°tonta. 

Ohar=m715 did lnborntory onporimonto on point to. 

ploro diochanne and eloo otudiod dischary 2rom pointo 



ottcchod to r0V0plane• no ouggooted that the corroot 

elation ohcald bo of tho typo 

tr ( V Vo  ) v 	 00 (8003) 

TAtero V to tho potontial of tho point with rospoot 

to it° aurroundingo, Vo  the min 	potontial to 

otort point Ulochargo, k tho conotont and v the 

voloetty of lona. In no wind, v to proportional to P 

aid (M.00) become otmilar to (5.01) And in high tiinde  

= t7 and (0006) tnhoo tho fora of ($.00) pith o m 00  ' 

Ohalcer053 taa ouggootod that v dhould bo 

tat n no vector aum of CI and oV, no that 

m 0(V V0)(02* v2  M2 	.. (13007) 

Here al =prom:tato tho ion opood in fiold Earae 

ond Plorco
70 confirmed thio relation by =enurement° of 

current thrauCh a point in tho ct000phore, naintained at 

high potontial. 

RecenOly OhalmoroV? hao dorivod a theoretical 

relation tahin3 oome aoomptione which can bo fairly 

luotifio10 He above that for high wind opoodo tho poinb 

aochorgo through an loolatod point can bo repronontod 

cti '251C (V 	Vo) ti 	 00  ($0C3) 
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ahem C lo tho pert ttivity of free apace* Thia 

fnr-thor bo mtondod to 

woe 	p9 )1/2 	0. (5009) 

tho aobility of Iona. 

Thoroforoo  co coo that tho onnot =taro of 

dopondonco of point.d1ocharge currant on Mad and 

rand opood io otill not oloar and noodo forthor 

caporinontal and thooratical onplorotion. Homo, coo 

bnvo monouro4 point.dlooharao current from an lcolotod 

ostlflolal °harp point alon3 vith tho moaeuromont of 

mtontial arcdiant and cind opood. Tho roltLvo pooh.. 

lone of point°  asrimotor ena anon *tor have already 

boon aivon in Chaptor to 

pas monmanzora 

In alio  a moor@ of about dB houro vac anaiyco40  

=A an othor cacao too rojootod booauoo the= cm= 

not cultablo for annlyoice In thou oithor the variationo 

In point.dloolvargo currant, triad opood or potontlal 

(font uoro vary rapldo  or porno of tbon hca *ono out 

00 00Q100  feu the conoltivity wood at that tico0 

Cacao of noactIvo point.dlocharec curronto voro 

Coplratod gran Qv:too of poottivo point.dlochnrao cum:onto° 

cog =Rio Olvidod into dIfforont aroupa of viad.opooO 
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80 
ran3oo of 1 mio aidth and tho variation of point-dim:acme 

ourronto . both nogativo and pooltivo. alth potential 

avaiionto aa7 otudiod coparatoly for ouch arcap. Tho 

data aao aloo divIdo4 into difforont grows of potential 

=zoo of 2 MV width and tho variation of point-tilos:Mama 

carront althaind °peed woo otudiod for each croup 

coparatoly. 

Fig.101 ohova, for ono particular cam of 17 0 ROB to 

30D m/occ00 tho variation of pooitive and noaativo point. 

Olocharae currant° with potential gradient which ha° boon 

gourd to bo linoar. Dotted linos whoa the enlculatod valuos 

of point.diochargo curronte0  frog theoretically dorived 

lotion (sow of Chalcoro, The aciroement to fairly 

oatiofootow for ourronto of both plans. Positive ourronto 

cra largor than the nogative current° at clnotant potont. 

Rol gradient and wind (mood, a rocult oppocito to that 

obtainod by Manor and Chalcoro370 

215.20 ohoao, for ono particular cam of V 0 7000 

to 0000 MV0  tho variation of point.diochargo current° 

of both °ism with wind opood. Ctroloo ropr000nt the 

co3ative currant maw° whilo oroomo ohaa tho pooltiva 

gavvont valmoo* The currant firot incroaaoa c3ith 

mood but tbon bocomoo conotant. 

Smation 0.00 can be ropr000ntod by 

100(F.U) 	 .. (5010) 
le) 	/ 4 

irreat iteR4Ry ONMERSITY OF Roma 
ROORKEE 
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FIG.19_VARIATION OF NEGATIVE (A) AND POSITIVE (B) POINT-DISCHARGE 
CURRENT WITH POTENTIAL GRADIENT AT WIND SPEED .3 ma 
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FIG2O_VARIATION OF NEGATIVE (DOTS) AND POr..- ,T',E CROSSES, 
POINT-DISCHARGE CURRENT'',  WITH WIND SEED AT V 
:700 TO 	9. 00 KV. 
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FIG.21.VARIATION OF C WITH WIND SPEED. DOTS 
SHOW VALUES FOR NEGATIVE CURRENTS AND 
CROSSES FOR POSITIVE CURRENTS. 



Si 
riboro C 10 a conotanta Ca plottod tho volnoo of C 

oxinot U cnd tho variation lo ohoyn in figal. It 

10 notocorM67 that chile Eirrman and Chalcoro73  and 

and Cbalcoro37  haw) roportod thin variation to 

too linour, in our woo it tondo to bo conotent at 

bleb wind opodos At locor ulna opoodo, bowevor, tho 

variation of C with CT lo nearly linoor. 

Vo dotorminod tho voluoo of oonotanto 	an4 a 

Of relation (6,05) for low wind opoodo. To coapnro pith 

tho voluoo of Mirkmon and Chalmaros  co prior:ant thom 

bolt, both for nogotivo and positivo point.dicohargo 

ourrenta 

4 1Cr4 
 

154.2 )(F.330) 	11) 

20, 0  0.00 n 1e6  (c, ,o4)(P-nima) 

each ozo vaXid Qt loo vind.opoodo only** 

B•4 DI3CU331071 

bo onporimontol roculto ohau agroonont with tho 

OtIorotical .nlotion of Chalcoro79 Aloo thoy ohm cgroo. 

comt alth tho rolotion of Ultftman and Chalmora7 , at 

2a3 vivid opoodos Tho oboozvattono that point.dloohnrco 

Tarr-onto firot incrowo and than boom) contort at 

alnd opoodothao alp° boon indicatod proviouo17 b7 

:`' 

 

^'N._:11.00ro and r_spl000n74 in tho it onporiconto vith point° 

uttachod te) b3loonoto  Ci io i ropes, ont r. boo onanDlo o2 



aai loolatod point. 

Value of Vo  in our obcorvationo to 13•31n1084'' 

for nogativo current° and 3.98x103V for pooittvo 

emsrento* To conparo %litho  thin valuo vac found by 

RAVI= and Chalnoro to bo 8.0n103V and 7.4n14 3V 

for 27 m and 34 m high pointo respootivoly for nogativo 

curronto• Chapman found it to be 6 + 4 x 10V and Marjo 

and Plorcoo  7:1103V• The values are quito comparable 

cineldorina the variation of Vo  ylth hoight and ohapo 

of tho point. 

00avort ne the equation (5.11) in tormo of potox 

tial0  the clnotant comoo out to be 19,6=1e which to 

moror to the value 14n10
.0 

 of Chapman thcn to the valuoo 
.0 

4 10 an 	and 04111$4  of Chnimoro. 
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CHAP?rlt VI 

EXCESS PO MT-DISCHARGE C'RIMS MIR Ire 
RAPID P IBLINMFIAtIGIIS 

xtrr RODUCT IOU 

Co how studiod in tho previous chaptor tho. 

variation of nagnitudo of point.diccharge current with 

witontial gradiont and vAnd °rood. In all the clerk oo 

far done, it has been bollovod that for a givon height 

of tho point nbevo oartb, thoro +=iota a cortnin 

minimum critical potontial gradiont, holm/ vhieh no 

point dicchargo occuroo  Thuso to got point.diachergo 

currant the corresponding potential gradiont muot bo 

Mahar than tho critical. In tho prosont gat% tho mngn. 

gtados and diroctiona of tho point-discharge currant 

eVOM tho ioolatod sharp point during poriede of fast 

potontial gradiont chanaoa havo boon otndloa Mora 

Vazotonoya78), 	foot fiola.ahangoo co neon holm°  

tho chnngoo aseoclatod with lightning dicelargos, 

raring these fast changes of potential grailont, it bno 

boon oboorvod that tho point.discharce currant flavo 

won if the serroopeniing pQtontial gradiont is bold 

tbo criticn1 vnluo. Anothor oboorvation to that thi 

44roction ref tho point.dlochnrao current at timoo io 

tt3 oppooAto of tho pos;ontial grndiont, Mo oboory00 



91tono3ona 123vo boon alvon a thoorotical Artification. 

both qualitativo one quantltativo. 

no afoot of potential Arad font and aind 

opood on thin anomalme behaviour of point.liocharao 

currant, has alga boon found by nnolyoina tho data 

obtainod In thin laboratory,' 

0.2 OBSSEIVARIOUS 

Point.diodhnrao current io, under normal 

oircumotancoo, aocucod to dopond on at loaot trio 

poramotorot tho potontial aradiont and tho nInd epoodf 

T3 point.diacharge current First appoaro at a oriticol 

(throohold) potontial aradiont, V6 , and them. for ell 

otacnaoe of potontial aradiont, PCP > 120) and at conotent 

cried opoodo0  tho point.dlocharao current vorloo with 

it. Conventionally, poottivo potontiol arcdionto alvo 

vim to ploitivo point.dfochnrap currant) and vico. 

vorea• Hero and in tho folloainal  for tho °oho of 

convonienco, vo ohall cinaidor tho caoo of poottivo 

potontiol Mont, loos act ()hall tutu) tho (mirth to too 

=cativo, 7auo, novo aro too critical potontial arailionto, 

Vo  and V. 0  and the roe ton lgirra bot000n thoco too 

valuoo (0,  V6 > P > .V6) lo a oort of a 'fiord Gone' for 

point.dicellarao curront. 

Cau oboorvationo of point.diechar-80 curvont 

ens,ARI ols-a chant Oa 12 notontial aradionto aro indoo0 
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In conformity with tho above undoretanding. Far 

Rant chonlao of potontial gradfont, ouch as aro 

woocintod alth lightning diechargoe, the corroa. 

pending chamgoc in point.diechargo current are, 

hover, of different nature, A rocord of typical 

oboorvationo hao bean raproducod in fig.P2, ahem 

foot changing potantial gradiont, the asoociptad 

point.dlocharge currant and the yind apeed for 

the paw duration of tiro have been Shaun. The 

folloylng facto come to light: 

1 If the potential or-natant auddenly fella 

g23M an abovo.orltical veluo to one bolas ortt teal, 

then contrary to the oupootation that the pecoolatod 

point.dlochprgo current =cod at the criticol valuo, 

ao Coon CO tho potential gradiont ammo the critical-  

valuo lova there occuro a puloo of nogativo point. 

diochargo =vont, Thin nogativa tpoint.dipchargo guloo° 

oceuro for ovary 'afteraitecharga' potontAal gradient 

bolo ito pooltivo critical value. Oa000 of this toga. 

tivo point.diachargo puloo have boen obcorvad Yhen the 

Qagter.dlochargo. patontial gradiont le pooltive or 

mgativo or oven if it lo soro. So, the 'dead ..none' for 

point.dlocheirga currant which appears in alou potential 

grad font cbmgeo, vanloboo ham and, Inotead, rya got 

=cativo point.diochargo pulses, 

Pe  If the lightning Aincharge ravoroco the 

pooltivo gatcntici vaa!ont to cuoh an =tont that it 
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in conformity lolth tho above undorstandinao Per 

fent chance° of potontial orrnatontp ouch ao are 

acoeciated alth liahtning diacharaoop tho cern°. 

ponding chazzoo in point.dlocharae current aro, 

hocavor, of difforont nature. A rocord of typical 

oboorvationo hao boon reproduced in fia#220 ahoro 

foot chamin3 potontial aradiont°  tho aopociatod 

point.diodharao ourront and tho rind owed for 

tho oaco duration of t ico have boon ohaane The 

follovina facto como to liahts 

1 If the potential aradlont oulionly folio 

from an abovo.criticol veluo to one balm critical° 

then contrary to the ozpoctation that the aorociatod 

point.dlochargo current aaacod at the critiool value° 

00 000n co the potontial aradiont crop000 the critical. 

value lovol thorn occuro a puloo of noaativo point 

dlocharaa eurront. Thio noautivo °Ipoint.dtocherao puleo9  

ecauro for avery oaftor68tochnrae°  potential aradient 

boloa Ito pooitivo oritical voluo. Como of this no 

tivo point.dloobarao puloo have boon oboorvod ahon the 

.aftor.dlochnxaoi  potontiol Arad font io pooltivo or 

=cativo or oven if it to coin. 3o, the .decd.00nee for 

point.dlochmrae current ahich apponro in oleo potontial 

aradiorM chanaeo° vonlohoo hero and, inotoad0  as aot 

no3ativo point.dioobargo puloeo. 

Po If the lichtnina nincharae ravoreon the 

peoltive trAontinl azrAiont to cuch an entest that it 
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Gould by ttcolf otart tbe point diochargo (i•o. 

above it° negativo critical valuo), than tho 

corroopmain3 point.diachargo vulva has boon found 

to be ouch largor than =hilt it mould have boon, had, 

tho potontial gradient changod Ito direction away, 
0o, no etn oay that in ouch capon co got an 'meow 

point.dicchargo currontt. 

The phenomenon to true for both pooitivo 

and negative fiold.changoo. It should be montionoa 
horn that nhilo the potential gradient, ao veil 
Unmln, follo ouponentially from Ito 'aftorwalachargoe 

valuo, the point.diachargo curront on the ether bona 
bocoaes noro inmeatataly after giving a puloo 

3, Ono uoro intoroottng foaturo 3f thio 

ptenomonon lo, that if tho lichtnint; diodharcat  

inotead of alocreaoing tho potontial gvcdiont frog Ate 

abovo.critioal valuo, tncroaaoo it rapiay, then the 
eorroopondie.3 point.dicchargo pulco to of tho woo 

oclnitudo co it zonla have boon, had the potontial 

gvcdiont rof1Chod that after.liochargo valuo at a olom 
rota. It osno that the oanonalouoi bohnviour of thio 
point.dicchorgo ourront la aszociatoa only viith the 

uopia rovevrol lf the potontial gradient• 

naroovor, for tho excooa point dlochargo 
Tarrant t) appoar, It lo aloe noconoary thrlt point 
dkV_Iv=co nszld alroz17 be ocouzriniz at t?o pro. 
1.1t.s,d'h=co 1-ncntlal gr:Vont, If thorn lo no point. 
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alochorigo at pro.itocharao. potonttal gradtont, thorn 

tho onanitueo of point.dtochnrao curront at tho 

oaftork.diachorgos potontini gradlont ( providod it lo 
abovo critical valuo) to tho .oamo no mattor yhothor 

tho potontial arodfont incroaceo or dacrou000, or it 

champs rapidly or olooly. 

?ho above paints bill bo aeon illuotratod in 

8ij.22, Tho rapid potontial gradient ohangoo aro duo to 
lichtnina dt-characo, The potontial aradtanto at 15,P09 
15 32, 15.300  15.39 and MSG houro docroaao bolts tho 

=Mail potontla aradlont (262 8/ti) and romain noaativo, 

t la tho corroopending point.discharge pulooa azv 

pooltivo. Tto potontial gradiont at 15.44 h rovorooa 

grom noaativo to ponitivo. Tito valuo of point diocharao 

duo to thio gala°, though pooltivo, la aroator than it 

votild hnva boon bad thio positive potontial arndlont 

=rived at °lowly. Tho rapid chnngoo in potontiai gradlont 

at 16.12, 10,14 and 10.1? houro do not givo any +=cow 

point.dtacharao currant enco thoir dtractiln Incromoo 

tho pro-dlochnrao noaativo valuo. Tho tato rapid Changoo 

at 14.03 and 16.O hours ohould not bo confmoad for one= 

point.dlocharao currant, ohm tho potontlal.gradlont 
ooponoo at thew valuoo d000 not remain linoar vith tto 

u=d conoitIvity of tho atapliflor. Ono point.dlochcrco 
p=it nt 15.03 houro could not bo recordod duo to oomo 

ozmal.arrarklor.ont in tho recorder at that 



G03 TlitIORIWICAL DISCUSS1011 

Conolder tho cam of an earthed point in 

positivo potantial.gradiont and lot up otudy tho nochn-

nism of point diseharao through it. As tho fiold 

Increases sufficiently high, lonleation duo to coll. 

Aolon'tahos plow and mono iono aro producod round 

tho point, These Iona aro influencod by oloctrio fiold 

and wind mood* rot uo follow tho aopumption mado by 

Chnlmoro
7? via., thatvolume round tho point can 

bo divided into to regiono: (1) The flola.rogion, 

abort fiela is the proaomineting factor to govorn tho 

notion of ions, and (2) The aind.reaion, Coro tins 

ro7ovoo tho ion°. 4%t tho boundary of the tvo roaionoo 

tho forcoo on tho ion° duo to °laetrile fiold and tire. 

o7ood aro oqual. Inoido tho fiold.roaion, duo to Moo 

[dating olootrie fiold tho lona of oppoalto charge° 

vill oopornto and, thoroforo, tho fiold.ro7ion pill 

Got polarised Pooitivo ion° dill accumuln.to noar tho 

point vhilo negative ions near tho boundary. 

tot the pooltivo potantial surrounding to 

paint bo 4>V0  and tho critical potential to start tho 

1w/fit disenvgo bo Voi V > Vo. Ito V docroanoo, loniont. 

ion and canoonuently, point.dirchargo curront, dot:roma° 

at VoV00 it boewzos novo. 1111 the lono.round t 

point, aro ronovod by vind. Tbupo  point.dIrIanrco cumont 

(T;i3onro only at Potoltlao  abovo Vo. At lour potonttolo, 
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nomally e7a3U1n50  thoro aro no iono avoilnlo and 

thorofor° no currant, If*  hoc ovorp Bono could 

=Dalton bo r6o availablo at potentialo bolos tro 9  

the re could bo a oorrooponding point.discharco 

grant oleo at them potonttalo, Thin to chat actually 

happono in tho cam of rapid potential grailont chanaoo, 

Marina rapid docrosoo of V upto or bolov Vot  noro of 

the positivo lone*  around the point are ioquessod.ont* 

of the floldmoregion*  and sinco no thoro io no ooro 

on production*  no fioll region to finally left pith 

an =coop of nogotivo 'ono, At this stmo thoro onioto 

ovontuauly a tranoiont 'local potential gradient' ihich 

aci rovroo An diroction to the original atmoophorio 
::otontiol cm:at:mt. In tAo caco thin local potontirl 

op7diont cu 11 bo nogativo. Sineo, normally*  point 

dlodhargo ma= to occur at V=V-'00  ana in the procont 

Occo co got m,ogntivo point.dlochary curront bolso 
V00 co to the coonaption that thio local potential*  

dovolopod arcund tho point*  is aqua in oin3nitudo 

(tat rovorco in direct ion) to the potential at chich it 

°tart° to tnAll i.e. 	. Si= the potential gradiont 

of .loo vow rapidly*  and the local potential gradiont 

dovolopo icmodiatoly*  the nogativo lone of ;coo 21014- 

vo3ton*  4o not got oufficiont tico to 132170 aoay vith 

7Ind (co tboy do in olou potential gva4lont chanzeo) 

r-1 co a r'7 .1t tiny aErt attractod and cbconod by to 

plat twficll no ofgoot oE local potontial cua,G4ent0  
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uz,:%or than tho normal atmoophoric potontial grant tent. 

Thio givoo rico to a nogative point.diochargo current, 

Ate coon no the alroady procont concontrotton of nogativo 

ono is aboortbod or removed may iith winde  point- 

dlochorgo curront becomeo nem. That to why' yo got point» 

diochargo pulcost  and not continuous current. 

Thu°, rapid decrease of 40V producoo a local 

potontinl graktiont which, bolou Vel*Vo. make° tho 

diroction.  of the total potontial gradient nogative and 

Givoo rtoo to a negative point.diochorgo puloo. In 

other vordoo  us can say that the soro.lovol of potential 

gradient with roapect to the soro-levol of point.dischargo 

aarront, hoe sohiftodo by an amount Vo  in pooltivo diroct 

ion. Thio *chifting of poro.lovole shall 43 onpininod further 

In cation 7. 

To calculato the point.diccharao currant before 

and after a Xlchtninig diodhar3op conoidor ony pro.dlcobargo 

pOtentinl differonco +V, bottioon the point and the atnoc. 

pOre. According to ahalmoro77 	, point dlochargo 

marTont lc aivon by: 

I 0-8ne (V.V0) ci 	.. (8001) 

Coro U lc the ulna volocity, C the pormittivity of 

Ovoc,..opaco cE3 V0  tho niniaum vpluo of V for point 

ng00%argo tl occur. 	cupT)000 V roducoo to V' after 

(15cnnrgoo  ottdh that V* < V0  . Tho cochonion of point. 
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aioettargo carront, aftor diadhargo romainin3 tho oamo 

art boforo tha 41,7chnrao9  encopt that tho potential 

graAlont to difforont and ravorood, a° can a-104 

oq. (6.01) in this caoo aloo and arito down for point. 

diodhargo currant after diochargo, 

to a  . Pne ore . V0) C7 	.. (342) 

It ohaul4 bo notod hero that Vo  in tho trio 

ocinationo Imo boon introduced for tvo di.fforont ronoona0 

In oq. (6.01) Vo  how boon put to account for the minima 

valuo of V to start point diochnrgo. In the nftor. 

di. chnrao °tato, thoro to no ouch nood. Iona aro alroc47 

puocent thoro and het io noollo49  io only a proper potential 

Mont to attract thou. at vo how Not coon that 

v3pid chaalo in potential caupoo a *ohiftin2 of the GOr04. 

20VOlt  by Vo  In pooitivo dirootion. So the ofgoctivo voluo 

Og 17' ohall t0 (V° 	V6). 

Irvin (0.01) and (0.02) vo 000 that uhilo (V V0) 

io Gimpy° pooltivo (V ) V0)9  (V «» V0) dholl alvoya bo 

mocativo (V < Vo), oo that tho dirootiono of I and I° 

°hall olvoiya bo oppootto to onoh othor. 

PV03 (0.01) and (G 02)0  VD got: 

„ (0003) 

Callo :;0171tion Givoo coma intorootin3 ooculto 

o=lderinz 8Aggoroat voluoo for V'. Tatzi3 a taco of 

V vo./2uoisz3 Oran pooltivo to nogativo diroetion, vo co 



tho follouln3: 

10 At Vo = 4.V0 0  

2 A Vo ct 0 0 

3. At V' co .V0  0 

 

0 

9 
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4. At Vo = 

or I°  4 

Tho loot moo onplaino uhy co aot an =cow point. 

Olocharao ourront abon Ve  or00000 Vo  in tho rovorao 

dirootion• It aloo onplaino ahy thoro to no =coca point. 

dloobarao curont ahon V inoromoo inotond of dooroaoinaf. 

Tho ono= of ourront /5 io duo to tho oblgtina of ooro. 

Rovol of V and in tho enco of inoromin5 V0 thoro mum 

no ouch ohift 

On tho booto of tho abovo0 ionloation at tho DM= 

Gicoharao potontipl io 0000ntial to oupply ions ao coil co 

to produoo 1oral potontial aradiont• Thoroforoo if Mc, 

12,7,0.6lootorrzo potontial to 1)01077 Voo thoro choll bo no 

ono= polstoolloohnmo aunont cat tho afto46licoharco 



Dotontial o1o0 as indood is in our obsorvationo. 

C0 171)1770•J MR THE park-nracames mama! 
MD THE AYTUR.DISCURGE CURRM77 70 SE SAL 

It sill bo interost tng to find out such value° 

of V and VI oc that tbo point.dincharge currents at 

too two potonttals bo equal to oach othar* tot for 

am particular valuo of V, tho corresponding valuo of 

Ve bo 

Vs 0 X Vo 
 ** (6.04) 

oboro K to a c3nstant* 

PVC3 (005) 

(a.a)v,, 
r 0 , (coa) 
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oo if 7* 0 

(X . 1) Vo  

0 V 
	

V 0 CVo 00 (6*03) 

yMeh atvoo O roquirod condition* Sono of tho 201170tA3 

glaUcular woo°, vill I11uotr3to tho phomo2onons 



10 At Vo 0 Vo  

2. Aq Vo 00 

3. at V. = .V0  

00O VARIATIO3 OP UKC233 DOWT.DTSC341103 cumum 
171THPOTMITTAL ORADV711. &D tJTtTD OP= . 

Rocorde of a poriod of pore than coven pantile Dore 

raviovod and moro than PO °vont° mro found in which 

data could bo enalyood to comp= tho oboor7od valuoa 

with th000 ealculatod theoretically. Quito a many °vont° 

vim loft out bocauso of their ambleuity. Thor° tioro tha 

cacao in ahich oither tho event° occurrod co quicKy in 

ouccoaoion that thoy overlapped ouch other or that tho 

p=tpdlocharso or atorh.diocharco lufuluoo cont out of moll 

boin3 uood at tho tiro and two could not alvo dofinito 

Valuoo. Tho aolootod °vont° voro dividod coparntoly into 

Grow of nor...2ly oquol vina.opoodo and aftor.d1:-chlv3o 

90tontiolo Volp for each of th000 aroupo thooraticel voluoe 

02 aftor•diccharae point.discharao current CORI calculated 

from (0.02)0 

21a. M oho= tho variation V it Vo at conotrnt 
oini (voodoo It (Amid bo montionod hove that no conoidovi-

(Mon ciao calla of poeitivo and noastivo fiold.chanloo' 

coverately. Tho polarity of oftor.diodirlraa potontiel Vo0  

otctod in tto fiG00  do9leto only thethor it Liao =v0=0 
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I-1A -4--  T 

v' kv 

A FOR W . 5 m/s 

B FOR W 	m/s 

C FOR W 0 9 m/s 

o FOR W =4.5- 5.5 m/s 

X FOR W 1.8 - 2.8 m/s 

• FOR W = 0.9 m/s 

-10 

FIG.23_VARIATION OF WITH t/' FOR SMALL RANGES OF W. CONTINUOUS 
LINES REPRESENT THEORETICAL VALUES AND DIFFERENT 
POINTS REPRESENT OBSERVED VALUES.  

-3 

-2 
I 



w 	
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FIG 24_VARIATION OF I WITH W FOR SMALL RANGES OF V CONTINUOUS 
RE ,  kESENT TFIEORETICAL VAL,. FS AND DIFFERENT 

P(.I■,TC REPRESENT OBSERVED VALUES. 
A FOR 1/ /  + 2.5 KV 	o FOR Vir. +4 TO +1 KV 
B FOR V - 0.5 KV 	x FOR V = +1 TO-2 KV 
C FOR 	- 3.5 KV 	. FOR \it - 2 TO KV 
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Ata diroctlon or not. Sinco II alcayo °halm° direct. 

Ion, it to aL4yo =cativo. The agroomont batmen tho 

obcorved and calculntod valuoo for the moaaro otatiotion 

available, 10 not bad. 

In fig. (es) it gill be notod that, ahilo tho 

valuoo of V in plot' fiold.chan goo =ad convorgo at-V00  

in the pr000nt cam they are soon converging et 00  

tho point diochargo occurs oleo in betcoon 00  and V0. 

Thio Juottfioo tho 0ohifting of tho sera.107010, 

Pig. (i''.5) ohaao tho variation of T againot V 

at conotant Vs Tho agreemont botween the obaorved and, 

tho calculato° valuoo to good for higher valuoo of V. 

Per 10:7or valuoo of 110 the aarooment to good only at 

lwor wind opoodos at hiahor aind (mood° thorn io 

incroaoin3 dioaaroomont. Thio io, houover, not ourprio. 

Loa. VO !note that for valuoo of V* below Vo  point. 

alcaherap cmrront to lialtod by tho nunbor of ions, 

already availablo there and alnd.volocity itoolf lo no 

ionwproducilig aaont. So, the point.diocharao curroM 

aball vary oith V only upto a partioular value of ito 

Zo=ovor, at Maher valuoo of V* tho froob production 

Of Ionia can take place and give a linoar variation of 

20  upto for valuoo of V. Vbra prociao concluoiono 
oaa be dr=2 only aftor colloctina Dom data. 

003 COrICEBE3 

oboorvationo0  co oancluao Viet taro 



a3turo of venation of point.dincharge current-both 

in Ito megnitudo and diroction during foot fiold. 

changos lo different from that during oloo field. 

chews. All the feet field-changes, hovevero  do not 

bobavo difforontly. The experimintal observations and 

their undorotanding load us to a condition ohich must 

bo ootisflod by foot field-charges for the phonomenon 

of moos point-discharge currant to be oboorved. In 

torms of potontialo, this condition can be ototod apt 

V Vo ) V' 

irroopoctivo of the direction of flold-chargoo. 

Sono nosumptiono nado to ozplain the phonomonon 

ttooretically0  000m 3uotifiod by the agroomont obtainodo  

althinmongm otatiotios, bot000n the oboorvad and the 

oalculatod veluos. A larger statiatico of ovontot  of 

ocurcog  nill bo a pooltivo contribution to further 

Ootablioh tho dogroo of cohoronoo botueen the obsorvationo 

and theory. 
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Atmoophorio olootrio potontial grodionto9  

pointwdiochorca current° from an loolatod artificial 

sharp paint and ulna aped havo boon rocordod for no 

21111 your along ulth tho rocording of atm:v.410Mo 

tomporaturo and rolntivo * dity for four month° only. 

mho moult° cbtainodi  kayo boon dividod into to/ porta* 

Tho Mat part aoolo with tho ohort.0  and lona. 

timo variationo of potontiol vadiont on 1  tho offbot of 

ulna on thongs binrnal.9 coacono1.0  and annual. variationo 

of potontfol Gradient and Ito olootriool agitation hovo 

boon atudlodo rho offoot of ulna and tomporaturo on mob 

71ziotiono begs boon ouplatnod by arguinc that duot 

Lrartioloo carry nocativo chary ulth thorn upon Ahoy aro 

otrippod.off front tho oarth'o ourfneo by dud. noroovore 

tho nein oanoo of olootrionl agitation hop boon found to 

by froo.convootion in fair coathor and forood.00nvootion 

An alaturbod coathor in 'addition to chary° In olouao* 

Blootrical agitation boo boon found to knot linonrly 

000 1 alo reportod by Ohm  pith Ito olomontwonluo* 

An oboorvation of tho offoot of a oolarspoolipoo 

on potontiol cradiont hap also boon d000ribod in uhloh 

Emotivo pooltoo  during tho poriod of oolip000  havo boon 

dboorvodo 
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Atmoophorio olootrio potential Gradiontoll  

pointimdlochnrGo current° from an ioolatod artificial 

obarp point and viol °peed havo boon rocordod for *no 

gull your along pith tho racol its of ntneojhorio 

tomporaturo and rolativo huaidity for four nontha orag• 

Tho roauito obtainod, havo been dividod into tvl part°. 

'rho tarot part 2ocalo with tho oho 3= and lone. 

time variation° of potential grediont anl tho affect of 

rand on thino Diurnal.°  coaoon01.9  and annual- variation° 

of potontiol Gradient and ito olootrioel agitation ham 

boon otualodo  'ho offoot of wind land tonporaturo on ouch 

'n:dation° Leo boon ouplainod by armins that duot 

particloo wavy nogativo charge vlith thou nhon thoy are 

atrIppod.off from tbo oarthoo ourfnoo by vindo !1:oroovoro 

tbo onin ocuoo of olootrioal agitation hao boon found to 

bo froo.00nvootion in fair mathor and forood.00nvootion 

in diaturbod voathor in addition to charGoo in oloudo* 

Blootrical station hao boon found to varytnot linonrly 

ao roporto0 by othoro30001 nith its olomont4valuo• 

An oboorvotion of tho offoot of a oolar.00lipoo 

on potonticl Grailiont hap nloo boon d000ribod In ahloh 

noaotivo poahoo durinc tho poriod of oolip=o  havo boon 

oboorvad. 
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Dotontial Gmliont, point.diochargo currant and oind 

°stood durit13 oloa and rapid fiold.chancoo bovo boon 
_ 

daccumod. En caotrarEn31; thorTasalto how @oon 

vartiolly, found to bo in ocroocont crith th000 of 
77 ebnlmoro end Mir'anan and °halm=73 (at loro 

ofpodo), for both, of no of tha =mint* 

Duric3 rapid flold.chcngeo, caucod b  light. 

Mkt diecharcoo, houovor, our roculto diffar gran 

thoco of othoro, in that, %le diacovorod a nou phono-

conln of °ou0000 point.dinchargo current' during them 

rovild flold.ohangoo• 	hao boon omplainod on tho 

boolo of dovolopmont of a 'local potontial gradients 

round the point. rho oboorvod and theoretically calo. 

ti1nto4 volt= haw boon found to bo in ccrocmont. 
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