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flt.e thesia whi~h followa ts divided into two .eettion.e, 

ea.~11 of which. deals ·wi'bh & separ~te. problem. 

'i'Ae tirot ~ettioU t,.1 eonetrned w1 t~ an accoutlt of th$. 

coJtttro.ction. ot .a Oath~de Ray OseillQsta,h Dlreftion. Fin4er 

• o~ the lines • 4.evelopec.t. by. the Bad.lo Res~a;reh ~tatio-. at 

Sloqh, and its appiioa.t10n at oapetou to ~• detemina.tton 

ot the <lim-♦u·tion of ari-ival ¢f ~tmoaph:c,~1ea -over a »•r11s<l 
' .. 

toward• the· end of i9:S&, '.fhe results 9:t th.ii :t11Vestigation 

show th•t ·st% ot tll.t thunteretoNS re»o:rtH b1 ti+e mettOfO• . 

logtcal .i-&poJ:<t rietwof'k •re eoi-ree$1y .l~oatEt4 in b<J&l1:ng. 
' . . • . . 

while ,53,t of the beati.ttgs ,~co~ted bf. the inst:ument. a1 

coming t~om re:gtonu ,eoverea. by the »1$teorologl-0"1 ne ,-..,.-Jc 

:weie 4ettnately asioC1ate4 .-itli. th.Unr,\eratonns~· ·:seain,g$ -were 

o'btaitJtd ti-ol!l sotU!'t&t ofe~ the Atlautto and .Indian oo:eana, , • 

and lhe11!' eo,u:cea e-• 'to be related to ocie,an dejr,ssio_,h • 

It ts »ot-teci out thltt the 1uvestt~t1on wa.\l ot a pitl:.lm~ 

in•q nature, a1,1d that, .itt • tlle nee;r tv.tu.~t, 1 t ia p~po,e4 

to carl'J the 1rw-esttgat1<ln ·f\.trther bt the (i)'sts.bl1$.hmOn.t ot 
. . . 

two e,,te.tto~s. e.t whith t:rciui \learinga on $\leh eourco, will 

b& obtdned. 

The seeona tutcti,on i.b c<1ncerri~d .with the aPJ?lloatt4'n 

.of the Ga.thod.e Bar Oect11og:eaph to the in:reatigatt,()r.,. Qt' '!;Ile_ 

cfhangee in tht e1eetrie&J. tteld wl:llch <>cotA.r • a.•n. the rit18b.bO'U'~-

• hood of' a lightning flash,·. an4 the eo,ri'elatiotl of the oeot~l.­

ograph reocutd.e of •u~. changes 1'i tll Bo,:$• ,aera. ph.o tosnPh• 

et a .a&a.t! ligllt~q tl..ash, .•.. 
. ' 

An acoOl.lht is first gtve:n of tht worlc of .previous il'Neti-
- ~ . ' . 

' ' 

tigatora. iu th1a tleid. and it t:e ehowti. tha.t th~ pr<>blemJ 
. . 

aesf)cie.ted ·nth a thoderetot'm i-esoli-• tltemeel:vea tnto tllree 

ciassee,l wh,ieh. deal. wt th {a). the genera.tt,Q.n ot the •Ol:oud 

·charge (b) the mechanism of a. llgn.tn1ng tl,ash (o) the 



1me■tip.tion ot the field change• due te the tlaah at a 

d1atance from the aouree. The aetho4• emplo7e4 and th• re­

sult■ obtained. bJ' preTioua irrreatipter• Ut d1ecu■ae4, 

particularly the aethoda in whioh uae hu lteen JBade of the 

Cathode Ray OaeillegnQ>h, and the re■ul-• of the analyai• 

of the Boya• ••era :photoaft..Ph• b7 Sehonlan4, Jlalan and. 

Collen■• 

The pre■ent imeatiption had a twe-feld object. In 

the fint place it waa intended to obtain oacillograph reo• 

or4e ot the field ch.an&•• due to a lightning tlaeh in the 

proxbd ty of the tlaeh. t• oarry out an analys1a et th••• 

records, and to compare and correlate the reaul ta with tho ■e 

fro• the all&lyai■ of the Beya' oaae:ra potograph■• In the 

aecond place 1 t waa hepe4 te ebtaln a clireot correlation of 

the t'IQ ty:pe■ ot re4t0r4 by obt&iniq a Boy■' oa11.e:r:a recer4 

and an eacillegraph reao:r:4 troa the•-• fiuh. 

The oecillograph unit waa con■ tl'Ucted along lines aua­

geate4 by the etatt of the Badio Research Station, Slough, 

aad waa atmilar to that eaployed a:, Appleton, Watson Watt 

and Herd tor the delineation of the wa.Te fem ot atmospheric• 

w1 th certain nodi:!1oat1ona. The whole outt1 t wae mounted in 

a moter lorry, and the tield work waa carried out during the 
. . 

sUJJmler thunder■tom ■euon of 1936-1936 at the Witwaterarand. 

Detail• are giTen of the api,aratu■ and lqou.t, and alao of 

the methed■ eapleyed in the fiud when the unit wu in 

operation. 

SUD.ARY OF RESULTS O.i IllV:ISTig,&.TIOB. 

Ia the preaent 1ln'·e■ t1p.tion the main cone14eration llaa 

been g1Ten to the reoorda from ground fluhea, ainoe the 

Boye• euera reeord.a deal aainly w1 th the••• The photograph■ 

haTe ahown that a ground tluh is compoa1 te, conaiating of 

one or more separate atroke■, eeparated by Tar1ab1e ti•• 



. . .. 
of tbe J.etMlei' plfflctfes:, The· raau1ts of -the measurements o~: 

the. tl"'equ;en1•1 Qf the. 1ea'1et ripple tou-tt<i o• lli·e reoord~ a~e 

ie.bUlated• Q'Jld the$e ·mtasuirements· a:re sht>,m .. ~o be in ;ati·s• 
,.. . • . . . ' ' . ~ ' • ' 

taeto~ ~e•ont -with the ti.Jle inttu:val.s &$soo1a.t&d. with 

the- lea.d-.r ;t,1,ept,. 

~~ mapi tu4tts of the td.eld. th$,tig~• to . be eapected. tr~1:l' 

a llgbtntris tlaah are oonst4~te4 ~oreti.cai.17,. _ and. tae bear­

tag ot artt tortuo1ity tn the l•a.d:er ~~1 o.n the toa of 

the oatillogra.:Ph !'ecot4 discussed.. It !lG ehr.twn til.a._t e. r~e• · , 

v-ersal 41~ tat1c:e snou.1d. eds t, wt thin trllli·th it .illq_ bt ~•o:t~4 

that the otu!'il..logral)b •lll reaitier a reverae4_ field Qha.Qge •. 

fte ma.flat tud.es .ot th$ 4l$P-~a-oemen\G on ~a osoillos.raph 

t:r•ce a1s.oe,.iatttd wt~ ta.ch oC the thrt11e ·eta1tes· ot ·a lightJting 

str•ke ~e ab.ow. to lle <1f1$1'BJ/ned. \>y ihe ~tudt ot tbe: 

~haarge t111volved 111 ea•b p;rooE!lss.. It is there:toi-1 »aseiblt,· . ~ . . 
t:rom the m,easU.t'•(;nt ot thesf) .d.tiplae•eitien;$ on the ar-eeo1:d.&t 

to obtab1 ~ea,l..tlts ittd1oati111 tbe relatio.n•htp exltstina betwe"t)n 

these ehatgi.$, trh& •onttluetl.tn11t drawn f:to;m these· i-es•ita are 

that the tii-st stage ••• leaaer pr-0ee_e& 111 a tt•irc rstnke 

.reraulte ill the 1twer1ag ot tbt .pea.tel! p,o-~tion {a.1:tou:t 70%) 
~ ' -~ . . . 

of the ·Cloud- oarg• inv&1velt in t.hl eomplete atroke. ad._ ita 

•<U.et~tlM-tion aions the 1ea4ett •h.~el.. M4 'b~~lhei in a1uu1 . . . . 

. a -..eti· the.~. tll.e eftel'ltty, liet •. t. :ot th.le obax.-ge is rtHhiced 
' • . • t . . . ~ . • . • . ' 

to ai;p:i-0Jt1•te11 ou,•half it• torm.er Tal:tte. In the caee ot . . 

a. .suhsequ~nt stroke e. aa1,er p;-o.pottttotl of the: tot~ ~arrge 

il'lY·ol'fed 1~ \he stroke .l's i••e11e4: br tlae 1:fad.er p"otu1a.-

Bee.ul tt .eo ta~ •~1se¢ .ha:te been dtJr!Tel tram eousi4<1!1 

awat1ons of ~e --.. oi- ,n.o.naal i~e of o•c111osral)h reccurd 

appearing on the ftl.tn:h .M mentioned Jrevto~s.b--. reoox-de of 

tiil'$"t etr.()-ket ha.Yo beell classified tn vu.itiolls· gvtJu.pt .• ad 
. . ' . . 

con-s44erat1o.n is given eei-tain tn>e·s (If a''eec;Jl'd wh:loh 41ffer 

fllom th& ru,rmaJ., It ie showtt the.t thes:e ·lb$7· be dv.e,. ta car.-~ 

·t:aeies.,. t<> tlaslles in whioh the ti-rst •troJt~ 1'l.a8- a 1ta4e2." Yttl• 

·oct t7 at a certain eta,e 1.11 its Aevelt.»ment veq mch b♦low 



. . . 

tll.e •vera.ge,. and' tn c*b.&.r eaees to • tn.e ~o,aibl.e e~istenoe <-t 

• &.ii" 0.i.sthuges. 

The rela:tionsnit.p which should ad.et b-et:we$?l ~he ~•~~anoe 

ot the flash t°l"Olll the :('jff¢i1lpgrapb utd.t ~d the ~ttU.'$. ~4 

• maanitute of the resuJ. tant o seillo[ifaph re«,Ol'd d:1ie. to t.!t• . , 

Ile.sh is dieCUS$ed,. ,In ·the :pt'Gs•nt lnvestlaattoa eJJt~:t.t.oru, 

~f. \be 4iatf.Ul0es involved were znade 'b,)" the obs~r:v-er ,d:a:,4ns 

the oourse et tile tt-&ld work,. \lu;. v,ere •w:ral.l,- only aippftx.., 
' . • . . . ~ • ' 

itaa.tt. The tas.ulta ot lU:&&$U.li'$Dletlts'trom the r~co:rde; and. 

their' :rela..tioIJship to tbe ~e9orted tiet•nces ot the vartov.·e 

t1a$hea~ a~e tawla.ttd; and .t t 1$ ~hr>• that 'tib.1t ~e!N.lte rAp;peu,.r 

to indicate abnolii'l'lally low.vai~es tot: tate tteld ohaniee aregif• 

tere4 by the Qr.;¢:fllo$falib. fc,r tlaehes niJate the unit,. 

A discu$s!ou tollows of the a:adiatit)tt assoeia.ted wt th 

tub.$tg_ttent stroke~ !n a tlaeh·. It is· eho\tti, thai thlll t-eooi-4s 

exbl bit 1nd.ieart,¢ns ot changes oetrarring in th~ ~oud. l•et:ta .. 

·t-el.r . atte~ • a s trtt~e has octrtl:e:redp a.t!d tbe .poesi ble_ tla.tu.1:-t o·t 

theee ~hainge$ ls difJtttiaffi~d. It is s11.own that there ia a »Jt•• 

s»es:Uvely inereaains time inten-al t<:rr th$s.e ehangee fmt,a 

stic1.·e to stroke .. 

Oei-\~a other s1:rpt=ictt ff the results obtal~ed. ~o,Ja th:t 

et:ami~a.tiott of the ()tc!llog:rf.l;ph. records .are brte:nf. 4~9tw,set<l. 

It ie e-hown that the fillns ~ibi t posei tJ1e e-v!ctenee ot 4ono~ 
, ' . . ,, . . . . . ~ .. .. . 

,.»h~l(tte ref'lecti.ci,,,. Itt addt\toa tht gene,tai $tu.re ot tllt 

oaoil.logra.ph x-eco,ae trom dittant flashes and f!'()m ~lou.4 tJ...asb.e11. 
,. ' .. . ~ 

aa:e btd:ltated., al.tho\\gh it i'J ;pof.11.ted out that th•s~ lit out.• 

side th~ seope ot the :prei.:J.ent inv-es'.ttga.ttqn .•. 

ln .foaolusioa sQl'!e a,(:cout1.t .is gtven ot :a Un<:t c<nrre1-.t,ta. 

between the ostd.llt1graph g;etmr4. and tbe Bo:,sf camEi~a }lho~gt.ta.Jh 

of the eaae t.laslt. 



INTRODuc;IoN. 

'rhe author has been, tor a number of years,a member 

of the staff of the department of Physics of the Natal 

University College, and is stationed at Howard College, 

DUrban, He obtained the degree of M,Sc, in Physics at 

the University of Capetown in 1926, and at that time 

became associated for the first time with the Direot9r, 

Dr. B. F. J. Schonland, under Whom the work, the subJect 

of this thesis, has been undertaken. subsequently the 

association was renewed, when the author was appQinted a 

member of the Lightning Investigation Committee of the 

s. A. Institute of Electrical Engineers, of which Committee 

the Director is chairman. 

As a member of this Committee the author had 

·constructed, in the workshops of Howard College, a Boys• 

camera, of the same pattern as those use.tby t.he other 

members of the committee, and had attempted to «!ollaborate 

with them in the Boys• camera photographic work. Being 

anxious to pursue this type of work further, he made 

arrangements to obtain leave of absence from his college 

duties to devote his whole time to this work for a definite 

period, and, at t.he commencement of 1935, was enrolled as 

a Ph.D. student at the University of Capetown. 

At the time he entered the Physics Department at 

Capetown Dr. Schonland had just returned from an extended 

visit to l!i'Urope and t.he united States of America. During 

that visit he had had an opportwi~ty.of meeting and 

consulting most of the foremost workers in the field of 

Atmospheric Electricity. In particular he had spent a 



certain period with those at, and associated with, the 

Hadio Research station at Slough. As a consequence of 

th.is visit, Dr. Schonland suggested that a fruitful line 

of investigation would be to employ the Cathode Hay 

Oscillograph in an examination of the nature of the 

changes occurring in the electrical field at any point, 

due to a light.ning discharge, and, if it were possible, 

to correlate these changes with the photographic records 

of such discharges obtained by using the Boys' camera. 

The investigation, as suggested, if carried out 
promised 

successful.~ ;to fulfil a twofold object~ In the first 

place it would be both interesting and fruitful in itself, 

affording a p:tomise of information which would both confirm 

and amplify the information already obtained from the Boys• 

camera work on the nature of a lightning discharge. In the 

second place it would provide a training in technique which, 

in the future, could be applied to a number of other problems. 

AS a consequence of this investigation it was hoped that the 

author, on his return to Durban, would be trained and fitted 

to carry out fu.rther investigations in this and allied 

problems. This was illlportant, as it was realised that, for 

many problems associated with the nature of atmospherics, 

the collaboration of two or more investigators working at 

different points was essential. 

m"LIMIBRY PERIOD 

A preliminary period was spent in acquiring the 

necessary technique in the use of the oscillograph itself. 

Using as a guide the publication °The Cathode Hay Oscillograpl 

in Radio Research~ by Watson Uatt, Herd and Bainbridge Bell, 

time was spent in constructing various types of time-base, 

and applying them to the oscillograph, on systems of time-base 

locking, and allied experiments with the instrument. 



As~ f':irst application, it was decided t.o apply, in 

• South Africa, the met,nods tieveloped by Wat;son Watt and his 

oo ... workex-s at • tbtf. Radio Researcb. Station at· Slough for the 

·determination· of tne ·direcrtion of sources of Atmospherics, 
;. . . . • Directibn 

using the Cat;node R~y Oscill.o~aph Finder. • '.This was 

intended to b~ merely a prel.im:lnary investtgat.1<>.n of' the 

tnethod, b:1t tt was hopa(i that it would eex-ve a twofold 

• purpose.· In the fil'st place., entailing ai it did the 

construction. ···an.a. t;tse ~£ various ~tages Of' ataplifieation 
. . ~ , 

and tne ina.tchi~ of these stages.both tor gain and phase,. 
.. . . 

it woul,.d provtd.• very use.fUl expe~ia:i(;1e itt thi$ di:rectionjj 

• fu:rther1 ··it W()\1.ld enable e11tperirnental wo~k . to be carr~ed 

ou.t in CapetQ~, wh&re·the·a1.most, total. absence of thunder 

storms within audible: er photographic diertance madl the 

• main problem . ot ~'\fes'tlgatiC?n ~st. tmpessibl.e.. .In· the 
' ' . ~ ' ' ' ' ' 

secQnd place it wash.oped that a prelitunax-y investigation 

• at this nature. WO\lld ;fJ.ldicate · 1;'.lle advii.Sabillty, or .oth(iNise, . 

. . of carrying ou:t. a tulle~. investigation at. a. later date. 

' should this prelim!~ work prov«a SU,CdilSsfult :Lt waa 

intended., at a .later date, to establish two- stations at 

different points,· which WQ\lld tllen r;,ollabG~a:te, and, by 

t,uingcross•bearin.ga on some particular source, locate its 

e>ta:ct position. 

''fll.e nec~ssaey ae;-ial co116', amplifiers and. oscillator 

• 'Were cons~oted at the ·vn:1vei:-sity of Capetown d:uring the 

• early port1on at the. year, and the appara:1:t1a wat; e~ibit,ed 

. and demo~stra.ted at t.he . .A.®ual Meet;ing of thta s.A,.As$ot.d.at-1on 

tor 'the Advancehient of Science held at Pa,wl, .cape Pro"lince 

du.ring July, l,936, .A·descrip~ion ot the apparatus was· 

gtven 111 t.b:e t"Qflft of a pape:r read before. Sect;ion A of the 

Associa:ti 011-. 

( APPmftllX A ') 

Subsequently, the Ui:teotion Finder apparatus was a$S$1libled 



! 

• in a :room on the top floor of t.he Phy.sics blook at the 

univer.si ty ot cape town, and, during September and October 

1935, a series ·of dete.rrninations was ma.de ,vi th 1 t of the 

bearings trom Capetown of th~ ch1~t.sources of atmospherics, 

Readings were taken on ditter~nt days, and at dif't'erent 

periods ot th~ day, Md 1;.be results were plot.ted, and 
" ' . ; \ ' " 

subsequently OQI't'e'lat~d with the positions of reported 

thunde~atorrns. These .latte~ were obtained·trom the 

meteorological maps for ~e correspQnding pe~iod.of the 
-: ' ' . ' • ' ., ' ' 

investigatio~,, whi<:b. were kindly $Uppl1ed 'by the Chief 

.:,Meteorolog:ie1:i$, ot the U~ion of South Afri4a and of Southern 
' ' ' 

Rhodes~a. A paper, enibodytng tile results of this preliminarY 

investigation., was rea.d 'Qefore. the liOfal Society ot South 

Africa in O<rtober, 1936 • 

{AP~ENDI:X B). 

It is_}r:ieoessary to emphasize the prelimina:ry nature ot 

th:ta·:tnvestigation and report, It te full.,y realised that 

·man, aspect$ ot • the problem ·might, with profit, have received 
• , ,-, '\ . - . 

fuller ·ana more Ca\'efUl consideration. It .must be re14embered 
'· ' , ! 

however, that a limited period of time was a:vaj.lable1 and 
. ,, ... ' . 
~ details were e~the:r •. neglected or dealt w1 th in as s:unple 

. , 

and short a manner aB possible. This eXpla~~ why no attemptt 
" . ' \ • 

was niade t.o tnstal fac:tltt,le.s to d&tex,ninetlle Bense -of the 

di:ree~ion ot arrtval of the signals. ~~rther it 1$ realized 

that the. ,method AAOPt.$d. tot- the determinatto-p. of t.he input 

:field stTe:ng't,11 coul,d be gr-ea:tly :IJnproved. Had this be~n 
' . 

intended as a .eom.plEate tnvest1gation., tp.ese $:ld certain 

othex- aspects would ha.v~ received fuller, Qonsidera:\ion, 

However, with the approach of tb.til thunderstol'l!l sea.eon in 
. . . 

• the Transvaal, where it was intended to earrYout the field 

work in the investigation of the field changes in the 

neighbourhood ot a lightning s~oke, it. was.esseatial to 
' , ' ,, ' , ., ' 

curtail the WOJ."k .with the Direct.ion l«"inder, and t.o concentrate 

on t.he con$truction.ana. test.iQg ot the apparatus nee&$$a?7 

fqr this second undertaking. 



. The results ,ot the investigation wi.th the Cathod'1 Ray 

oscillograph Direction Finder cle~l.y indicate 'tbat the 

rnetho4 had sueoet1ded .in locat:tng, with.a satia.tactory degpee 

• of aeouracf, the beartngs of thunde;rs tonns as so~qes of 

attnQspheries :f.n. southeJ'n Afr.i.ea. Moreover, the method se$111ed 

t,Q p~o,nde a mean~ for locating the positions ef sour~es 

existing in loca.Ut5.es ina.ccessf.ble to the Observers attach.ed 

to the JJieteo~ologieal Departlllents,. In part.4,cul.e.r-t t ts 

appl.tcation to the deteo·tton an.d loca.tl<>n of' sout"<:es ove:t' 

the oee~s bounding the sub ... ~ontment,. appeare4 io •k 1 t as 

an inlpor-tant a.d.Junct to the pre.sent metllods einploJt'#d. in 

ob~tnil,ig me\eorologf.cal data for. weather foreea.sting,. 

F@tb.er, the rapidity of !.ta working, and. the e.liali.natton 

of de).ay tn obtaining intorma:tton by it.a use, ind.1cate(l 

its value in the field of av1atio~ • 

. As a result of this preliminary wc,rk with the n::tre:cti.o:n 

Finder, 1t is intendedt in the near future, to establish 

two stations in south Africa., the one ln Du.rbq.., the other 

in J9hannesburg, at which CathQde. Ray, OEicillograph. 

Dtre<tt.:ton Finders w11i be et-acted,. 'lhe statien a:t, Du.rban 

will 'be erected at Howa.rd Collel.J~• a'nd t.h.a;t at. Jol>.ann.e$bU1"g 

at the Berna.rd P;i-$.ce· tnsti tute of Ge(J:physi<Uh • cert.td.n of 

t,11~ necessary pieces of apparatus · tor ·ttu1 purpo.se b.ave 

air~a.dy be&n constwct~d, anti at these stations it :i.s 

intended -eo employ such improvements as Adcock aerials, 

set_1$e-d.trecti.on tinders and phot.ographi(!,recoroing ot 

r-esu.l.ts.. , .. rom .these two stations it. will be poss1ble, 

by $ynehron1sation of the readings, tG obta1n·croa$ 

bear.1nga 9n ~ pa:rttculalt" so~ce., and 'thus determine 

its exact location.. ,Vhen established and fUllY eq'l.1$pp~d, 

these two stations should make i~ posa1ble to carry out 

a t\lll ln\1eatigation of the whole problem of the 

possib$.litiea and lirn.i:tations of the cathode Ray • 



Oscillograph Direction Finder, Moreover, theae 

stations will also provide a means for investigating 

the nature of the field changes at a point due to a 

distant lightning flash, and its attendant. problems. 

lf the position of the source be located with a 

certain degree of accuracy by the Direction Finder, 

the nature of the field changes can be correlated 

with the distance away of the flash, and an:y factors 

depending on this distance investigated. 



·O•Amnon:r.,. t'l>A.'V OSCl:LLOGRAPH Ili 4lHE THE USE OF TliE . "'n: WI LlAL 

INVESTIGATION OF THE m,.ECTlUCJAL FIELD IN fiIE 

NEIGHBOURHOOD OF A LIGRffIBG FLASH • 

. DVIEW. OF P.BEVIOJJS .. WORK. 

:Beto re dealing with th~ methods employed a.nd the 

resul te obtained. in the investigations tor.ming the subJ eot 

ot this seotion of the theeia, it i.s a.d:-risable briefly to 

review ·the meth()da a11d J'esul ts of prEt1'1tus workeJts in 

this field. 

The first i.mpo~t@t step tQwarcie the solution of the 

proltletn ot the nature_ et lightning -wae ma4e abo111t the 

middle of the 18th centul'y. Thi•· waa the establishment 

of tht oloae rela.tionahip which exists between a ligh'tning 

tlaah and a spark discharge. It was Be~am1n Franklin who 

• first conceived the idea of a t'liShtning rot", an<i, in the 

hands of Da.l1bard, the first electr.1eal sparks were obtained 

from such a rod in l ?02. Later,, with his well known k.ite 

e.JtperlJnent. Fl."anklin wat:t able·to esta.bliall ct>nclu.sively the 

electrical ttature of lightning. It is intereeti.ng to note 

in passing that Franklin, as the result ot a nwnber ot 

expei-1Jnents, stated ~that the clouds ot thunder-gust are 

most CoJDmonly in a. negative state ot ele~tricity. but 

sometimes 1n a positive state"• a.ntttt tor the moet part, in 

thunderst:rokes, it is the eatth that strikes into the 

clouds, and not the cloud.1 that strike into the earth ... 



From that time the whole subJeot of atmospheric 

electricity hae attracted a number of different 

investigators, under whoae labours the sum total of our 

knowledge of the subJ eot has gradually advanced. It is 

unnecessary to trace in detail all this work. As may be 

expected, it has developed along ditterent lines, 

investigations being carried out which deal with different 

aspects of the eubJeot. They may in general be divided 

into three classes, ae far as the lightning flash is 

concerned, although, as may be expected, they are not 

independent of each other. 

One class deals with the explanation ot the mecban181D 

of the generation of the electrical charge in the cloud. 

The second deals with the mechanism of the lightning flash 

itself, the process in which occurs the rapid discharge or 

dissipation of the charge on the cloud. The third class 

deals with the changes which occur in the electrical field 

at points awq from the cloud due both to the acoumu.lation 

of charge on the cloud and to 1te discharge by the lightning 

flash. Al though the present thesis in concerned with the 

last of these aapecta, it is necessary to include in this 

review the other two. since one cannot be divorced from the 

others. 

THE GENERATION OF THE CHARGE ON A THUNDERCWUD. 

Kore than one theory haa been advanced to explain the 

generation of a charge on a thundercloud. Bearing in mind 

the necessity for some source of energy to exist in order 

to generate these charges, it may be noted that all the 

theoriee agree 1n ascribing this source to the Kinetic 

energy possessed by the air and other particles within and 

composing the cloud. It ia in the explanation of the 

manner in which the movement of these particles brings about 



the ·cha.rget nature ot the thundercloud. that the various 

theories differ. 

TWo 1'acts abot1t the atmosphere; even in fi,ne ~•~.fher. 

a.re well known. In the first place there t,X~st oharged 
. • . ', •, ,, 

( ·' ' •• < ' • 

particlee. 01" tone, both positive and negative,. of v.ar.,i.ng 
• ' • , ,, > ' ' 

1d1e ·and :mo bill ty. • • These may be tree electron$, ~r a sa• 
• • , If r 

molecule from' Which 'an electron has been eJ ectedi or a d.u.,.t 
.. ~. .' . ' ,1 . • '. . • • - :: • : , • :: • ' ✓ •:; 1; 

or water particle .to which one ot theae hJ:t.s be.e.~me ~tiaohed. 
'" . . 1 ' ••• ' 

In th~· seeond pla.o• thert exi·sts a vertical potential .. 
·, 

gradient in the a.tmo&;phete above the ea.Ith, suoh. t~t the 
' ' 

i,.-\,". . ·' .i ; • 't 

earth is .nf3ge.tlv$ with respect to the atmospher• a.bov~. 

The particles compQsing a cloud •art consider~bl7: in 
;. . ' '. . " ~ . . ' ' -- ; _, 

ma.pl tud.e, from the free electron to the largest drop or 

hails tone. Within the cloud • there i a in . general a 

moveD1ent of pa.rtiolea in· oppoiJi te direction•, the .13m$l.l.er. 
' ' 

mcv!°ng ·upwards to the top of the cloud• and. th~ la._tg~J.!i dfQps 

falling. undt,r the 3ra.Yt'tat1ona.l fo~oe wt th ditf'ere~t ·. 

velocl ties depending «iJtl th~i:r it!agni tudes. I\ ta agreed. that 
. . . . . 

these partitJtea ·acquire Charges• and th.e1r D)fT~ents .in 
. ~ ~ ' . . ' ,. '. . 

' ' ' . ' ~ ' 

opposite di"reutionecause a separation of -ehargea of oppos1 te , 
' • ' ' ' ~ ~ ; '• • ·.~ ' ' . 

sign; • so' that the cl.oud acqu.tr~B tht charges. of. oppqei te 
l •• , • :, - •'. 

a:tsn on the· top and at the bottom_. giving to it a dipole 
• . '. ': ' .. ' . .. ·., . 

nature. 

Various 'processes lnaf be responsible fo.r the. o~ars.e4 
' ' • • I ' •• 

l <, • '< ,· 

condition of ~e mo1'ins particles. A$ •s. been •entioned, 

previously,· there .is always .in e~.stence Lope of_ varying 

mob111 ties·. These ions· ma.y act eis neuele! £or the . 

condensation of va1niu·r to form drops, wh1eh •~ul4 then oe 
.. . 

charged. Again there may· occur the selective capture ot 
. ' .·<' " :• ; 't ' ··, i • :, '· • • 

.such ions by drop.a ·a.tte·r ·their formation. .~t"ther. 1.t .ha..s 

been shown experimentally that wa.te:to drops, e>n collision, 
. • . ' ·.: . 

' ' 

tend to become posi ti•ely charged• and consequently :tgj;y:e.;itoo 
. 

the atmpsIJhere around them a corresponding negat~ve charge, 



'Ihe particles, wlia.tever their nature, composing the clou~, 

have thus different ways in which they tna:, acquire charges. 

Two important theories have been advanced to explatn 

• the separation of the charg$8 of oppoei te signs to the 

different patts of the thunderstorm cloud, giving to it 1 ts 

dipole nature. · The one theory is due to o. o.,Simpson. the 

other t·o c.r.R.Wilaon. >Theile• theories both explain .the 
! ,!. ' • 

separation of the ollarg~s· of op~osi te sign, but the 

mecha.nis1i in .the two .theories is entirely di.ff$rent, and. in, 

tr:er-ba.iri ilbportant l:fi.sp~cte • tiie;r lead to :opposite conclusions, 

The explanation advanced bj' Simpson is that. in the 

cloud, the win4 enters· the 010114 trom, belQw; and. passes 
' ' • . ' ' • , ' ~ -,; . ' 

• up•ara into • 'th·e cloud, with dect'ea.s:tng veloci tg. Ott the 

other' hand ra.ln drops .tall,· growtng in s:tze as tlley fall, 
; . . ' • ' 

trom the upper port'ioris tf the· cloud. He found tba.t, in an 

a.sc;ending etreatn ot air, there ts a. cri tica.l ,veJ.oc1 ty ( 8 

metres / second} through ·which. d.rops cannot fall. Hence 

. when the drop's reach th& point in the cloud where the wind 

veltcity a.nd. turwlence is such that they cannot pass 

th.trough 'tha.t region,. tbey become ~netable eind break up, the 

ainaller drops· being positi"f'ely charged. s.nd the .rising air· 
, < ' < ' -

acquiring a cor.:respondtns· neptl'Ve charge. • ln this way the 

lower portion o~. the ,cloud &egui,.res a po.si,ive charge, and 

the· upper partion a correspo'tid.1ng nega.tive charge. 

• Tht explanation a.1:iva.n.ced by 'Wilson, tn tlie o t.her l:t.a.nd,. 

1s based ·on ,the behaviou:t" of a drop fa.llf:'ng in an electrical 
I • I • • • ' . , • • . s 

field. such a.e is kntnm to exiElt in the atmosphere. The rate 

of fall. of .the drop wp.1 depend on its size, and he suggests 

1i.hat' the l.ar~e drc»ps will atquite a negatt:ve :charge, while 

• the !11:nute droplets nil lia.ve a positive cliarge. It a drop 

• be considered talli.ng 'through the no~l ~otentia.l gradient 

ot the atmosphere, ft Will a.Cqtiire 9. dtpole structure due 

to thls f1$ld.1 suQh that the '1011e:t tront of tb.e d.rop Will 

l>e the positive pole. 'fl:le lo·wer portton .will tnus attract 



to itself a.ny negative ioti:s it may meet, a.nd repel positive 

ions. Since the ions present in the ¢10\ld will be "large 

fQns" o_t slow mo'bili ty1 the velocity of the dropa will be 

sucll a.e to greclucle the upper or :negatlve pole of the drop 

from attracting to itself the posJ.ttve tons. and the drops 

· .. ·falling to the lower portion Qt the cloud wil.l a<,q,utre a 

net negative charge. In thle way the lower port1oo of the 

cloud a.equi.rea a negattv& charge, and the upp1u:· l)Q:ttio.n a. . 

correvponding po.si t1ve cha.rge • 

. ftl.ese two tbeor.ies, both of which provide •att e>tpla.nation ; 

of th.e generation of the ebarge on the thunder4loud, ha.Vt, 

this one impox-ta.nt difference. The process .1uggeete~ by 

SiJOpao11 leads tp a eloud. of negative pola.r.it7• tbe negative 

pole 'being on the uppel' portion of the cloud, while the 

proeess 8Uggested by Wilsen lea.d.s to· a oloud o:t pesi t1ve 

p~larity. • As will b~ seen later, cloud.a of bOtb. pos.1ti.ve 

a.nd negative polarity ha.V·EI been observeth ao that 1 t is 

probable tb.a.t both types of process play a. part in the 

gene.rFi1,tion ot tb.e etoud .Charge, 

THE ME,CWI$}µ . OF A . L!,GHTNING ... FM§ll. 

It b,a.s alread.7 been mentione<i that lrta.nklin eetabli_shed. 
.. . 

the c3:ose relationship between the elee1;ric spa.i-k and the 
~ . . . 

lightning fl.a.ah. It . is . well known that. beforte a. ,spark can -~ ~ . ' 

be maile to pass between th.e poles ot an in.du.ction c$11 1 a 

critical potential ( ~01000 volts/ ¢entimetre at ordinary 

atmos;pherle pressure ) is neeeseary. Renee tor a. lightl'1ins 

stroke to pass between cloud and ground, or any two point$ . 

tn the atmosphere, the potential Jllttet rea<:lt. ao·ine cri ttcaJ. 

value. Thia value will depend on the co·ndit1011s extstitig 

at the t:ime, but t t is eatimate'd to be at leatrt 10,,000 ·vol ta 

per centilllet1te under tbe Jnoat tavour.abl& condi tio:ne. Thus 

the proce.ss :for the generation Qt the charge in the eloud. 



. . ' -

' ( , " . - ' ' ' . ' ~ . . ' ' 

must ptoceed unttl· such' a eri tical value is reached. .. 

If the·c1011<1 be of negative polar.1'ty, as eu.ggeete«. by 

Bimplson, the development ot the flash would proceed along • , , 
. . ' " "''• . 

'' , 
the following 'llnes·. 'lbe: atmosphere between cloud and ground 

• , , ' ., . . I ' . • • • , •• " 

is known to contain elti~trone, and, the lowel' portion or the . ' 

' . ' ' . '' ,' ,., i' ' ' ' ' \ ' ' ·, ' ' ' ' • .. 

cloud beiQ positively charged, it would a.ttra<:t these 
" ' . . 

. .. , .. ·_. • .. • . . advance . · · • .. • 
electrons~ • Under the hi.Sh field they would/with a. vel~ci_ty. 

' ' 
etd':fieiebt to to?Jise by. eollision. and thus tom an electron 

avalanche: tb.e elcrwer moving posi t1ve !one· wo~d.- be left 
• ' : ,, l ' ' "' . • (' ' '• ' t •• !, • • • • .··.: • ' 

behind, anti wollld thus fatm a. proJ ecting tongu.e or extension 

o.t the cloud towards the earth. Tb.ta wolll.d tn turn cause a. 

f\U1'thti electron avalanche, and thue the tOnfP,lt WGUld. eXt&bd 

.rurtner and fQrther towards the earth. .A8 tlle process 

necessitaters aeoondary <u)lltsioris; it would e.xple.111 the high. 

teanperatu.:res cte-velo_ped ln the channel. 

tt the cloud 1:Je of pQsi t1.ve pole.ri t7, as suggested. by 

Wilson, the lower portion of the 0101ad would. be nesa"tlvel7 

charged.. trJhen the cr1 ttcal potential. was reaohtd, eleo trons 

would pro~eed trom the cloud., ionising a. conducting path • 

from clou<i to· earth. 

the t-esul ts of obsenatione on the branching of electric 
. . 

sparks betw.,•n the tet'l,nj.nals ot: an induction coil seemed to 

lend support to the theory tJf the negative pola.ri ti of 

thu.nd•el:'eloud1h • !t is a.n observed fact that,· ln such an 

electric spark, branching always takes place aW&.7 from the 
• • • w 

potd tive pole, a.11d1 1dnce lign:tning 1s $1.ways observed to 

branch downwards towards the earth and away f1."014 the lower 

portion ot the thunclel'olc:n.id., Simpson conolu4ed that thl.e fact 

constituted a strong pte~e of evidence in favour ot his tneoq 

The exper.iment.e of Schonland and Allibone, however, have 

£:Jhown that, if' the poa1 ti ve pole be such as to contain a 

number of points ( a state well represented in the case of 

the earth ) 1 t is possible to obte.t.n branching in an electric 

spark towards the poai tive pole. • 

The application ot photo graphic methods to the problem 



of ,the mechanism ot a lightning stroke bas provided a la.rge 

amount of addi tiott.al information on the prooeaa Qf 'its 

dtvelopment. The ,early work of Wal tei- was carried out_ with: 

a camera movi.ng und.el: the action of a fallif18 we.tght, and he 

applied it both to the electric spark and to the l.tgbtnb1g . . .. ' . 
tla.sh. Later a great deal of work haa been done, in South ... 

Africa by S(?honland, Coll,ens and llalant using a-Boys' c~er~• 

.As a result o.t thei~ work and th.at of' Walter mentioned. a.bc,rve, . . 

tbt1 picture of the Jhotogra.phically visible stages in. the 
' 

development ot the dJ.soharge is _practically ooinplett. 

Briefly, this wox-k has ,snown that a, lightning tlash is 

mUltiple in na.ture. consistUis of' a. "farr.ing number of separate 

srti:-okes, s~pa:rated by definite time interval.a of •ary.t•s 

ma,gni tude. Before the first a troke of the flash a faintl7 

luminous l'!ader proteeds in a series ot.at,1ps from cloud to 

earth, with a sl18ht pa.Ul'Hi after ea.ch at&p .. • Th_e function of 

this lead.er is to ion1s$ a cc>nductitig path between cl,oud. and 

gtou.n<.i; a.nd :1 t 1:a 1n this stepped lead.er p:rocess that the 

oran<:hes originate. ImmecUately the path is complete4.; the 

main stroke dhac:tiarge takes place. This is recorded on the 

photographs a.a an t.ntenst lwninoai ty wnlch develops trom the 

grouna. upwards to the cloud .e.nd. along the branches. Th& 

intens1·ty in the main etroke is not constant, wt .talls oft as 

the stroke 4evelope upwards; the variation in intensity being 

a.esoeiated w1 th the bira.nches. After the f1rs.t str(lke is 

4o1Dpleted there is a pause, a.n<l then fc:,llow the tubeequent 

strokes at v.a.rying intettelih Each of these consists c:,f a 

leader, differing from that of tlie first strokein that it ia 

not stepped but continuous, and very inueh mere rapid, called 

a dart leader, tol.lowt4 by an intense i-eturn stroke. These 

follow the path o:t the first stroke. but wi ~ut the b"ra.nohing 

Should the interval between two strokes be sufficiently .long 

for the conducting channel to cool. then the stepped leader 

prooe13e which preoeeds the first strokt •ay again function over 

part or all o:t the path. 



The pl1ote>graphic records obtained by 'Ule Uije of_ the BcJ,-aJ,i 

cam.er.a have provided quantitative results of ~Jle time tnt~t:,~s • 

of the various stages in the process of a li.gbtning_ :f'la.S~t; and., 

fr$qu.ent reference will .be made to them later 1n the diso:i1s$ion 

of the results obtained .tn the lnv.e11tigatiot1 of tbe ·Qha):lges 

in the field in tbe neighbou'~hood of' a ligbtr1J.ng tlaah. a$ 

reao.l'ded on the Csthod.e Bay osc1llogr'1,Ph •. 

FIELD ClWTGES · IN \ffiE NE!G-HBOURliOOD Of .A THU.iDERSTO.BM., 

A. method which ma:, be ttsed ·to dettrmine the electrical 
' . 

. field a.t. any point.,. and the changes which may occur in that 

field• wa.s initiated by c.T,R.Wilson tn 1916, and applied 'by 

hun to the inve$tigation of the tield changes in t.b.e 

neishbourhood. of a. thunderstorm.. The metbOd ts of partioula~ 

interest in being the etarttng poin.t. of the modern stua.y. et 
this problem. 'l'ne ttuetnod employs a. conq.uetor, i.nitiall7 a.t 

zero potential when sh1el.ded from the field at the point Ul'ldei­

eoneiclei-a.tion. On exposure to the field• 1 t will a.eqnire a.n 

induced charge &ue to the f'iel.d.1 and its potential will alter. 

and .a. measurement of this change will provide -. means et 

mea.auri.ng tht field. Thi,s may be done 'by rea.d,Justing ~e 

potential of the conductor to zero bf a varia.tiou Qf the 

capa.ci ty of a .CQmpensating condensei- in the el,ec,.trometer 

circut t. By the use of a captlla:ry eleetrometer of a special.• 

type, this comp.,ntilation ma.y be made automatic, and at th~ same 
' ' ' ,, .. 

time, rela.til'ely rapid• and the tno'fements of tht electrometer 

used to determine tie.Ji,4 changes. i'he method has been a.ppl1e4, 

first by ,Wilson and la.ter by others, tCll the investigation of 

the rapid f'ield changes occurring in the netgb.bourheod Qf e. 

thunde:rstorm due· to·· 1.t.ghtning flashes. • B:, adopting a photo­

graphic method ot reet1rdllng the movements in the electrometer' 
pennaneut r~co1"d$ of these changes have been obtained.. The 

method was fi:rst appl.ted to condi tio~a in South Africa by 

Seht>ttland and Craib, and..late:r by Halliday., and; as a result 

of their work, certain 111portant facts have bt'!en established. 



It has been .clearly established that the very large 

m~ority ot the storms tnveattga.ted. we1:e :from. cloud,1;.1 

of positive polart t7, ua. tu.rther, the $.X:per1-ental 

data obtained in the invest1gat1ons have provtt:led 

quantitati•e results from which it 1s po.ssible to 

determi~e tbe magnitude ot oe:utatn 4.f ~• ,electrical 

quantities itiitol'Ved in thtanderstol,'m.$ and lightning 

discharges. 

Vaa,.ic:nia other m&thods have been employed to stu.d;r 

the Changes taking plac& .tn the fielci at Ql'l7. PQ1nt due. to 

a lightning diecha.rge, ~l ot which follow ·in principle 

the lines indicated above. They .use a.n uposed condu.Ctol' 
' ' 

or aerial• which is ec;,nneoted, through ~ome stnsi tive. 

recording inatrUltlttnt, such a.a a stl."ing gal.va.nometer or 
, ~ ' . . . 

. oso1llog1-aph, to ea.arth, Field. changes .in the neighwurhood 

ot the conductor or $,erial. induce charges on the copdu.etor• 

and the ins ~rum.ent provides a means of treco rding the 

reau.l ting currents in the syotem due to the fteld changes 

teJd.ng place in the s,paoe in which the conducetor is 

e1 tua.ted. The val.ue of reoords thus obtained. <lepende, to 

a large extent, u,pun the pro;pertie., of the recording 

ins trwnetnt:; and its method ef respsnee to the :rapid changes 

1n the electrical field. !n this connection it m.ay be 

obaerire<l th.at the capillary eleotro1J1ater, used 1.n the 

origina.l 1nveatigat1ons prev!ousl7 mentioned, had. only 

sufti c ien t s ensi ti vi tr to tleoord the to ta.:L ti eld change 

due to a ,complete lllghtnf.ng fla.sh, and. thus provided little 

intor.ma tion o.f the. stages in the development of the fl a.sh 

. :l tself. Thus tne further methods• which ha.ve been 

• developed la.te:r. hav-e .all been in a cU.rectJ.on towards 

increasing the sensi t,:lvity of tbe re<.:ordtng tnstl"Wllente 
• . 

used• ant partieularl,y theil' ra.pidi ty of 1:'esponae to rapi(l 

changes 1.n the .field. For this reason the Oa.tho,de Ray 



'' • I 

oactllogra.ph comm.ends t tself ae a.n ideal .recording 

instrument. Unlike other instrwo.ents w1thmechanioa.J. 
• . . . . . 

• bio;,ring pa.rte, tbe ta thode ray, even in the ga.a:-foeussing. 

type of tube has a negligible inert.ta. and gives a rapid 

rest,oruie to Qha.nges of potential of relativl!:ly high. 

frequency on 1 ts worldng plates. In the gas,jl.focussing 

type of tube the limit is set by the focussing positive 
' ' ' '5 ', ' 

. ions, a.11d 1s in the neighbourhood of 10 c:y9les per second. 

Since its in~eption, and application to this p:robiem, a. 

• big advance has taiken place· in our knowleage of field 

changes- not otllJr i,rt ·.tht! neiglibou.rhood of a lightning 

flash, lrut at relativelt large distanc·ee t"J:01ll it, .in the 

investigation of the form o:t. a.tmoaphe:rries.. Thus the well ... 

known work of Appleton,, Wa.tar)n--watt and Iierd. on the n~ture 

of Atmospherics; and ·of H. lforinder on the nature ut 

lightning dif!icharges, uses as a .recotid1ng instrument th$ 

Cathode Ray oacillograph. 

As an e:a:a;mple of work in Which mechanical reeo:rd.ing 

instruments were employed, reference might be made to the 
' . 

work ot' M .. ,N'oto in 'ro'lcyo in 1929, This wa.e intended a.a a.n 

inve.sti.gation of 11Electrical oscillations in the atmosphere". 

In thie work an antenna. was st.-etched a,bQve. the la.bo_rato;-y; 

and then oomi.ected through a Du.teur oseil?,og:.t'.~ph t~ ~al'~_• 

A spot of light, a.f'ter reflection from the Vibrator of the 

oacillogra.ph, wa.e arranged to tall on a. cinemato.g:,apb. 

film driven at a constant cpeed, a.nd thus a. reco,:4 was. 

abta.tned of the field: changes at the aerial. The -period 

of the ·vibrator_ :is given a$ l/l60th seeolld. 



A gteat 4eal Qf lJOrk on the natu.,:e o:t lightning disc:har~e~ 

has been oarried 011t by H.Norinderat the Uni'versity ot Uppaal.~ 

u.si.ng as a reoordlng Uustrument a. high velocity Ca.tho4~ .~'1 

ose1.llogJ;!aph of special design, the beam of whtoh impinges . ' : :, ,. .. ' . 

'.Co a.void 
r 

togging, the beam is initf.e.ll.J' deflected. 1n such a ananner as to 

be scretned. front the plr.te, and ~e aerial uapulse is u,e,. as · , • 

a relay to tti.P the soireentng devioe. 11.nd petmi t th.e pb,rtog.rapb.io 
' 

recording 4ey1oe to tu,nction. To obtain e. iwo ... dtinensiont!ll. 
' '+ 

. record of :field changes, the usual device is e:n.iployed, the· 

eer.tQJ. .iqnlle~a;s. 1be.tn.g eto.p\Oyed to activate <)ne set o.f detlec.ting 
' 

plates ot the osc111cur;ra.ph, and a time baee applied. to tb.e 

other set. 

'lhe ina.nneJ- in whtch th.e field c.h~ges in ti.le neighbourh<,od 

of the .aerillll ·a.lt'e related t(j the changes .in potentiU _at the 

. oaeilloa;ra.ph ;platQ may be seen trolll the diagram of tbe .ctrcu1 t 
E 

h 

. c is tbe effective ea.pa.cl ty ot the sys ten,.. 

• h is the effective height of the aerial 

E 6.e the potential gradient in volts / 1netre,· 

Ra is the damping resistance, 

r To 
Oacillogra.ph 

a2 it th& t-es1sta.noeacre~s whieh vol ie.gt cb$,llgee are :measured.• 

Q is the ;charge 1n4u.ced on the aerial· syete11. 



'h. E. + o/c. : i, (R, + ~).). 

or E ~ ~ [ :- ~ + L ( l< 1 + R~)] . 

. " and C. :. ~l.. 

a.E .L 
Thereto re 

:. 
~ ol.L-

one di.sad-vantage of this me'thod is tha.-t.a.a .may be seen 

from the above an!iLlyais, th•e recol'd ob·ta.ined ,on th.e photographic 

plate is one which. shows the ·va:t'iation ot dE/dt · with tirne1 

a.nd 1 t is thus 11ecessary to integrate if it be desit-ed to know 

the varia.•tion of the actual field (E) ·with timth ;J.turther, au 

has al.ready 'been pointed· out, th.e Boys' c8lne,ra. reaulta indicate 

that a lightning flaeh·i.s a.:coml)lex phenomenon, la.sting a. 

relat111ely long lnterval of time. With tlie limitations of the 

siae or ·the pl.ate ernpJ.oye« hl the investigatiou, a. relatively 

slow til'ne base must be used if a complete stroke .reQord .is to 

• be included in one sweep of the time base, wt.th consequent loss 

of' resolution:. If the pe1'1od of t11.e time base be sho~ter.led, 
. r . 

g~eater resolution can be obtained, .but ,subsequ.ent portions ot .. • ' ' , . ~ 

tlae rfieor4 thet.i bet,ome superimposed -on one another, and, a.a a 

, eoneequ.enc e. in terpre tajion ot tlle record. beeome·s di ff i cu.J. t. 

This object.ton ie cottunon t0 all systeni$ o.f reco.rding. where a 

time base is employed. with, ai t'i)red plate,, and can only be 

·obviated by the us~ of .a. moving film. However, with transient 

phenomena, the latter 1:1ethod. must entail a certain amount of 

wastage, a.nd the cost ts often prohibitive. . It is possible, by 

mounting the tilm on a. drum revolving a.t eonsta.nt speed, with 

a regular lateral d1splacffoJnent, to. utilise the la.tter method, 

and at the same time to reduce wastage to a minimum. 



The method employed.by Appleton; Watson vatt and Herd was 

designed to delineate the wave form ot atmospherics. As it 1s 

the method, with certain modifications, which haa been adopted• 

in the investigation forming the eubJ ect of this portion of the 

thesis, it will be considered in some detail. 

Briefly the method consists of the examination, by means of 

e Cathode Ray Oecillograph1 of the variation in the potential 

developed across a resistance or a condenser inoluded in a 

damped aerial circuit, whose time constant is so small that 1 t 

may be neglected in comparison with the duration of the atmos­

pheric. "Jhen the variation across the resistance is considered 

the method provides a means for the measurement of the rate of 

change of the field (dE/dt) 1 as in lTorinder•a method, whereas. 

when the variation across the condenser is considered, a direct 

measure of the field {E) can be obtained. 

The relationship between the changes in the earth's field 

in the neighbourhood of the aerial and the varia. ti on in the 

potential applied to the working plates of the oscillograph in 

the two cases may be seen from the following diagrams. 

CASE ~. E 

31_ 0 
h -T- o 

R 

l I 
J_ 

- -. -
C0 is the effective capacity of the aerial system 

h is the effective height of the aerial. 

E is the field change to be determined. 

Q is the charge on the aerial. 

V 

Then, since the potential of the aerial does not depart eensibl 

from its zero value, 

\I 
R. 



' . 

E 

I 
R / 

I 
h 

_2Q.J_ Q,o ;--- -.- -
I ,/ C 

R1 

?L - I V 

I I 
l 

-= 
' 

It V
0 

be the potential at the aerial before the change, 

\Jo + Qo/Co · ~ 0 • 

Suppose the•change results 4n a. sepa.ra.tiott of charge, so 
. . 

th.at c a.cqti1.res. a. charge Q. 

Then, since the po ttn.tia.1$ of Po and C are stil identical. 
C 

From (l) & (2) {, E. ::. 63/c. + o/ca ,:; 

But \J - ~c.. ... 

Hence E :::. \/ l- ('.+Co] 
~ Ct:1 

In the above a.nalys.is 1 t has been assumed that, whenever 

changes o.ccurred in the fl•eld. 1n the. neighbourhood of the 

• aerial, they ha.ve been transient cha.ngea, which ha.Ye left th.e 

a..eria.l system in its inlttial state after the passage of the 

a.-tmos.Pherlc. It is· quite possible, h()wever, and, in the 

neighbourhood ot a thun4eJ:storm; almost certain, that a 

pemanent change ,in the 'field will octur,. if the atmospheric 

be due. to a ligb..tning d.isqharge.. con$.td.e;rtng the cir,;;,ui t in 

Case (2) above. the Jte.sult of a perJnan~nt field change 

would be .that the. tndueed charge on the.aerial would be 

different before and after the dieturba.ruie, To obviate this 

d:1fflcu.l ty, 1 t is necessary to provide $ome leakage pa.th 

for sueh a. charge tq escape, a.nd this may be done by the 

$.nclus1on of a re$i(lta.11ce, B.i, across the condenser c. 



It i1:; cl-eat- that the time constant, c R1 • of this 

arrangement must be made sufficiently large so that 1 t 

great11 ex~eeds tht tittle of duration of' the field ~hange 

due to the disturbance, and. thus 1-?1 must have_ a ?ery hiSh. 

value. Wh.en au.ch a perma.nent field change doeu take place; 

the oecill0graph ret)ord will show an exponential traQe of 

long_ duration• deterinined by, the time eon'1Jta.nt ot the 

arrangement. 

Fu.rther, a;:nce. ~e, ~elation.sb.ip b•tween tile field_. tha.nge, 

E, and the potential applied to the working plates of the 

osoillogra_ph; V, 

it is cl.ear ·that." for .any given tield ehange_, the ma.gni tud.e 

of c will determine the magnitude of v,. Hence, l)y. &A~11i table 

adjustment o:t the va.l.u·e ot c. field changes of considerable 

ditf er·ences !in magn.i tude may be ma.de to give traces on the 

(.)soillosra.l)h of compa.J."able size. 

Bet'or& the ;potential, V, is applied to the working plates 

of' the oscillogra.ph, it ie u..aually necessary for it to pass 

through one or moil'e ata.ges of amplification. In this 

corui•otion tt i~ important to riotite thS.t, when the 
. ,, ' 

os¢illograph ··1s bonneetE,d across A ·B, • it· forms a resistance 

in pal'a.llel with R1, across: the condenser O,' and thus 
. • ,• l ', ' 

' A lligh 

valu.-ef-or the· impedance between grid and .filament of the first 

va.lve in ·the amplif1cu· is thus &saentia.l .. • Further, it· ls 

essential th.a. t at no ·time should. there be a flow o:f grid • 

cur.rent in t~is -first- 'Valve.' An:y such flow iill give to the , , 

uppe1t plate of the condenser O a charge; an.d, as we have already 

seen; • any such chatge will a.pp ear to ind.1 oa. te a. permaneii t • 

cb.a.nge in- the earttt'~s-fiel-d.. For this res.fort 1 t is necessary to 

use a ~power valve" in the tirat sta.gEt· of the amplifier. 



A/r~aniem.ents ~ere •a.de _by ~pplet~n, Wa,tson Watt an~ 

.Herd whe.reby the resl,)ona~ of the oaqillogr~p~ 14. ;Jl!pulees 

of Jbe ~nown oo~sta.nts oou.l_d b_e tested~; . A. co_nd,_ns~x- of. 

known capaci t:,. wa~ c~rged and disell~rge4 .tb..r~ugh a.. known 
. • , l , t, ' 1 • • ' ; ' ~ '°' , • 

reaiata.nce and induc.ta.noe, and;. by a suitable adJustl.nent 
,;. ' • • ' ' ' ' • ' ' ' > . . • ~ • ,, ' - • ~.' '- ' / 

• of values, va.ricn~s types of impulse, from ,the l\t,Pe:r1o~ic to 

the damped. osctll.a.ti()n oi' high freq~•noy, coUld be. obtained: • 
. , ' • ' " • • •,' ' . . ' . !· : • ·, 

By meanar ot a. coupling resistance in the aerial c1rcui t, an;y 
' 

' ' 

sueh ~m»uise t:~uld be introduced J.i:ito the ~el:'ial, e~rouJ. t• 
" . I ' . . , , . , • 

a.nd the oscillograph record coltlpared with the values 
., . . ,. 

• .· ca.loult3.te~ t~o·m the constant1,-

In carrying out their investigati.1ns on the nature of 

atmo.sphetlcs; Appleton,· Watson Watt a.nd Herd. applied the 

impulse from the. aerial $Ystetn 'to one set ti;t worlctng pl.a.tee 
' ; \ ' . .. .. ' ' 

ot the oscillogra.ph; and a linear tilne ba.a,~. to the otn:eJ.', 
. ' , , ,. • • l. /, i ,' •• • • • • 

,, 

arid e~ine<l the. rt?sul;tan~ ~scillQgra.pll. tr~c~ v.t1.1ua.111. The 
' 

. linear time ba.ee they found moat aa.tisfaotory was the . 
' . ' ,. ' ,' t ' ' .. ._, ,' 

"ticking grid u • the. l.inea.r stroke being obtained by the 
\ l " " ' { • ♦ 

discha.rg$ -of a condenser through a. saturated diode, and the 
• ,, ,·, ,' '. ,, . 

almos't, .instanta.neo~s retµ.r11 stroke w the charging of the 
J ( ' ' > I ' ,, ,• • • ' • ' ' • • 

, ,, ,J.E., Cairn~, \lSitts. s1;1bstan~iaJ.lt ~-~ ,a.me f!iethod t\$ that. 

Just, <1,eeeri:t>ed,, ea1;ri,ed o1ut. tn 1927,. an.·. izivea~~ga.tiqn Jnto , 

the, wQ.ve :fo-rm Qf a.trn.osgheri·cs at Wathero,o; We-ateJ"n .Auetl;'al1a. 
; . ' , ' , • ... y , ' • • ' :J ' . .~ ; : . . 

):.-i a le,tter to "Na.tt,tt,e",i in 193.3,, F.VT. }lhapma.n.t wprking 

, i,n eol;:taoorat.ion with Ptoitessor J\ppleton, detcribes a. 
·, • ' ' ' • .• • • $ ' J ' • • • • , • ' ~ t 'I" ' 

. 

phot(?graph1c :methQ,d of rec1>rding the ost1ll.og:raph t:ra.ce •.. ~e 

oscilJ4.oaraph flno.-escent •. e. ¢1."een. ha~ a ;tong a.f terglow. and the . :, .. 

cam~.ra. Sh\ltter ia t~.tpped. PY a tby.r:atron aCt\lated by a small 

fre.9ti;O,tl Qf the initial vpl ta.ge due .,to. the field ~b.Q.Qge. In , , 

this-wa.y.reeoi-cis may be obtained o_f t~a.nei~nt phenom~na. W:ithout 

wa~teige of ,photographt¢ aa.ter1e.l. 
/ 



' " 
§_~Y, QF COlifOLUSIONS , .DRAWN FROM PREVIOUS . WORH: ON 

I,. ,_. 

ELECTRIGAL FllW) · CHANGEfh 

.. The ortsin~ Wi1'son 11ethod for the :tn,v~st1ga.t1on of the , 
". ~ . ' 

' I 

field: Qhangee 1ri the- n~igllbourliood ot a thunderstoJ?.m was _tire~ 
, , ' , , , , , • , ;t. 'If" ' 

a.ppl;tled to. SOU'th Africl:1tt thtm.deretorms by Schoniand a.nd._ .Cr~t_b!t 
' '; ,1 •''' , 

As .has .a.lreaQY 'been mentioned, the ·method provides intoma.ti<>n 
Y. • • ' ' I, , , ~ : • •. • i ' • 1

' 

ot the .resul truit field <iue to a complete lightning f;l.a.&ht and 
' ' ' ' ! --r • ' i " 

thus, in the main, besides quantitative data. on the.lll$.pitudes 

involv.~d, dete:tninet.1 the pc>lar1ty of the cloud its~lf. The 

result -~f thei.r woik tutnishGd • conelusi ve evidence of ,the 

fact that • \hutlder~louds' a.re· pr~d1>Jn1na.n,tl7 .·.ot positive polarity• 
' . . 

Schonla.nd, as the result' (;)f investigation$ on some tifty 

stomne., was able to ahgw tha.t ·more tba.n 90% of the observed 
. i . ' • \ ; 

changes due· to grountt· tla.EJheG save results indicating 

. po.s.tt.ive :pols.ti t1 in the ciouo.. 

Subsequently Halliday,· using, the same method in 

J'ohanneebuJt:f!h ebta.ined reaul. ta indicating a.n even higher 

peroenta15e, H-e was· also able to obtain ~ oo:rrelation of the 
I , ,.- ' 

t1eld change due io a tlaeli with a photographic record of the 

flash 1 teelf in certa.iti casers. 
, , '; . •. # 

Rts photogra.phs $l1owed. tha.t, 
• > ,. I 

in certain eases, the flashes· 'were • 0 a.oubl~1t• in that a dis ... 
' ' 

itse.lf <>ccurred a.ltrlost simultaneously. Th~ ~orlty of his ' 
. '• ' . . . ~ "' .. ,\-, .. 

j ' I 

eorrelatetl reeotds which seetAed to indicate negative pola.ri ty 
' I ', • \' ~ / 

• . I • 

in the cJ,01.td wer-e of this type,, when the. criterton of PO.l~ri ty 
{ • • • ' ,". , ,l • ' 

inconsieta.nt with th..e actual posft1ve polarit7,ot ~e ~~QUd'r 

shoul.d the field. change ,du.e to the discharge within the ~loud 
~ ' ~ :'' ' ' • " • t 

predominate a.t • the "tecording 'point;. 

As WS.8 previou.sly indicated; the w-ork of AppletGnt Wa.tson 

Watt ·and Hera·wa:e intended priJna;rily ·as a study' ot Atmospherics 

and their method. was designed to provide a delineation of their 

wave tor.mt .· T}J;~ wort was carried out under the progx-~e of 

• the Radio Research Board, a:nd ·covered a period of' a year or 



more durtn.g 1922•1923. During this pei:.iod over .eight. thou.sand 

ind.1 'V"tdua.l. :re~ord~ were ob~ained, .sQme .i,n. Engl.a.Jd, o th$Jts in 

the tr1pJ.,os at llel•as, nea.;- Ga.i1;0, and at ltha:rtown. Tile 

oecillQgraph traces v,&Z'~ examined ytau$.ll)'; and 1;e0Grds_ kept 

of their .cna.r~ct:erts-ttcu,.. J... stat!.st1cal .a.nal1:eis of the· 
. . - • . . - ' ' • . '· -'-. ' . 

record.a •showed that tn~y ~OU:ld be classified 'ln two ma.Jn 

groups, designated Ape,;lod1c and Qt.1.ae1per1~dt,i. These two 

ina.1n cl.a.sees. w.e.r,e fu.:r~et subdivided to· show th♦ sign of the 
, 1' ·, 1 f' 

• ' f .. 

fiela.··ehange assotJia.t&d w.:tth the atmosphE91"~o, whe.ther or not 
> • • ·'. 

a aeit1i•pe~~nt ~ha.ttge CJf field. had ocearre.i., the rounded 

or. P€tak~d. na.ture .of the. o.1,i11.ogra.ph t,ta.ce, the relative 
' ' . . - . 

" ' ' . , 
type $l'.td ,.the .. sequenct o.f_,oppostte peaks 11'.\_ ;he qtiasiperiod.ic. 

'' , . 
The e.nalysJs s~wed that. the aperiocUc wete tQ:ree1 tiatte.l!J •.ara 

numEJrous ~e th.~ quas.ipei-to<lic., arid that predqinantly po;.d. tive 
, . . • r ~ . - • • 

" die¢'.ila.fges y;~rf! on~ and :a ha.l.t timea as numerous as negative. 

· ·., The ,f 1el.d strengtb.e of the 8.tmosphertcs and theiir, periods 
• ' ' ' . • 

of d.u~at1on were also exa.mt.n:ed statistically• and tlle results 

• of' sue,~ exe.m1na.tiQtJ, 11JUlllmar!sed.. This slUDllla.ey sho•s that 'the 

:mean ape:ri.odic atmosphei::ic !lad. a peak field 6ltrength ·ot· 71 . 
' ' ' 

.• . 
m1lli.VQJ:ts/.niette,. and a. du.ration of, 2.246 micJi'O ... seqo'nde; ail.d -the 

mean qua:tdpe:r1od1~ a.tmospherie h$.d a peak field strength •~ 

156 m11l.1:vol ts/met:re, . and. a. du.ration ot il.25 m.ie.io-..aecc,na.s •.. 

It was 3;lso observed that, besides tne ma.in f1_eld 4~angee 
. • ' . 

eompos.il)g the atraospheric, there wa.s often •preaent a fi~e 

atructt.n:~ oi- ,"ripple~. Th.ls ri_pp1e had a.n ~J;il.itude ·which 

reached a\)ou:t l.O,% of the t.uti(j,amental amplitude ot · the 

atmospbei-ic, and .. th~ ripple .lncet frequently C>4¢U.~r1ng had a 

fi-equenc1 c,.f a 1:»u t 100 mi ci,-o ... se'9onds •. 

?n~lndeli .in. the obe-ewatiorts were detet-JDiaat-lons of the ' - . •• • ••1 --, -- • I • ' • 

net fie1d cuang~s _of tb,e earth's electrical field due to 

• thunde,~sto•r.{llB; obtained bJ the.use of the -cathOde :cq 
. ' . . 

' ' . 

osc.tllograpb, and. alao w _using a ca.ptl1a17 • el.e(itrometer and 
• ' 

a string t!lectrometer. From the results ()f these determinations 



it -was :found that the· prepo.nd.etance of po.si tive o.r negative, 

f.ield changes 4~pended on the dtsta.nce.of·the EStorm .fr,om the 
) ' '. j• :, ':'", •' ' 

~eoo:rd.i11g :apparatus. • A tb~oretical di.acussi~n of the$e 

re13ul ts show~d :that, with· thunderatotms • up ·to ·¢onsidel"a.bJ.e., • 
' - ' ,• 

,. 

dts·ta.ncea • the ·tQost trequ.ent t7pe of. cloud was one of poet ~ive . 
> ' • ~. ' ' , ' ' \ , , • ·:, ' ' -

' J ., ,· : : ' - • ' J • 

pola:ri ty" • Thus the oonelusione arrived. at frOlll. the W~~k ot 
. . . : . ' 

S<Utonla.n<i, and· Htui'iday • ·prev1ou.sir· diawssed. $greed with the 
" . ' . ' ' . ' 

resul·ts· ·:from· this tnvestfgation •• 

Th-e partiett'lar to11m which the atmo .. sphetlc wave tol'ln trace 

might ,be ·expected ti> a.soWlle was also • discu.,ss•ed trG~ a-
' 

theoret1ca1 point of view. Using the fun48l'llent~ equeti~u1s 
• 

'' 
of Cl.ark· llaxwell for the transmJ.e:sli.on .of ~lectrioal imp~lses • 

through ·space, ft can·b-e· £1Jhown that the e.,epreseion for th, 
. • • ' ' . 

field. at any pol.rat dut to a. 1ightn.1ng discharge a.t a ¢istanee 
. • . , ' ' •• ' t 

E --

Stnoe tbe three terms, kncrwn a.a the electrosta.t10. indtUtM.Qn, . 
\' 

upon r. 'tlie ria.tu~e et· the osci11ograph trac~ Will diff~~ with. 

distance, 'l'hus, for small. va.lu.ee ot r, tb.e electro.eta.ti.~ 

term is the tmportant .on&• while at. ,great 44'.G•ncel!I tn._e . 

t-:adiatton lfie1d pred.orn:ittate~.. A compa.tison b~.tweeri tne. 

theorett cal wave f'c:>rm and, the. t actually ~•co t'ded 1.e.aa_s, "o . tne, 
' concl:u.ei~n that one must look to thundetstotms up to .· ·. 

• ' I : , 

oons1dera.ble d.ista.nc8s. a$ important sour~t:e (;)t typi¢~ 

atut<Js,phert~a. Further, trom the actual ret:oJ-dS o:Pta.,i11£1d.,. it 
' 

may he concluded that lightning is not in gene?l_ :f'tN~e;l.7 

oscilla.toq• ·since suoh reoords· a.re e1thei- ~~ericu.U.c or 
. ' ·' '. ; 

quasip~:riodio. 
of •. 

Th:e wt:n:•k/itol."inder deals l'lla.iniy .w1 t.h. the tnte1'!>r~ta1d.on 

of the osc:f11ogta.ph i-ecords to ~x:pia.1n ~e lll~Qhan.i.sm of tb,e. 

li.ghtiling di~charge. •• In a papel' publi~hed in l.934 .be u,sed a 



time sweep ot 104 micro-s~conds, and also. one of 10-20 

Jntoro-seconds~ From the l.'ecords he the.n obtained be 

eoncl'IJ.ded that a lightt11ng cliacha.rge, observed as a dista.n-t 

flash, consi .sted o:f severu partial impulses, foll·owing one 
. . , 

ari.o ther., with 41fferent time in ten-ale between. th~. Tue . , ,. 

time interval bfiitween consecutive partial discharges he gives 

as lying between the limits of 200 111icro ... seconda artd 3000 

m:i.cro ... seconds., while th,e most f.requent total duration of a 

partial . .impuls.e 1e from 200 micro-seconds. down to 50 tn.icro• 

seconds. A .comparison of these fig11res with those at 

Appleton, Wa.tsen Watt a.nd Rerd., gi'V'en above seem to indicate 

that his partial impulse muat be a.aaocia.ted with the tine 
' . ' 

.structure or r.ipple p.reviously diacussed. In a later 

publication. the results are given of a.n a.nlll.ya1s of field 

changes due to atmospheriQs.. These he finds a.re 0:f two 

types, "cliokeu and '"grtnders 11 , names used to d1atingui8h 

tne.ir .effects· in a radio receiving set. The oscillograpb. 

records show that the clicks are distinct .. from the types 

obtained directly fr.om lightni.ng di.schar.ges, The clicks 

a.re single distui-oan-ees of duration q;f the order o.f 100 

mi.cro-seconds, whereas lightning flashes were found to 

consist of repeated discharges ot this type. He attributes 

the clicks to very short electrical dt.scharges within 

a.dJacent part.a of a thunderstorm, a phenomenon not usually 

detectable visually. The_grindera, on the other hand; have 

a duration comparable with that o:r a lightning flaah, and 

he oonclu.d.es that th~y a.re du$ to distant lightning flashes. 

Tlleir wave form d.iffers from tha.t obtained for near lightning 

fla.she.s. and the theor-etiva.J. consideration of the V'e.ri.atton 

of wa.ve form with distance is conside.red., o,n similar lines 

to those of Appleton, Watson Watt a.nd Herd previously 

mentioned. He concludes fro.m this anel.ysie that atmospherics 

could be derived from lightning discha.rgea or known forms .• 



Appleton and Oha.pman hate recently published a._ turth~r 

In this they repo .-.,,, 
a • ,. • • .. • I 

ce1rtain modifications h1troduoed into the .apparatus formerly 
• . . ' 

used. by Appleton;, Watson Watt and Herd, in an att~p_t _to 

remove certain w,eakneases in the teclultque o.t the :f'o.nner 

The exposed ·condu'¢to1t' they used oonsis ted of a. Wilson . 

sJhere, the down lead trolll wh4eh wae Qatefully screened., and 

a.n electro:llleter triode was used as a conrieQt1ng link between 

aertal e.retem an<l axn.p:Liti.er. The alllpltfier .i tselt wa_s 

.rests tance--capaci ty coµ,pled.. and the excl.lrs.ions ot the 

oscil.logr.aph spot were recordec;t photog:raphioal.ly by the 

afterglow .m$thod to whlich p.revious refer,ence has been made-. 

The r&$Ults they obtained show in the first place that 

there was a tendency for d1scb,arges to o,ccur in sroups:• so 

that these results e.ga:tn cont.1rm the deductions from the . 

:Boye• CQilJle:ta. records of' the aomposite nature 9f a. lightning 

flash. The ett!PlQytnent of a faster time b(l.se indicated that 

the decay of the tnoment of a. thunderclou<J. occul"s in stages. 

The first stage .is l'elatively alow. (0.01 .second) a.nd,'­

durins t ts prog:tess, the moment of the cloud is 1."educed by 

30 • .50 'f;. ?he seoond eta.ge te very rapid (40 • eo micro• 

;seoonds); and Jra.ctica.lly the whole ,of the .remainder of the 
' . ~ . 

moment ie then dest.ft;Jed. These sta.ses are identified. w1 th 

the 1e~er and return sttoke processes shown in the Boys• . . . 

oamera photographs .•. A ,oertain fine structure is found on. 

the records ot the .tirtl'ti stage which .is identified with the 

branching and discontirnaous nature of the f'irat leader as 

shown ln the Boy.a• cam,era photo graphs .• 

F.j.nally, eoneidera.tion ia given to the change in the 

tor.ta ,of the oscillograph tta.tie wt th i:noreasins dista.nc& ot 

the flash, such change 'being due to the relative vari~tione 

in the ma.gni tu.des o.f the electrostatic and radiation fields 

wt th dis ta.nee. 



As has been p:teviou,11 1;r.id:.1oated1 . the ob.tact of t.~e 

P~~sent 1nv:eetigation was to examine, by the uee .()f the 

Cathode .Ray Os<:i'llogra.ph; · the. cllanget in the e;J.e~trt~al. 

field in the neighbourhtlOd ot a th.u.nd.eratoiWJ. due to a ;tigb.t­

ning 1discharge, and •. if po,sible, to c<,rrela.~~r euch cb.a.Qg~s. 

w1 th the Boye' cam.era photo graphs of the lightntng, flasu. 

Owing to the trequenty ·of ,thunderstorms on the Witwatersrand; 

• and the ,success tha."t had been a.chie'f'ed by the BOY~.• Qa.m.era 

opet'at,or1;1 th.ere, 1 t was dtH:ided to carry out the. t1,eld: •ork 

. in Johamiesburg dur-.ing the eu.mrner season .pf 1935,-56., The 

J'll.ethod used was. sUb$ta.ntially that ot Appleton- Watson-Watt . 

and Herd, except that it was decided to take photegraphto 
' • , ' • l , . . 

itecords of the oac.tillpgra;ph· trace1 ua;i.ng for thia purpose 

a revolving drwn eamera •. tfhe appa.ratus was of' the form 

developed· by the Radio lieaearch :Boa.rd at Slt>:ugh. 

• :rt was fortunate that, the inveetiga.tiona, carried out 

by the Liehtning InVe$.tigaticua Q"o;.mnittee o:f' the s.A.Institute 

.of Eltrctrieal Engineers,.· on tlte development, of a lishtning • 

flash, uetns the 13oya' camera, had .preceded the pvesent 

• investigatic,,n. at:J the experience gained thereby was found , . '" 

to be of a. considerabl& benefit, This experience had·clea.l:'ly 

ab.own. 'atUOngat other things, that su.cceas with the camera. 

work depended on the operator possessing the. nia.xir.nwn of 

mobility, a.nd it was ea.rtl;y realised that, in, tha p.l'esent . 

.1nvest1g;a,tion, mobility was even m.ol"e .e.sa$n;tial. In South ., 

Africa, owing to the ra.,Pid changes 1n temperature that occur", 

it is found that thunder,t'torms develop. often with very 11 tt1e 

if any, warning, in a vary short tlme,· a.nd tt-avel <>Ver the 

country at a. $peed of 20..,30 miles per hour .. The direction 

in whi.Qh they travel depends on the ground eontours beneath 



the stQrm and, other tact~rs; such .as the ~r~r!'ailing wi.n~s 

iQ ~he;r v~c1nlty, .and often cannot be foretold. ln tho 
r , • • . 

photograph,1.c work it: ha.d been_: found ne¢eseal".r to kee;p_ a 

careful lookout tor. ~~Q)ttflS, \ii th ~e camera. ou tti t ready 
~, l ; • , 1,...• • , 

loaded ,in .a .motorcar,, .s.o ~k!.a.t 1 t could be rapid.ly 
: • : . ' ' ' . . '. . . • '. • ' ', ~ 

tra.nsported in any requ~t~d .d.ir~cti~n to soltle eu.1 table 
.' I • , • • ,· ; •, \ , ,, , I t•. . 

·_position at whtch ~:• sto~ .might be tnt_e:r<:epted. in ita 
. . ' • . .. : ' ' . ~ 

c~1n;se,, and tue ne¢easa.r, exposures D}.e.dEh EVen under 
, ' ' ·.- ,dt ' ' ·' ·! , . ,, !; • , 1 : 

. theae eood:l tions it was. toand . _that J o~rn•rs were ott,n 

frui tlless,• and the perce1:1ta.ge of su.cefHls:ful photo graphs 

was small., In this ·connection lnention must be made ot 
• • '. - • ' ;·' ' ... 

the valuable. a.,ssist.anee r,enderect by Mr. H. Collene., Ii.is 

unique .k.ru.>wledge a( th.~ b~na.viour of thun4.ers tcu.,na in the 

vietni ty of Johannesburg. • and hi.a e:kperiencc;, with tne 
' ' . ' • ' ' . ·, : ' . ,, ~' 

Boys' calllera; were of ~nestitn~ble value in the pree:ent 

invee tigation .• 

Profiting by thi~ experience, it was dec14ed to ma:te 

the e;gperime~ta.l outfit ,ln the present investigation a.e 
• • " '! . • l ' , ,. ; • . .. 

mobll.e. a.$ poaa.tble, by 111ounti1'lg 1 ~ complete .in some- vehicle-. 
,. • . .. . ·,' ' 

. . 
The prioblet!l waa a. fomtda.ble one-, f'o:r, \Vher.e the Boys' 

' '· ' '; 

earner~ operators had i"QU;t'U1 it possible to use an ordbia.l'J' 
' ' . : \, • 

moto::roar. since 1 ts purpos.e was purely one of transport 
,. : ' • ' ' .. 

' ·' 
to a. ~ui 1;1;tble ei te for photography, it was now nece:aea.ry , 

to tra.nepor.t the osc1llog~$.ph, camera a~~ ,·all the awdiiaey 
' ., f (' •', . '-' ';' 

app~ra.tu.g. !n addt tien the Qutt1 t ~ad te> be ,self•contained, 
• . ;1 

and .au. sources ot :supply of powe~ for the otc11logr~ph, 
. ,, . ' ' ' 

ampl~fier unit and 4i-lve for the reeo.tding ca.mera ha.4 to 
I • ;; I. ,, 

. be included._. Thest. had .to be so ~rra.nged that. immediately 
• • • ' •. ·1 • ' t ., 

on arrival a.t the requtre,d locat.iort, tht outfit coUld be 
; • ' t ' • ' ' • " 

, put into comm.iasion. ln $hort, the problem resolved i teelf 

in~o that of desig11it.tg a port,a.bl~,. selt•co~tained . 

la.bo:ra.tory and da;rk ... ro_om on wheels. J!ortunately The 



Vlctoria Falla and Tra.b.ts'Vaal Power Com.pa.tty were kind enough 

to place a.t our d1$poseJ. a Reo Speed Wago,n.1 'Which. ha.d 

tomel"ly l>een u.ee4 by the l.tnesina.n o.t the· •()•p~ •h~a 
' • ' ' 

executing .repairs on thelr .tl•er 11.nes, and \hts was found 

to be satisf$cto~ for the pu.i-pose. 

Since 1 t had. 'been decided to ust photograph1,e recording 

of' the oscil.log:rapb. traoe, i 't wa.s. tiret ileee~ea.17 to l'ender 

the body of the .lorry light-pll'c;,Of,. eo \:ti:at records ooul.d be 

ma.de of both a.ay and. fJ.isht etorms • To 11,c¢omp11rah ~s all 
" . . .. 

openings and wi:ndovis tn the body were cl.o&ed w1 tb covel!'s . • 

of ca:rdboa.rd·a.nd Amertcan cloth. A double curtain of black 

mate;d.al was h.u.ng .tr.cm the ~oof de~ to the :floo.r in front 

of th~ a.euble doors at the, rear crt the lor1:3 giving accees 
\ 

to the 1ntetior, Wt th the doors c:losed, the interior thua 

becaae a light .. ti.S}lt rooni soll:ie 8 feet long., 6 teet wide and. 

5 feet htgh. 

:tns;.Lde the body were titted two table$• stretehing the 

full. width of the lorry,; the one flu.eh. with the front ot' the 

lor:ry, the t>ther sepe,.rat.ed from i.t by abou.t a teet.· Xbis 

allowed ·Saffi¢i$1'lt space tor one observer, if tu,oessaey, to 

tak~ up a ;poet tion in 1Comfor:t between the two tables, while 

a. second ob$etver cO\lld be atattoned behind the rear ta.ble• 
, . 

' . ' ,· 

The t1-ont table carried thG os_ci~log1"aphta.nd th$ mnplifi:er. . . . . . ~ . 

unit$, and. tl1e i'ea:r t.a.'ble carried th~ camei-a. outfit, the . . ' .. . . . . ,, 

mo to ;r £or thG c~era. drive, the control .PQ.!l~l, fo.1:. t;b.e 

csbi:llugta.ph, and all swi ti;he~ controlla.ng tb.e mv tor a.nd 

amplifier. All these units were :mounted. on spongy rubber 

and kept in l)osition by battens. This was done to prevettt 

any dam&g$ d~rJ.ng tra.nsi t, a.nd to obviate vi't.>;-a.t1on from 

the motor affecting other :portions Of the out:fi t. 

'l'h.e a.coeltra.ting ·voltage tot the oscillogra.ph wa.s 

obtained from a be.rue ef High Tension battertee, a.ttd · these 

were :.mounted .0n a box whi-cl'l fol"iiied pa.rt at tlle origiual 



fi ttinge of the lorry and ran its length at one side under 

the tables. These batteries were so arranged that, by a . 

series of switches, the voltage applied to the oscillograph 

could be varied from 600 volte, f'O'f: visual observation, to 

2,000 volts for photographic recording. Under the front 

table, on the floor of the lorry, were fixed several large 

ca.pa.City lead cells. These provided the power foi.- the 

camera motor. and for heating the filaments of the amplifier 

valves. The a.node voltage for these valves wae·cbtained 

from Ii1gh Tension batteries which were also situated under 

the front table. ProJecting through the floor of the lorry, 

und.er the :front ta.ble, was an earth wire, attached directly 

to the chase.is of the 1,orr;y, and th:t.s provided a common 

point to which the various earth connections in the outfit 

could be mn•de. 

stretched above the roof of the lorry wae the aerial. 

T'a1s consisted of a length of co_p_per wire, 8 feet in length, 

standing l.3 inches above the roof of the lorry. and carried 

by thin metal supports at each end. These supports were 

rigidly attached to the roof but were fully insulated from 

it l>y sulphur ring insulators. :.Mounted on these supports 

were thin metal cc.rwls., so that .the insulation received 

complete protection from rain. The front support proJected 

through the insulator into the body of the lorry, and from 

it a short lead ran directly· to the .input terminal of the 

amplifier unit, wh1cht as ia shown later, embodied. in 1 ts 

design the damping res1stanc:e and condenser' of the aerial­

earth circuit. 

The interna.l arrangements .in the lorry were such that 

.it wa.s possible for a. s.ingle operator, by taking up his 

station behind the rear table, to control each unit of the 

complete outfit, and .so, if necessary, to make a complete 

record single handed. As a general rule it was found 

··---·· ----------



the spot on the tluoresee:n.t screen a. ho:d.•aental· deflection., . 

. Fle-Xibl.e lea.de trow the· ter:mUia.ls .on the tttbe holderl.ed. to,.,. . -

terminals on the back ot the panel1 to • enable: a.11 c<umec.tions 

to the . oseil.legra.ph . to b.e Ila.de, to tbese termnala, '.rhe 

ebonite panel was znou.n'hed in the oacillograph box, ·ma.de of. 

wood oovered wi. th aheet metal~ so .that, When ,nounte4j . the_;., 

oscill<>graph tube 1-1as completely shielded~ The front of the 

. box had a. ej.rcular op~niug, ex1:i'oaing tht tl.UQre$Qent. screen, 

and thus enabling phot()graphs of th$ excurstona of the spe>t 

to be taken. Mounted 1n. the b9lt wel'e fix.&d. condensers,· tro:m 

which leads .led to termi.nala. on the panel. In this way any 

:E.M •. .F .• under iflvestiga.tion_ could be ap~l1e4 either directly 

t.o the wo.rking ;plates .o·r .through these condeneerf,h ·The 

necessary leaks from: w~.rk.i,.ng pla.te to gu.u, . to preclude 

a.ceumula tion of charge on the working _pla..te, were also . 

ineluded in. the gene:t"al assembly. 

'I'Jm CP:!i~ ... l!:k1) !XS .. M◊'l'Ol'i. 

The eamera tteed to retord tb.e psc1llogra.])b tJ.uotu.a.tions _ 

was ,a4a.pted from an Ottwa.y. drum. mfb.ia 1a a cylitJ,drical d#Um, 

lOcms. ,in vlid tll and l .:metre in circwnterenoe wi tb a. horieontaJ. 

axis mounted in bearings. Below the dll'l.lln shaft was a second 

shaft, on which was cut a. thread of uniform pi toh.. A train 

.of' gea.1"' wheels and clutch were so arranged tha.t., with the· 

clutch engaged, ·it was pos·rd.ble · togi-re ·to, the drum;• in addi ~ion 

to 1 ta axial rotation, a un.ttol."m horizontal t~averse of a.bout 

o. 6 rdllimetres per rev.ol.ution, The drum was .l'igidl:, .. 

mountedin a large cubical. bo,c, with a remova'ble lid such that, 

with tht lid in plaee. the. wltol~ bon \Va.fl! :tight t.ight. 

• ProJecting from one side of the box wae the ,driving shaft of 

the drum, and .f.:ro.m the opposite side, the clutdl handle,. The 
. ' . . . :•,..· . ' '.- _. . . ' . 

latter was so constructed that 1 t could b~ used to i'e8et the· 

drum to its zero poslt1on after it had completed its t.ra.-verse. 



l 
fhe cainera lens wa.s mounted in a rigid metal support 

attached to the metal frame ca.rry.i.ng the dl'Ulll shaft b_earli.nga 

so that 1 ts position relative to the d:nun face remained , 

constant, and ;protruded from th.e front of th~ camera bo.x. 

The 1ona 'traed waa a speed. Ana.atigm.a.t Cine te1.1.s of :t-0:caL. length 

2 inen~m (f/l.. 6) au_pplieci by J .• n.Dallm:eyer Ltd, London. 

The Calnera itself wa.s mouated at· 81.lCh.a d.istance from 

the Fluo11eeicetlt screen of· the os<1illo,gra.ph tha.t the image was 

reduttecl a,beut 10 diameter$., . Tne fll1n t1sti1d in the camera •~ 

aupp1ie.d by ires.are. Kodwr .• I,td. • dil'.ect • f'.;-om. tbeir tac tor, 

in u.s.A., .a.nd the ernuls:S.en. was that used by .them for sound 

reool"ding. •• T'Ae :tilma were e,upplied by. the manufacturers cut 

• in .suitable lengths juat .to :fit the· camera. drum with a short 

overlap:. The p1:oeeas .o'f' loading the film in. the camera. was 
\ , 

veey simple. Th~ oamei•a. top ws.a remtrved, the :f'illn: wound 

evenly and tigb,tl.y round the d~, • ~,mi the t1110 ends, ·w.t th the 

'8ligllt ovei·la1h fastened to the drt'U11 l;iy moa.no ot a ap:ring 
' 

clip. Spa.re filmu were4ai:rried. ill special light t1ght, 

• eylind.ets in the luri·y, a.nd the whole process of removing a 

·used,film and reloa.ding co\tld be performed 111 a f$w second.a. 

From ~he a.oo,i•e descll'ipM,on it is clea.:~ that, wt th a. 

etationa1")' o~cillograph spot. a._ r;omplet& t:taverse of tl:t.e 

ea.meta 4riun, would l)l."oduee .a fil!n reeo.rd coasl$ttng of a 

continu.o.t.u, epir.u tra.ce o:t pitch o.6 m11l.bnetres, atid such 
, ' , 

di f'fi cul ty, and bearing 1.,n mind tha. t it was • only ne,qessar., 

to record deflections of the QSGil.log~aph spot, a. ma.sk was· 

mounted in front oi' ti,.e oscil.logra.ph s'°r~en. The :mask 

cove:red the whole of the fluoresc0n.t sc~een, except tor a 

na.:r.row horizontal 0lt t a:pproxt1aately 5 millimetres in Width 

at tl1e height of the osci.llogi,a.ph spot. Acroae thlis slit, 

itnme41ateJ.y 1n front of tb.e undefl.ected. spot, a. na.:rtow band 

.wa,G pla.o ed. J u:e t euff i-oi en t to Jna&ilk the apo t when in this 

position. ln this way the undeflected spot and all diffused 



' ,, 

and the film r.ecord was one of the oecillograph deflections 

To dri ye the camei-a dru:m it was ueceesa.ry to use a 

di.ir&ct cur1:>$nt motor wh:iJh Qould be driven from lead 

b.~tteri,es in th~ lorry, while at the aaae time .maintaining 
' ' t • 

. • ' 

constant speed under load. :For~u.nately the load imposed 

on the mo tor by the Ca.tilera. drum was small; and this q.id not 

prov~ difficult ... • A reduction sear was ixi:c::luded t<) ob~a.in 

a drum speed of one revolution per secottd. The maximum . • • ' • . 

wri t1ng .speed of the. film employed was tound to be about 

105 •. centilttetres per. :ee.cond, and, with the redueti.on of ten . . . ' 

diameter.a from scre,en image to film image previously 
' ' . . ' 

:mentioned, experience 8h.owed that this dl.'Wn speed was a.bout . . 
,.· 

the ma1ltiJnum permtssible to obtain a satir,te.ctory :teeol:'d ot 

the fin~ structurt o:f the oacillogra.ph trace·. This mo tot' 

was cormeoted to i t.e ba.tte·zd.es through two swi tcl1ea. one 

01.1tside and the o theJt insidt the camera • The fo;mer was 

used to start the motor •. while the latter wa.s so arranged 

that, v,han .the 4~ t"tached the end of its tra"V"erse, it 

broke the motor o1rcu1t, and thus px-evented any d~e 

to ·the camera due to. over tun. 

TliE ,1 ~MPf!JFIE~ UNIT. . 

The ampli.fier unit ~mployed in this inveet1ga.tion i.s 

shown <1,iagt'atrm:1ati•eall;y in Figuxae I.• and follows the linee 

of that described by Apple.ton •. Watson, Watt.and. Herd a.nd 

shown in. :E1igure S, page tl2lf of their publication,•. to whlieh 

rt.!ferenee has been made. As px-eviously mentioned, the 

dam.p4l:r.ig reeistance in the aerial circuit and the 

"potentiometer" oond&nser were included in. the amplifier 

unit. The high reeiatance across this condenser bad a 

vru.ue .of' 10 megohnla.. The capa.c1 ty of the lorry aerial tva.s 



mea.sured e:itp·erinient·a.lly, and tou11d to be <i,000026 micro- ' 

fa:rads. It has been sh.own p.reviously th_at, if c0 be. t~e 
:Capac!' ty of the aerial and C that includ~d .tn the aerial 

eti.rcai t, the reiationshiI) between the field. changes .in the 

neighbourhood of the aer.ial (E) and the char,ge .in voltage 

a.cross C ('V-) is gi'ten by 

E : :y_ cc+Co]· 
-tv . Co . 

Frow. the low vall.te o.:r C
0 

for the lorry· aerieJ.., in the QEuile 

·Of distant stomne it was found necessary to increase the 

aerial oapaci_ ty .tn orde1· to o bta;in meaaura.b~e records ·p.n 

tho osoillogr.a.ph. 1'h1::s ·wtia' dor1.t:/ by introducing em ex:teneign 

from the aerial on the lori,y to an upright erected in the 

gxollnd some distance,.f.:..~o.m tne lorry. With this extension 

in position the aerial • c~paci ty W&,s measured· and found to 

be 0.00012s ·micro f,arad-. For nearer storms, if the field 1 

• change was sufficiEn1t1y large to defl,eot the spot otf the 

screen the va,lu,ef of V could be reduced a:na.·· brought within 

measurable limits by in~rea.aing c. Aa indicated in the 

idi•ing diag.rwa, a;wt tchiug ,a.r1 .. a11gementa 1;;-ere introGl.uced to 

e.na.ble records to be ea.de either of E or of c.lE/dt, tµ. though, 

iil th~ present it1veetigation1 results were confined to a. 

determina/cion o.f E. 

The a.tnp13.f1e.l." itself consisted of three stages, 

resis-ta.nce ca.pa.Qi ty coupling being employ·ed between the 

-stages. The first stage c6nsiated of a vower va.l've,L.s.6. 

to ·obviate any pt>ea:i.b11i ty of grid current and a resultant 

cha.rge on tlla p.late of c. .Since this provid.ed s1:1a.ll 

ampliifieatiot1;; the iseconcl stage contained a. 1/alve of high 

a.m;plifj.cation :factor; r .... s~ 5,.B. The third stage contained 

an L.S.5 valve, to provide. tor the large voltage changes 

a.pplied to the oscill,ogra.ph plates. A potentiomet;i-ic input 

to the grid of' the second 1ralve provided another means of 

regulating the gain in the aJnplifier. 



Before the 1:implifier was incorporated in the general 

cireu:i ti it was submitted.· to a. series of tee ts to 

a,t:;termine whether its inclusion would 1nt~du.c~ serious 

distortio~ of the i111pulse between aerial and oseillogra.ph. 

Th.is wa.a done b1 tollo1ti.ng the :,,nethPd outlined by Appleton, 

Vla,tson Watt and He.rd, and mentioned ptevto.u.sl.y, where 

iir.pi.tlsea .of known oans tnnts are applied tb:rough the 

amplifier to the oaotllograph,, o.nd the trace thUs obtained 

~ompared with the values calcUlated·froJn the constants, 

In. th.ts way it was found that, th~ tUnplifier introduced 

no serious distort1.on or any kJnd over the range in input 

vol ta :f'or which 1 t waa later used, 

A determination ot the ampl1ficat1.on facto.r of the 

~plifier haa also beetl ma.de und.er working conditions 

a:nd tthen mounted in the.lorry. The value is found to be 

260. 'lh1s determitl.ation \"las veey· kindly car:ried ou.t 

by Mr • .L+ Katz. 

\ 
\ 

1. 



GENERA.L Ot.JTLlNE .OF .. THE. INVESTIGATION. 

When the pi:-eeen\ investigation "8.S :ti~st_ suggeste_d, 1 t 

was JLntended to have a twofold. obJ ect. • In the first place, ,. 

it was hop·ed that, wt th the oscillogtaph 01,1 tfi t in the ti eld 

. in the Witwater.$rand aJ>ea. •during the swmner storm seaeoit. it 

would. be _possibl.e to obtain a n~ber of aac,11logra;h re,oord.s 

ot the field. changes. tn the neighbourhoocl ot a. ligh.ttning 

flash, al'ld.1 by Vi$tta.l obsena.tion ot the natul:'e of tht flash, 

cl.a.seity thea.e generally as due to ground tla.shes or cloud. 

flashes. Theeescou.14 then ·be exatn!ned 1.n tne lteht cf the 

photogtapht~ retotids ot lightning fl.ashes wh:Lch lla.4 

p1evio11sl,7 been obtained ·by the uee <rf the Boys ' cam.et:a. 

The a;na.J.ysis of the '.Boys' camel.'a. ·x-ecords had been oair·ried 

out by SchOnla.nd, Collene and Malan, a.n<i. that analyst• 

prov.id~d a. general piotui-e of the sequence of evtnts over 

a complete groud :tl,a$b. fhe .i-ela.ti.()nsbtp be t1teen this 

general p1ctu.l:'e and the general pietµre de.rived from the 

oscillogra.ph records of field cba.ngtf.t due to ground ilaahee 

would th~n provldt ad.di ttonal inforniation on the mecha.n1Slli 

of the 'dlacharse. In the second place 1 t wae hoped th.a. t it 

might b$ pQssible to obtain, simu1ta.n$ously, an oscillogra.ph 

x-eco:i;;d. of' the field. changes due to a. ground .fl.a.sh and. a. Boys' 

camera. :record of the same flash. artd thus to correlate· 

directly the two method.a of invest1iatlon, The ...-alue of 

• such a corl"elation is obviout!I. Fro.m it could. be seen the 

d!r&ct relationship between tne photographically visible . ' 

sequenee of events a.nd .th$ .field oha.nges, and .t t would 

i:nl.ii:oate clearly tbe lbn1 ta't.1ons ot ea.ch method.of a.na.ly-sie • 

. In .,Pra.~tice tb.e tiret of thtae ob4ects did not prove 

very· difficult, once the outf1 t ha.d been a.ssezrii;>led. in the 

lQr.l"y. Daring 1935-36 sea.son the number ot suitable storms 

was beltw the average of previous sea.sons.; 'but in spite of 



thts ha.nq.ica.J?; . a m~iri}?er. of rucords were o_btalned., both 

du:rlng daylight and at night, at varying di.stances trom the 

lightning diacha.tg.fh , A ~epCl;rt en .tbtt~e i-ecord.$ forms the 
l ' d I' \f:,• ') .. 

TJle seuond. p.bJ ee t, 
,t l' 

the. dlreot correl~tion ot 1Bo7s ~ • oa.111.efa. a.nd ot.(?illogra.ph .. 
.. •• ' \j • ,,, 1 • .' ' .. 

retorda,. proved very dJtrlcu.lt. ~:is \Vas to .be, expected, 
•• . . . . , , ,'l,,,). 

fer Jnot only we:te the .,~~rent diff'i¢~lt~e~ ot' obta.~ni,ng ~ 
. . • . ,, . . . 

l3oya' ca11:lera. piJ-.:tu:-e preaent,, but tn ad41t~o·n it had. to be 
" • ' ' .. ·, :,. : 

obtained dµtt,ng the "-(!· of :th~ oscill~graph. f.l:lm Pd at 
• • . •. ·. ·' 

·night. The lorry outfit, by reaeon ;Of it$ bulk~ wa~ of' . 

neeess1,ty nQ t a.EJ mobile as the eamera. outf~t, a.nd in. addt t.t.on 

where the Ctilliltta. .oould be kept trained on a stol"m clou(l 

until a. -flash took _place., the oeoillc:,gtaph was ;i.i,mi ted to 
' 1 f 

the time taken by a a.i,ua ttaYerse, In tact. during the 

whole p~riod of the investifa.t1on, such Qorrelation was only . ' ' 

obta.i1'ed • on ·one o.ccasion., •hen simul te.neo.us reco i-<18 of 

three .flaillfe were ol>t~tned •• 

GEDBll,-i:. grp,:ru~, 011 .. onowm> ( FI.ASH IriOY: .. BOYS ' • OADRA .J~O~ 

Before ·considEtring· the otrcillog!'a»h records obta.inf:ld in 

the .pi:-esent .tnv-.stisatlon .1.t is necesaa.ey to ou tlJne the. 
I ' 

general pia~re of the, ee<iµence at events in a ground flash-
! ' ' 

. as obta.in.ed f:roin the Bo-,s • Camera. Recqrds, This is g1 ven b7 

sohonla.nd, Kalan and Col.lens ~s follows•• ~, 

• . • •Each lightbing flash to. gr~und eonsisted of a series of 

separate strokes 1'61,ttging in ,n\lBl,ber rtQm l to 2?. Tile time 
~ ! , . I ; 

' ' 

and value$ of 0 .. 0006 second.;. to o. 53 eect.nld have been found. 
·,• . . .--- , - - ·,; • ,. 

Tile tir$t stroke ot e,acb. ee~iea differs from the ot~ers 

in two reepe'3t-s. whicJ/l. make !.t ~asy to. identify.. It .ta 
' . , ,• 

usu.ally much mo re ln ten$~ th.a.i:t the succeed.ing s tr<>kes and 

• 1, al way,, ml;loh tnore heavily branched •. 

Ea,U1 stroke is co,np9si te, and cons~s~e of a leader 

portiou travelling from Cloud to groun<l and a main return 



portion .mo'Y.lng fasta11r a.nd mo;re brightly in the reverse 

direction.. The le.ad~» to the first stroke consists of a 

se~ies of •$.treamers moving downwards in a. step"'"b7••step 

marmer.. and is hence referred to as ~•stepped". The 

length of' each . .etep is a~out 50 metres, and after 

(u:,mpleting a step the tip ot the stveam&r appears to 

pause for a time of the order of 100 rnicro""1!HHlonds, 

wnereu1)on the strea.111er ext~uds still tu.rthe~,, the new 

step being much brighter than the refit of the streamer~ 

The prolific braneh1ng of the ina.i.n part of the fLrs 1: 

stroke of a. seriee ar,tses solely from d.~wnwa.rd branching 

ot.tbe :stepped leader ·wlJ.i~h precedes it, The course 

!olio•ed. by the. eteps decides the pa.th which is .followed 
' ' • • • • I • 

geneJ-ally by a.ll the strokes making up the flash and the 

zig-zag nature of the channel arises from changes 1rt the 

direction adopted ·ty successive steps. The leaders to the 

subaegtuint strokes ot the series a.re in general ot the 

dartlilte character previously desc~ibed. 1'lley follow the 

pa.th blaa,;ed by tue tt'rst leader. but usually de., not braru~~h •. 

When branches are fcn:med 'py either fit-t;;!t or successive 

leaders they a.re subsequ(!ntly more brillia.n~y tllumitJ.a.ted 

duti'ttg the l"e turn .s trokth 
' Occasional.11, howt,ver't when there has· been. an unu.su~ly 

l.onglnterval before th.e occurence of' a ••.aubs&quent" strolte, 

the lower ehd of the usual dart leader beeomes stepped like 
' 

the lead.er to a first stroke. Thi.s type of l~ader is 

termed "da.rt-st$pped.n. 

Th• second, upward tn.oving. return ;portion of ea.ch 

stroke follows directly n.pon the arrt,val of the leader 

part at the grolltid, I.n the cour~.e of its .1 ourney the 

return pa.tot branch$$ ou twa.rds· and downwards along the 

forks blazed. by the lead~r •. _. _____ The 'Very bright luminoett.v 
. ,. . . ' 

of th~ return etltoke. has tte~longest·duration tw~ 'greatest 

inten~d. ty at the ground and often shows a marked decrease 



in .tntensi ty a.t successive branchee frclm th& bottom. '1~rwa~da~ 

The tirst•leader pro,cess 1nv-olves the· fcrm.a.tion ot a . . 

conducting ehannel aloag whicll flows electric ob.$.rge tro17r 
• ' . ' 

tile 4llou<l region tapped. . Ite. pro.grees is s3.ov, o~~pared • • 

wt.th that o.f the. 'otht:.- and later Pt'OCe1$se$. involved tn the 
< ' ' ' 

diischa.rge• and it. always OCCU:rts in a step•wlse :manne,r,. ln 

the :course ot tta d:ownwa.1"4 movement the lea.deli' b:ta.n~hes 

ou twa.rds into rf!giona where a looal coneent.re.tion crt epace• 

r:ha.rge flJ.aY be pli'eewn~a~ ••. ~ •• , f'ne adva.nclug leader w.1 th 1 ts• 
- ' ' . 

branches conati tutes a.n act\\al downward 1J1ov.ement ot part of 

the ·ciottd,.charge1 wtiic:h :ts dtet"'1bute·d over the whol.e 

condu«:>ting s7atem, and in particular over the branche1h at 

the moae.11.t. the l•a4er hi ts the ground.. ,;'}le. ,l§9:S@t: prp ces,a __ 

:tnus pff.eqtiv,~,k:. ,'lp;selt@·, a , ;or11on Q,t . Y!tL elo]id .... gha,rn, :into 

. th.e a.tr"' When' tbi.s chargeJ eystem is pl.aced. in good 

con(2.uc·t1ng connt~to.ri: .. with the earth, a ~apid .flow ot charge 

talte.s place, on. $ sc.a.l.e and at such a. rate a.e is e'Xhibi ted 

by the main ):ltt\1.;-n s.te.ge of the stroke~ lb.e :frequent,1.7 
. 

observed ·ooncenti-l!r.tiort ot tlte eners, of the return stroke 

u.poa the lower t.~• ... third.a ot the eha.nnel and .1 ta b:ranches 

as well as its deerea.se in veioo.tty as .it passes the 
' ' 

branches offers evidence that tht leader·proceaa often 

J;owere into the· air the g11ee.ter ;part ot the cloud cb.arge 

tapped. An exactly similar effect 1$ observed in 

subseq:uent strokea1 the downward mo'V1ng leader ag~n 
' charges up the· <lha.nnel, and the retul.'~. ttr-oke intensity a.nd 

·':, ' 

d.\lra.tion indicate by the manner tn wbic~· ·they, tall off with 

height above 'the groulild t.ha.t the lead.el:' p:,;ocess bas drained 

the cloucl region. t t. ta.pa, of niost of the a'9'a.ilable charge". 

GEDRAL lr_OD. OF • S ILLOGRAPR Im:COBD. FOR A GROUND 
FLASH _ TO E .. EXPEC FROM .A BOY.8 1 CJUm}lA _ P1CNim. 

From the qu,ota.tion freJil Schoilla.nd, l4al.an and. Collene 

irt the last sectiota we may ded\lce the type ot cs91.llOgl!'aph 



,· 

record that might be ex.peoted from tht, general picture of 

tlle field. changes aCC$mpaeytttg eac~ stage in. the P.lto<;ess, . 

of the ligb. tntng di soha.rge. As they potn t out, ·tb.~· f ~rat 

stage dr leader process effectively lowers the grea.tet 
, I • •. 

,portion of the el.oud-obarge from. the elou.d r_eg1on t~pped. 

in.to the a.tr. This will r:esul t in a decrease in the· 

mom,ent ·of the cloud ~barge,. The d.ura.tion ot th:i.s ohang& 
' . 

dep~Rd$ on the time of duratlon of ~e leader Jll'OOe~s, and 

is much longer for first than to'lt s\lbsequent strokes. The 
. , ; . . 

• se4'Qnd stage, or ma.itJ. return st:r0ke, consists ·of tb.e ra;pid 

flow ot this eharge froa the atr to earth, and a furtber 
. . • . ' 

;-apf.d decrease in moment, 

~ere still remains th.$ residual charge .tn. the cl..ottd 

region tapped by the flash, and it ts r-ea.sona.ble to s1appose 

the. t the ma.in ta turn s treke d.oet not cease imntediately 1 t 

rea.~bes ths elou.d base; but proceeds a cer·ta.in distanoe 

further into the cload, dra.inlng this space of i ta charge. 

'.rhts process tnq ve'rjf well Qccur without 'being recorded on 

the .Boys• camera photographs, ex:oe.pt as a continua.t,ion ot 

return stroke lwninoat ty, such a. process would result in • 

a still fu;-ther deicrea.ee in ,mome·nt'!t 

Thus the changes in moment would take place in three 

stages:-

(a) Leadel" Change of duration depending o:rt the type ot 
leader •. 

, (b) Kain Strole~ Change, very-rapid, 

(.o) Residual charge change, of indeterminate duration, 
· but ve17 probably slower than (b) .• 

As ha.a be~n mentioned previously• the equa.tione .fQr tue 

propagation of an Electro-magnetic di.etu:rbance in apace 

gt ve the tollt>1'4.ng 'relation between tlle change of moment (X) 

in the cloud a.nd tb,e <:or.responding field change (Eh• 

E * 

whe.re M 1$ the moment at a. time ( t ... r/c) seconds. 



• • r \ 

The thre& terms on the right hand side of the eq~a.tionwere 

called the Electrostatic (E8 )., Inductton (E1) and , , , • 

&.diation (Er} ter.&ns l"e.epectively. It w&.s pointed. e>Ut -that' 

the relative v~uee of .th~fJe three terms depended on_ th~: '°, 

value of r, the distance froll1 the sou.re~ a.t which .the field,· 

For small vaJ.ues of t the Electtoata.t1c· 
. ' • • ' . . . . 

term: ls tht mo:et important, whereas .to1:. large val.~&B. ot r. , 
. . . • • . 

Ea is propo.rtiona.1 to :M 

Ei is proportional to d"'fctr 

Er i's propo rtf.ona.l to d ,,M/ d,1: ,_ 

It is now JossibJ.e to obtain a gra.i,hieQJ. t'epl:'esent ... 

a.tion of the ohanges to be ex;pectad in E.a, E1 and Er wi~ 

time a.u.r1ns the tb.ree eta.ges in a. complete lightning 

stroke previously indicated, 

Thi,s will be a.s foll,(nvs:• 

s 

E· I. 

pi:::;_ ____________ _ 

(: 

E . ..,. ______ . 
? 



The actual O'scillograph record to be expected may be 

obtained by cotnl>il'!ittg these three, the relative va.lue.s of 
- • l 1 , " ·., • • • ~ • • 

E8 , :m1 a,nd E:, depending on th: value of to. . For a. nea;­

flash• t.n. wh1•ch E8 ,re4c>mtnates, .. the l)'eeor4 should take 

sot.ne. s~h £:om as fol).qws:• 

s· 

E 

p i--==:;;;.,__ _______________ _ 

On the othe;- han~, tin:: a. fiista.nt flash, in which. Er 

prett, .m.titatea. the record should take so.me euqh .f<"tl'Dl as 

f9llOWSt• 

E 

e:-

The above ;a;11f)ly~ta ts obv.iou:s1y only a first apprex.tR1aticu1, 

an.ce li,as been .made for the high :resistance leak aotose the 

plates of tlle conde~$e,: in the aeri.$1 · ciitcui t, so tb.a'ti . the 

tinal_ value of E indicates thf! net field chti!lge due to the 

fia.sh. Further, no allowance has bee:n ma.de tor any a.b~pt, 

.~llang•tni in. the tDOllent d~ring any of the stages,. such a.s the 

stepped na.tu~e ot the lea.deJ." process in the fi~st atrok~ of' 

a ~e:ri~s .• .AJi1' such changes will. a,ppeflr dQ the t>scil.lograpp, 

recorci as a fine $ta!'Uctu?Ce or. r:tpple su,pei-i111pose4 on th~ 

genere.l fo~ given ~bove. The etf'e~t o.f the leak resiJ~nee 

will be to euperiJl1.p·ose on tb.e ge.nera.1 <ra.N'e an e,tponentia.1, 

decay curve. so· tha.t the :final pos.:t. tlo~. of the oso1llogra.ph 

epo t . Will El.gain be at ,z:ero., 



It has been pointed <>Ut Jtevtously that, whenever the • ·, , 

oseillograph was in ope:rattoa 1n the neJ.gkJ:aourh.oo4 of an aotive 

thunderatorr.o., at1 exttl'nal obsener was• 1f poasiblt, employed 
f' • ' •• ' ' • , 

to enable a record to be ana.de of the ·visual nature ot the 

Ila.sh. This etJ.abled the osc1llograph records to be arranged. 

1n t\1'0 general elaseea as being d.ue ei th.er te· .ground. flashes 

or to cloud tlarahes. An examination o.t the record.a themeelYes 

showe that ea.ch elaaa 1s distiact in tYPe• differing in ·lllall1 

essential tea.tu.res .from ea@ other. Atter a 11 tt.le experience 

t t was possible· to dlfte:rentiate between reCe1'd.s ot ground 

tl.ash&e and cle>ud. flash&e trom an EUtamination of the record 

alor:tfh without reference t& the rtport of the v-1au$1 observer. 

This p.tove4 to be ver:y useful where tne senices ot a.a obaentr 

wtre not available, or where a reeo:rd. was obtained, as somt• 
( 

times occurred, •hen the fla.sh i taelt had escaped the no ttoe • 

of the observer. In all ca.sea• hovu.;ver; visual -oo:rrela.tion 

was sought; and• where no EJuch. correlation wa.s available,. the 

reoai-d •as classified a.a "probable ground f'lasb. 11 • or npnbabl& 

aloud tlabh II ftom its gener.i. form. 

'The :Boye t. camera records deal elm.ost exelu.siv-ely wi tn 

ground. flashes, and for tbls reason; .tn the present tnveetiga..-~10~ 

attention has been directed. partic\ll&rly to the oactllograpli 

record.a obtained trom au.oh flashes. A nwnber ot records 0£ 

cloud. fl.ashes were obtained; in fact, as may be cpec_te4,. they 

wer& as nwneroua as grottnd flaehee, in spite ot the ta.et that 

the osoillograph wae seldom put in.to operat1o.ri except to obtain 

recor4e from a ·clout active in ground flaahes. SQ.me typical 

reeords of tloud. flashes .will bEi\ given later, and their general 

·to11n indicated. It JD.t&11t be remembered.. however, that the 

primary obJ eet of the investigation •ae to o 'btain a compa.rJ.aon 

between oacill1ogx,aph and . Boys• camera records, a.ild for such a 

comparison cloud flashes were.unsuitable. 

Dealing only with retiofd.s of P,'OUnd .flashes, the oaoil.lo• 



• graph recort.Ui ehow that eaeh ground f;l.ash oonsisted et a 

series ot separate etrokelh a-anging in number from l. to. 2~. 

me f.ellowtna is ty.p1eal of the type of o.scillograph reoot:-d 

obtained tor a complete flash to ground.. 

C,, r-- 0,1. o,J o,., ( 

- - --- - ---- -- -----"' .,,.. 

nt.e ts.me of separat1cnt, measured. ftom the field. change 

due to the return stroke ( QR in the diagram in the previous 

section) •as tound. to be .,-ery vu1abl.e, the smallest value· 

found being 0.012 second and the largest o. 5$9 seQond., neglect-

. ttig single stt:oke fla1;1hes • 

. l'he taa of the c.,·soillograph trao.e for a complete stroke 111 

any flash was tound. to .agree geriera.lly w1 th that predicted in 

the Jreviou.s section from the Boys• caJDera analysis. Xn general 

the three a tages ot field ~ha.nge due to the lead$r• main stroke 

and reeidua.1 charge were clea.rly indiea.ted, and this enabled a . 

statistical ana.lysfs of the1t Tar.ious characteristics to be :made. 

Certain sjl!lbols ·aa.ve been adopted to des1gna.te the va..rtous 

quanti tles obta.1ned fro.tn the records for this sta.tiatic;al 

analy-s1s, .a.nd these a.re ·clearly indioated 1n the following 

dia.gra.ll, typical of a co.mrt1on form for tirst strokes. 

T 
"' l I • 

- -1-

- -· - - i1. -
• J..3 • 

- - - -. ~- -
oh. 

r L 1 • 

I I 

(: 
L 

The field changes asso~ta.ted with the three ch.angee are give.n by 

d1 , d2 and d0, s.nd th<! duration of those changes by tl, t.2 and t3. 

It must be remembered. that -the oeci.llograph. trace is not co.mined 

to one term in the equation for E, but the reeu.l tant •Of the 

. Eleeti-ostatie .• Irtduction and Ra.d.iatlon terms, h(!nce allowance must 
be made for this in the analysis. 



RESOLVING POWER OF OSCILLQOBAPH. • ' I 

Before proce·eding to a discussion of the reaul ts obtained 

from the analysis. it will be advisable to indicate the 

resolving power of the apparatus in time. As stated 

previously, it was found that. in order to obtain clear 

records, the maximum writing speed of the film wae a little• 

more than 1 drum revolution per second. Assuming a speed for 

the drum of 80 revs. per minute, with its circumference of l 

metre, each centimetre length of film corresponds in time to 

0.0075 second. Film measurements could be made with an 

accuracy of O,l millimetre, which gives a resolving power in 

time of 76 micro-seconds. A comparison of this figure with 

the correaponding value ~n the Boys' camera analysis; where the 

resolving power in time R$ o.6 micro-eeoonae, indicates the 

l1m1 ting value of the type of oacillograph ueed in the 

investigation. It is fully realised that, for an analysis as 

deta.iled ae that obtained from the Boys' camera records, 1t 

is necessary to employ a cathode ray osoillograph of the type 

employed by Norinder. The resolving power of the gas filled 

type of oeoillograph used in the present investigation, 

however, is sufficient for the ana.lysis of the general field 

changes which occur. 

lnT'....:BER OF STROKES Ill A FLASH AlID IllT'.EltVAL 
BETWEEN Si'ROKES. 

The total number of records available for analysis in the 

present investigation where the records showed a definite 

ground flash or a •probable ground flash•, was 65. A certain 

number of these were from distant flashes, in which the Er 

term predominated, and hence the analysis of these presented 

difficulties when an analysis of the E8 changes alone were 

being considered. However, all records can be utilised for 

the present portion of the analysis, since all indicate the 



the total dura. tion of the complete flasn, the number of 

strokes in each flash, and the time intervals between strokes. 

T A B L E I. 

DIS'i'rtIBU TIOJ; ltb' SThO.KES IH l:.U.iiBEh PE.n 1!"1..ASH. 

number of strokes CASES hECOhDED 3Y 

per flash Oscillograph Boys• camera 

l 11 32 

2 8 5 

3 12 4 

4 rl 5 

6 7 8 

6 2 2 

? 3 l 

8 4 2 

9 5 l 

10 3 1 

11 l -
12 l -
13 - l 

15 - l 

20 l .. 

2r/ - l 

Table I shows the distribution of the number of strokes 

per flash from the oacillograph, compared with the resu.J.ta 

from the :Boys' camera analysis. 'rhe latter table is taken 

from the paper by Schonland, Malan and Callens, Progressive 

.Lightning II. 11 It will be noticed that the oscill.ogra.ph records 

show a larger ~roportion of multipl.e stroke flashes than do 



the Boys' CQJ:D.era. recorlls. There are t.wo po seible expla.na ti?ns 

.fo.r this ta~t. In the first pla.ce 1 t may be that the na.ture 

and size of tn.e thund.trclouds dealt with in the one . . • ' . - . - . ' 

inveaiigaticn t$nded to provide a greater pi-oportion of 

multiple flashes. On the other hand it llla.J' be that, on the 

oscillograph records, there has been a tendency to consider 

two :flashes with a .small time interval between them a.e one 

and the same flash. This is quite possible. when t t is. 

r&r.nembere4 that the oscillog:rpph. Z"tcorda al..l field. ~anses 

due to cU scha.rgee an,where in its nef.ghbourh.o qd. Thus, as is 

:lnva.:riably tb.e ,oase on the Wi twaters:rand, if there 'oe t'W() or 

more tb.Und.e:retorms aotive .in the Salle neighbourhood at the 

same time, the .csci.llo~~ph records the field changes tro• all 

the stoi,ns as the flashe& ,occur. wb,t,reas the Boys• ea.tae~a only 

records the tlash from the cloud .on which the <:amera is trained.. 

In addition the one cor:l"elated record previously mentioru14 

p.i-ovide$ e"Vidence ot a further possible explanation. The 

Boys* camera,reeotd in this case indica.tee that the cloud. 

on which the caantura wa.:s trained gave several diff erel'lt 

.flashes a.long different paths during the time the oainera 

plate wa.s exposed. 



T A B LE II. 

TIJlE .. INTERVALS BETO.EN STROKES. 

INTERVALS RA.lfGING BETW.EBJi liUJCBER RECORDED BY 

Oacillograph Boys' camera 

0.001 aeo. and 0.002 sec l l 

0.002 " ti 0.005 • 2 6 

0.005 fl " 0.01 II 6 9 

0.01 • 11 o.os • 55 28 

tQ.03 " • 0.05 • 84, 22 

0.05 ! • o.o7 • 48 11 

o.o7 • " o.o9 • 19 15 

o.o9 • .. 0.11 • 8 4 

0.11 • • 0.15 • 12 6 

0.15 .. It 0.23 .. 3 l 

0.23 • " o.a2 d 2 3 

0.32 • ., 0.42 • 3 l 

0.42 " • o.53 " - 2 

Table II shows the d1str1buta.on of the time intervals 

between stroke• as recorded on the oscillograph, compared 

with the Boye' ca.mera results, taken trom the ea.me paper. 

The agreement is excellent, and the oecillograpb records 

show that the time intenals between the separate strokes 

of a aeries varied from 0.0019 second to o.413 second 

with a most frequent Talue for this interval of o.033 

second. 



T-A B-L B 1Il. 
' I •, 

DURATION' RANGING llETWE11lN . JIDXBER .RECORDED 
'; j ·' t - " ' ' i 

0.2 " 

o. a " 

.. 3,.2 

13 

10 · 

,7 

7 

5 

Table III shows ithe dlf..sttiblltion -ot the total time oQoupied 

by a. complete (l-eh,, when 't;he t19/Sh is mul ~iple tn that 1 t 
. - • , . . . . ' 

ootttains ~ore tllan tin& ·strok•. There is n~. E!~lar tal>l.e 

for c9i,.tpa.rison 1n t'.b.e publi~a t!on of .S·chon~_a.11d, M.alan and 

Oolle~s, cited e.bove, but McEacbron a.p,d MeMorr:ta, 1-n :an 

article ptabllshed in the Gen.,ral Electric Rev~_ew of October. 

l9So, in wl11Cl1. they dteeus•· .the resul te -t:.,_f some Boys' camera 
' • •- • • • '•• ! ' .-, . :I ' •. • 

• inves ti ga. ttons carried out by the wr1 ters in Mne:ri -ca., , include 
' I ' • ' (,. • . •,· •. -

infomatien on the• to ta.l tl~rat;ton of mul tipl.e tlashell!. A 
' • ' • ' ' ! • -. ; 

co:tttpatts,u1 between the. resuJ. ta shown in Table 11;, 
' :, ' • •. , ' l; . .' 

expreruied. in the form aji(tfted w McEaQhron a.nd McMorr1s, .~, '. \. : • 

and the :tesul.t;s g1ven bY, these ·writers, 1n, .their ,Publication. 

is shown i:o Figure. 3. 



l;tELAt'.l0N$Hl1?, ~"'EN· 'Tlg~ IN:~AL ~ INTJ&NS,Ifi. 
f • , • • , I ; • • 

z·n their pu liiic11ti9n· ..,oi.,t:e&abcrre. Scho·nl:and,:¼°:)ilal,a;n 
. ' . '\. ' 

and Coliert~··ea:a.m.ined the.'rela.tJon-be.twe~n the intensity 
• J • • . • ·, '. ' .. 'Jo 

o 't · a $ troke and the ti:m.t; i-ntsrfa.J. be·ror·e 1 ts • o~cur~n.oe., • 
• • • - ,: ' - \ .: i '~ ~- ~ - . ~ ' 

They we~e able to show, ·r:r~ ~he ~Boys' tam.era reco;rdst 
' : . . l " i !- ~ ,f ; '- , .- '. , • •· , , • ,, 

that tl:lo"se strokes which ~Vi'ij ~:n'\lntensi ty greater tha'1 
' r ~ J ' - , --. ' • ~ . , " 

the first etr~ke ln tl\t f;l.~,ih,~erc. those in seneral whi·cll 
I • - • • ' 

l • 

octru.rred after a long~r· -~~te:)tv~l ot waiting than the 
. ~ [ , < ; \• •• T ", • • , • 

average~· An exami-tioh ~f{the \pscillograph t'$Oord, b.a.s 
, . .,; f • • { \ l • \:;- · , . ' · •. • • .• ,. 

bee-1 ma.de bearing on ~1(,p~int~· \The•·•relat1onehil) between 
\ , 

1 

·.~~·, t·,i;'t _. 'A\ • , 

th$ 1ntertal. before a st~olfe ,!i.lldNlt,~ total field qhange 
• . 3 ' -- ""·( '\ ' , 

due to the $ ttoke O l" to. any 1i1>a.,rtt~Ula},'>EJ t$ge in th.Ii s ttok• 
• • . : J l//"l i- [I''\ ~; ' ! .• , , 

• ha.a b~en eltatt1ined., but so· fa.:r nok~,);'ela.tiQn has 'been, . 
. .·, , . . • • ~ l1. . • l ""),,, •.. !a •• 

<fbtaitned. The bltens1 ty)~\f ·the • s~~~~ ~ .depend on the 
. • , j . ·I . ) . 1 ~ "' -_,,, - • •. 

time occupied 1n, the retnfh tit~~-·~~\:~··, .. the f6$0~Y1ng i 1 

power of the ea.thod·e rtW.1ui c.:d.!~.sra.~,h. •J~~rat~e, ,4~ ~ime, 

as ha.a already been p9j~t,~~:-9Jl:~•· ifJ_noj;-~~1€;i:,t·citn~ f~r 
, \ 

this to he examineJ': , • 
:, ·( i ' 



• .A.I). examination of the ttrst strokes in th• oscillograph 

recotds obtained •Of the 65 grounct tlashee 1114:toated that these 

c:ou.ld be cl&astfled into certain tnes. . Tlleee type.e ditfer·ed 
,· ' • • '.. . ! . 

from. one doth.er in ,several importat1t :respects, and th~ fir11t . , 

strok«t ,0t a fl.ash often enabled. that flash to be classif'ied.. 1'.tle 

Boys' car.ti~ra photographs had e·stablish.ed the tact .that the tirat 

stroke :in uy flash o.itteied hom aubsetu.ent strokes in that t,11. 

leader p:rooe:ts wae much slower, and a..t tbt &aat\1\1 tim, .stepped, and· 
' . ' 

this was contimed bf the oa~iilogra,ph recc>rde. Th.$ o&villo.sra,ph 

rec.tor4a, no•&ver, al.so intU.eattd th$.t these fit:-st strokes differ• 

ed amongtJt themael•es1 not enly in the magnitu4es of the •a.rtous 
' ' 

etagee composing the record, but in the gener$1. form tt atawud. 

As might be expected., in the Ca.Je of near flashtua• the .most 

comm.on type o.t flt.st $troke •otcarring confonaei to tht stner$1 

p1.oture p.rev.t.oualy d.ei~tved fll'o• the theol'~tical oonaideration. of 

iht Bots' oamera · piotu.tie. Stn1:tlar11 the geiaet-a.1 t71e of' ~eeor-4. . 

tro11 a distant storm couto•ed to the general pi.otu.re derived. 

• to:,.i it. tn the gene:rat analysis of first strokes, six types o; 

classes have be~n .a.dopteci» • and Figure 2 ir.uUcates the gene,..al 

tom of the record tor eaoh olaes. 

The di.at~ibutitlll ot thele elx typee over the 65 recot:da ta 

shou tn Table IV, 

Type °' 2? ' 

~e {',> 13 
> 

T:r.Pe 0 2 I 

Ty,pe s 5 

tne "D 13 \ Type J) al 6 



SiuOe th& Type ol is the most CQ1$«n1' ti,,·. o:t· firf&t etroke 
'. "·' 

, • 
11 

• ' , • '. • • l • 1• ·'· • "· • l : ' > ·. ~"' • ·, · • ',f ,, ' · · j, _ . . • • • j 

occurring in the taajori ty .0£ eases; it tr1ite·t' ,"l>e 4011~ict~~et1 •· " 
• • ' _, ' \ • • , ' • ' ' · -· • ' ~ ' · : - • , • I . : , ; ' •. 

a.a the no~ type of osoillograph • re()<>~d fOt 11, t~r~:~. Stroke 
• I ' 

1
• ' • ' 111 • ', '; t \ ' ' 

t'Hm a tla.eh o ccutrlng near ·the :recoJNJ.i·ng Ins tru.ment_~ ~. · , 

analysis of th'e oscillegra.pb. record.a ~t all first tat"ke·•· ot 
. ' ' . ~ . • ' .... 

• this type should tht!fe:f'ere ,proVid'3 a $&tJ,ll8 of ¢orrelating 
. ' • • ' 

the ,oaoillograph reoot.41 W1 tll.· the general ;pic~ture ·Of the 
' ' . ' ' ' ' - ' . . : \ ~ . . • . . 
, , . . . I .. 

fi.~ttt str&ke a.a deri'Ved, trctm ~e BoJS t <=a&J!el"a pl:t.otoe;ra.pb.$. ' 
' . 

Reference will be .m-.de latei- \o the otll.er tn,es of f~rst 
. ! ' ' • 

,. . : • 

will be mad.e to expla1a their dt·T~rgeriee from the lnain (){. 

tne. 
', 

·1'h.e, diagra ot th~ fype « firs~ itroke in Figg.re 2 has . •' 
• ' '.. ' ' '. 

baen utilised tt indi~te th~ various 411a.nt1 ttes tor. wlU,oh 

.meas'tu"eatnta nave been obtaillf.iid. trom .the osctllogra,ph 

l"eoo·rds. The ·•e·su.1 ts trolri these· meaau,.a.ents ha.11'~ bee-:r1 uaed 

in. a .ettt.tlttioal a.naJ.,sts ot the vario'ila qua.ntitiea. 
·' I 

' ' ' 

The ieuer procese i:n a fit-st a·troke is a stepped 
' ' 

pt'oc,uui:, &.nd nenae 1 t• effective 'V'eloci ty ie co11aidera.l)l7 
• . ' ' ' '. ' ' " ' '' ) . 

less tbt:t.n the actual velo¢ity of thet streamer »ro<iu41ng 

ea.ch step. The t1me ti will reprei:uta t ~e total ~i:rae 

<>ccu~ifd by the leader process .• 

It will be :raeJn:bered. that. 111 the actual ,PhOW$raphio 

• proc•eas ot recording the tluctuationa of the ()l!cillogJ:".aph 

spot; a maak was tntroduced in f.rorit of the f.>SC1llograph 

screen to avoid· fogging the .fllm. AD:3· detlectton of the 

spot would mean tha.t the spot muat be deflected beyond the 

ma.sk befo:tt its trace was registered <>n the film. An 



pamination of the .films ehows that the width .pf thi.s blank 

aire:ui or1 the f1.1m due to the ma.sk was on the average o. 2: m~•• • 

Hence, when •eaeurementt1 .are :ma.de on tht films, it is necess­

ary to make .!lllo..,ce tor tME1 mask etteot, and. tht.e is d.911~ 

by th,e addition 0£ 0.1 a .. m. to ·a.tt:f •eauur«cnent lnade • fro• the 
• " ' ' 

Tlie·mask effect will ·affect the·v~u.es of t1, in,t~t the, 

a..ctual length ntea.eured. on the film. of the. recorded leader tJ:"ace 
: i' 

the fol10\fing 0011atd:ert1tione.-

It Jna.y ·be a.at1U11e<l a.8 an appt-oximattoti tha:t tli\e: slow l~ader 

w~1t· ·,1ve • 1a. parabolt•c tr~ce on the tllm ,. fhe v-1.td:i ty- of this 
: .~ ' , ,. 

aasumptf.ob i.$ CO?.l$1d,e~ed la.te.-. 

Hence· ft ma.,, b~ ase\Ulted that d : k. t 2 •· and tha.t d.. is 

' mea.su.r&i ·:1n 0.1. ,n.m .. , · 

t-, .. - ti -

t"" fd.,-t--1 

l:' I 

l 
---)1' 

I 

Appl;ying • thi e 40;r6~tion to tlle measured: values of tl,. 

obta.ine:d from the ttiaa.1 we obtain the dtstri;bution curve for 



. . 
I • !-. I' ; .·' • •; ~ • ~ 3 ,(.. ' 

Tht Values of t1 range from. 2-.86 x l.O second 
•· . . • -~ ' ·I· . 

to 38i 3? x 10 s~oond ·wt tlt a most probable value Of 
••• ' '... ,. l' ,: ~- • . . • 

aboa,t: 18 z 10 .. ee~on:d, 

· 'the ana.J.yiis of the Bova• cuu~~a has shotm. the 

etteotive Yeloc1-ties or ·stepped. leaders. fhe mean 
. :· ~ ~ ~ . . • - r,.. : . • )• •• ' • ·_. • ' 

value to giv$tt $8 s.a it 10' :c1ns/ae1.t-,· alt.hough it .ts 

pointed oQt. that about --half the -values lit:i'ted lie· 

between l,.:~ • ·eind s,o .x 10•7, ems/sec. r11'e aost ptc.bable 

length of ttme ten:· the stepped leader· to traverse 
.. 3 

l Kilome'tt-e ot air i.e a~veri at '1 _.g 10 . sec., the 
\· • • • ' '. ' ·, • • ,.· •• > • - ., • ·, . • -3 • 

ra.nge be1~ tr<nn 10 a J.O to• o. s x lO • eecond.. It 

' ' . • . . 

3 Kllom.etres. these flgulfes would give a moat probable • 

val.u~f'Qtt t1 ot 21 x l.Q -J sec.• with a. range froa 
• .. ··.• .. -3 . . . . ... · -3 30 ~ 20 to 2. 4 x 10 • •Se(t. 

the asreemant between· the two seta ot i-ecords 1,, 

~\1tftctently·olo1e, it tt be remembered th.at both 

inveattgatiGns a,re deal.tug with a·co~;pal"a.tlvelt small 
' ' ' . . . . 

nutabei- ot fla.sbee, Eind·th.at·the value of ti will 

depeRd on the length ot :the flash.· 



:r:rus _ FOR Tmn LEAl>ER. Pnoo:ma.s. Ili . suBs:m9iuEBT _ STRoKEs. 

The original ana.11.sis of th& oseillogra,Ph r-e.cords . 

eh~wtd 65 tlathes classified as ground tie.she&. lt from 

these be exclud.ed all re.cord& ot dts!apt tlaehesa whe1"e 

the ltader p.rooeat t_ime i~ ~tfficult to determine f"rom 

the ~ecorde, a.ad all flashes ~onslsting raf a single stroke, 

it is found_ that the' to\al .number of auban>quent stro.kes 

_ available to.1: analysis is 20?. 

The examinaticn of tht osetl.logra.ph rec~rds of these 

su'baeqµent strokes, as·tar aa leader ~ecords are concerned, 

• indicates .that on 7-3 ()f them th& lea.del." is not reeorded, 
,_ ' • ' ' " - - . ' ., - . 

. . ' • . . . • 

wiu,reas, on the t~atning records, the 1fader· times are 

<ttstributed a~ indicated in fable V, 

In ~onsidering tne results recorded. .in this table 
\ • '. • • • ' ' f ! ' ' . . ' ~ ' ' 

- certain factor• ~!Jt b-e bca·ne in mtn4. In the .first place, 
1·,. •' • 

as ha.$ previou,1r b~en pointed out. there le the poeaib1li_ty 

that two or lilt.re 1'lashes1 With a bhort time interval between 
I • ' . • • I • •, •, •• ' • • 

them; .PGsti bly. t1:9a .4J.fterent thuttderclouda, have been 
,, .... ,, . ' . . . •. ' 

,«,la.as:tf.i.e4 together ·as a· single flash-. _ 1.t might be tho~~t 

that the eteppad., na.tu·,e of f11!'St stroke lea.de:rs would pre• 
,; , . • . ' ,· ' " ' . , . 

In addition 1 t imuit b~ remembered ~t the Boye• eamera 

photographs ha.Ve shown tha.t certain ot the dart lea4eirs, 
' l ' ~ • • 

. eepeci$1ly on long leaa.ers and with a long interval p.re"" 

cedini the etroke, become. stepped tow~rds their end.a; so 

~hat the presence of ripple indications on the latter 

porti_on _of a leader ~r~oe would. _not necessarily 1n4i ca te 

that it was a first stroke leader. This might very well 

afford one explanation ct certain of the long leader ti11ee 



tor subsequent s traltes appea1:1ng in the table. 

In the second place 1 t will be remembe~_ed, that the e. 
. ' • 

effect of the znaf.tk over the osc1llogitaph soeeen resul te tn. 

the first portion of' the lead.er trace maJ.dng no record on 

the tilm.. It the t1el.d change at the aerial assoeta:te4 

w1 th the ·lead.er p.i-ocesa bt slnall, and it !e us11all1 smaller 

in subr;1equetitt strokes than in tiYet strokes, it may·f~i1 to 

. be reQorded on the film. ~is .mar very well afford one 

explanatioh of the '1:5 records which coaataln no leader trace. 

In adcUtiob. it may. be i,ointed out that. Table V includes 

the results from all the records e%aa1nett. Some of these 

are by 110 means good records photograpb,ical.ly, and. .matJ7 of 

the abnormal valuea appearing in the table ma.y be attributed 

to. poor records, • They have been triclu.cled tn. the table for 

the sake o:r colilpletenees, wt tn 4:ra.wing eonclusior.ui troa . 

the table they a:na,· be largely dtsoounted. 

) 



'l' ABLE V. 

DISTRIBUTION OF LF...ADER. TlllES (ti) FOB. SUBSEQUDT, STROKES. 

Duration in 10·4 sec. lfwaber ot St~okes. 

No Leadel" Recorded 73 

Fl"olD 0 to 2.5 13 

" 2.5 ft 5 20 

" 5 a '1. 5 11 
, 

" 'l. 6 .. 10 9 

ti 10 ti 15 6 

II 15 • 20 7 

.. 20 • 25 4 

ff 25 fl 30 4 

• 30 ft 35 4 

ft ~5 II 40 2 

" 40 " 45 e 
• 45 tt 50 5 

ti 50 • 60 7 

" 60 If 70 5 

• 70 • 80 2 

n ao " 90 4 

n 90 • 100 7 

fl 100 11 120 8 

n 120 • 150 5 

" 150 " 180 3 

Greater th&n 180 2 



RESULTS Olr ANALYSIS QF t1 • ~IMES ~B. S"fJBSEQUENT STRO!CIDS • 

. Fro~ the . rtelil tf:I "eco;,cltd in Tabl.e . V . i ~ .. ~8.1 l>_e e,en 

that the duration of .the_ let\4.e,r prooee$ tn, qttbaequent 
' • . • " ' ·- ,-, .. ; '' 

strokes, . where .such a _proo.ess i.e recorded.: o~ the. oac:U.10 .. • , • 
. - .. - .- ' ' • ' ,' . - '. . ' 

. . . . . _,. . ,•, . 4 
graph ti~• covers ~- -rang• from l x 10 .. eeo. to _240 x 1.0· 

,, ' . ,. , . ·' . 

sec.• wt th $ mea.r1 .value ·or 2/1 :x:. 10•4 set., and a. most 
,',. . . ' ' - . . - ,. ' . 

probable value in tlle ~eighbo11l"ho~d ot JS K _10•
4 

a,u,. 

Sohonland, Kala.rt '¥14 Oollenth .tn tb.•ir analysis of the 

Boy.s•. camera reoorde, giY~.a table sh.owing the d.tstrioution 

of dart•J.ea.dei- ve1o,ct tiea. Th.tis t·a.ble #h<>we these veloc• 

i ti etJ. to J:~le f:t'$Dl 1 -~ 10 8. C?nl.l/ Sec• . to 23 X 10 S -.ns/ sec• t 
' ' ' . '. ', : 

"1th. a.me~ Yelooity o:~ 5.5 x 108 0.1111/s~o. a.n4 a. most 
• > 

;probable V'lllue·9:t ax 108 mns/seo. Aes\1Dl1ng a ~r~ck lenetb. 
' . ; 

Of 3cltllcmetres (Probal)lJ an .Unde1"$St1-te. ot the actu-1, 

length. ot tht average path) these tisurea would gi-te, as·· 
' ,• I , , '., .. ! ' , , • 

the duration ot th$ lead.et tQ a. subse4uent st,:olce·• a range • 
• • • ' • 1 ' 

.from 1 • .a lt .10·4 see. to ao x 10 .. 4 se~. with a mean duration 

ot 5.45 x 10""4 sec ... • a.n(i a moat probable <htra.tion of 

15 & .l.o""4 • sec. 

1'13.e .:fact that the cotrelatiott between the osoillogra;ph 

result.a and the l3oye 1 eamera results is not as striking a.a , 

in tlle ~e;ee of f'irat :stroke le&d.~ra hae alread.y be·en 1'1 soaie 

meaeu.ra explaine4,, and was to be dpectecl. the results 
I • 

a.re of the ,correct oi:-deJ', a.tld ~ltarlJ indicate that th_e 

leader pN:Oi!sta to a. subsequent stroke is ot much $b;o.:rter 

duration than that to a tt""Bt etroke. • A cot11pa.riaon between 

fa.bl& v and Ftgu.re 4 maltee ·this ol.ea.r .• • 

• 



TIMES OF THE RETURN STROKE PROCESS (t2) 

The return stroke ts associated· with the dest.ruction 

of the charge lowered 1n· tll.e l(::a.det process, and takes 

pla.ct i-nuned.iatel.y a cond\icttng pa.th ~o ea.r~h ie es-ta.bliahed. 

In compat•ieon with the ·reader process .in first strokes; 

it is very ra.pid, an~ tltts b.rit1gs t2 v~r,y neul.7 w1 thin the 

ord.&» :of ·thEf resolving po.-er in time of the oseil.lograph 

reoord1:;. • Tid.e• as has been noted. previously, is a.bout 75 

mi.cro-secotlde.. Where it has been pos1,dble. the valu.e of 

. t2 on the ostt111ogt-aph • records has been determined. and the 

d1st,r1buti()n curv~ tor t2 for type ar: t.trst strokes is shown 

in Fisn.re 5. 



. The valt.t.es of. t2 range fi:-om 86 .:rnicro ... aeconds to 

48'7 m.icro-seeonda, w:i th a Jflost probable. -ra.lu.e Qf 165 
•• !· '.• • : • ' ' ,, ' . ' 

,, ' . 
mlc::to-eecond.e .• 

I. • > • 

T.t).e an~lysi:s of the Boys' -~am.era records shows the 

vele.~ittes. in the main'retu,.n strokes wtt.h a ·range <>f . 
'' ' ' • _; 

variaiiott ot troJn. 2.0 to 14.4 it 109 ams/aec, with a tno~t 
·- ' • ! • . •• ' • ' . • • . 

1req~!nt va.lU(! of ·s. 5 x 109 cms/aeo, A.aawn.tng, t:or the 

pu~os~s of comparison, a rretilrn stroke of' let1gth a 
' • ' \ '; -, • ·,·· ' • ' 

" 
roi: t2 of 86 micro-seoonds,. with a range Qf variation of 

• ' • ' ' • l ' 

. . . • 

. troia 21 micro-seconds to 150 micro-seconds .. 
' ' • 

.Uthough the agr~em.ent t~ the valuee of t2 :f'rom. the 

two .m$thods ts not very oloaet it is of the corfec t order• 

and,· bearing in mind the. r~oolvlng power of ihe type o.t 

oacill:Og:r.-aph employed, ttlQre ea.nno t be expteted. In addi t1on 

it .is inttreating to note that the oseillograph records 

indicate higher vaJ.ue:e for t 2 than .those C>bta.inecl from the 
. . 

Boys• c•era.. .Tne Boys,: camera.• h~wever1 only recor(ls 

tht me.in 1t:roke• 1n the air beneath the . cloud, and the recox-d. 

ceat:H~s inunedia.tely the ,1ouc1. •• 1s reached. There is no 

~ta.eon 10 • trap:pose, how~ver. • that the ma.~n. re.turn stroke . , 

does not penetrate tnt~ the cloud,· and any such penett-ait1on•• 

while :i.t will not be ·recorde'd. on the came~a photogr~ph, will\ 

affect the oseillogra.ph record. Thus .tt is natural to expect 

that the valu.e or t2 fr~m the oscillog.ra:ph. :record will tn 

. general .be higher than t~t d.edl.lced trQm the J3oys • caineJ;.'a 

record,· 



ffiEQREi'J'.CIQ, COl1SIDERATIO?l, O,F THE LEADER . PROCESS. 

, 
• As a. tirst approximation the downward 1110,ring leader may be 

con.side:red. a.a .moving from cloud to earth in a verti()al ltne 

with cons taut velocity v cma/aec. such a il"toess will eharge 

a length. of chQ.nnel. of radius R., the channel: ending in a tip 

of radius :e .. 

l.R 

At. a.ny moment the whole channel will nc>t- be at unif'orm 

potential., ein.ce there mu.st. be a fall of potential along jte 

length.. Hence the charge per unit l.,engtb.. i& not qonstant., but• 

decreases as the distance ftom the cloud increa.ses. The essen•· 

tial. condition 1·0:r the leade.t' to advance ie that the ori ttcal 

breakdown field must be maintained 1r1 front or the tip, Hence, 

the ra.diua of the tip· must be such as to provtde t?iia critical . 

. :field., The ~haunel radius•:· on the other hand, will ine:i;;-ea.ae 

until. it reaehee such a value that the field at the sid·es o:t 

the channel is leas than th.is Q~i tical breakdown field., As a 

fir•st. approximation •. however, "k7e may assume an average eliarge 

per unit length on the oha11nel of q,. with a charge Q, on the 

tip •. 

The conduction ourl:'ent, from the cloud flowing along the , , 

channel will t.r1.en. be <tV ,r since. the channel increase_s in_ ltingth 

• b7 v. ClrlB.-., each second .. , The convection ourre.nt ca.rried by the 

eha.rge Q, on the. tip ma.y be o btalned by •OQn&tdering the charge 

Q. carried on a l:ene;th r • of the tip... This pas a ea any pJ.a.ne 

perpendi·cular to the Oha.nnel direction in. a. time r/v a&e., 

Henoe ·the convection curreri.t, w;,i.ll be fiv/r.,. 

Equating the conduction and convection curreats we have ,,.,. 

Jow the radius of the tip, r • muat lie between 0~1 cm. 
and 10 ems., hence Q and q a.re of the same ore.er.. Stnce 

the total length of the channel is in general of tlie order of 



. 10° oms. 11 the charge on the 'biPt Q , ia negligible ~n oompat-­

tson with· tbe total obarge on the channel. Hence any effett . 

wllich the charge Q, may ha.Ye on the eleotr.i.c field during tb.e 

l.ea.der PfOCGflS;lnay be diatega.rded. 

Suppose the effective height of the cloud bs h1• 

At a time t after tl1e eta.rt· of the leader prooess the channel 

w1J.l be <is.rr7ins a total cha.rge q-v-t at a mean height abPVI 

the ground of (111 • ¼vt). 

The moment of this ltader charge i~ 2qvt (h1 ~. ¼vt) 

The field produced at a paint (Jn the ground a d.1$tan-ce L 

from the poin·t vertically under the leader will be 

2qv-t (hl .. ~t) 

2qvt (h1 :• ¼1't) 

Lt, 
if li ts ver1 much grea.t~lt ·than 

• 1 h1• 

ground• a.nd then produced • f1$ld at this potnt 

2qvth1 

B:$nee the .field change after a. time t due to the .leader 

procesfi will be 

qv2t2 

1'3 

(poet tive it q • 
be. neg$t1ve) . 

If we atsume a.s a tii"iat a,;pproximation that. for a par,ticular 

lead.er, q_, v and L a.re constant, a.1 :-=, tt2• Thus the form 

ta.ken by· the oacil.logra.ph record ef such a lead.e'!' pl"Otess will 

be a pa.ra.boltc curve concav& upwa.rd.5. Fol" first leaders v must 

be ta.keti as ,he etteotive veloei ty of the downward move1TJ.ent; and. 

for subsequent leaders it will b& the actual velocity o:r' the <ta.rt 

The oscill.ograpb records snow the t.l"aoe of the leader· field cha.us 

on the f1lrns tollowintt this p~rabol(o curve in t:ertain oases. 



,:'HE l.JWl1ffl PROCESS IN .JIRST STROKES. 

The Boys• camera records have eho'11tl that the leader 

process in the first stroke of a tlaeh ie executed d1acon­

tinuously, at intervals of from 96 micro-seconds to 16 micro­

seconds. The actual value of v while a step 1e 1n progreae 

is very high, about 5 z: 109 cms/aec., so that the change in 

moment due to the step takes ple.oo in a very ehort interval 

of time. Between consecutive stops in the leader process 

there is o pe.uoo. 

A E· 4 B. 

I 

C. E. I TI. 
I 

I 

~o changes in the Electrostatic field (E8 ) due to the 

leader ~rocess me.y be represented graphically as in Figure A. 

With ra.pid changes of this type taking place in E8 , they 

will involve consequent changea in E1 and Er• and these may 

be represented graphically as in Figures Band C reapect.ively. 



fb.e relative -.11.ttud.es ef Et . end. Er: wtl.l dep(iu4 

on the d.iataiaoe ot • th.e oac:111.osraph. from the tl.aelt.. From 

the general •qua.ti.on fer~ tl'te. t!.f)l.d ~ll~se .. 
• • • I s!J!L' l d_ l- (l'l 

··-E . ::. . ~~. \"\. + -C ¥,.: • ell:' - + ( '--f.~ '· c\:t"'J. .• , • r , " 

it ts clear tlui.t the ra·tiP o:t the aoaJ..e .of -~fdi..utes ot :Jl: ·' .. 
. ' . 

to A wtll.
1 

&norea&e ltne~l1 Wi lb 4t«rtan4e,. .tt.tt.4 .that Qf,: Q to' • • 
• . . . ' ' • ' ~· 

A rill .t.no~ease e.s tlle sqti$f~ ~t ~,. 4J.,\~t& .•.. Ftll\:r& .D. • • 

gl.:vea a potistb1.e tombUaation et E8 , it $Iii'. '.E!r• . ' . . , , .. --, 

~ the sbttV'·e considerat1i)ij$ :i.t Jr$¥ bf. pe>inte4 Qttt .. 

that th~ oaoil10.g2ra;ph. tta~e of.~ tS.rrst 1.e.ade:r will be. tuch 

that'. the r~atll~it tiJpl.e i• llkely to be ~l Ol' 4bt\J$llt ·QA • 

• near :tla.shes; and l:.e.rgt· ~n ttetar.,.t_ flashcu1. 1Ni-th&1:,.·.w1\b; 

a near tlasb. E1 mar b_e a.,ectei tQ· exote4 :ml.' itt etf$e$• at14_ 

thUI th.eel.ea.de): tippla 1:1hould eh.ow »ul,s:ee 1s.tn~r· than nY•t• 

• '1'1:le l()V teaolv.ing powet of the o~oi11t,tp-aph •».loyed t,;a • 

th~ pi:eaetit $.nvestl~tttn Jteelu.dts a tul.1 exwnati<ui ot 41 
the po tnte itrtolved in tht t1el.,d c~g(as .due to tlle I tGppod · 

lead.er pro~ees,. . It is 10.ssil>l.e, howeve:r, 911 a 3004 ~Qttg~io 

re:co:.4 ot a t$.ret l&adt:r, to detect the presren•e ot ~ippJ.:$ 

on the leadex- trace, and to -ca.\~laie. tm.e trequ.eney Qt Ille 

ripple. ln·the n•t section the reeulta trom $'U.® au· 

u:aminatton ~t tnd.1catt4. Foti w, p.u.Qoff;S the"'"e ~ve· \>ee,i 

included .f.n the •aalnation all reeo:rds a•atlabl-t ,of bc:rtb. 

1)pe °' and. Tl,Pe f t1ra,t a.tJl'Olce$ on whioh aea.su.t-emtntei c>~ the 

ripple ooul.4 be .ma.a.•. 



TABLE VI. 

MEABtTBEMENTS ON FIRST LEADER RIPPLE. 

Suita- Length :number Average Ripple Amplitude as 
bility of film ot Ripple compared w1 th total 
for on which W.pplee Frequ• electroetatic field 

FLASH TYPE Idpple ripples Counted ency change due to flash. 
meaau- were 
rement counted 

0.1 m.m. X 103 .Mean Peak • 

J.2 « s.p. 17 10 6.8 - -
J.3 o{ p. 30 21 a.1 - -
J.5 f s.p. 21 13 7.1 - -
R,l cl.. t. 18 14 7.? 0.106 0.368 

R.2 K g. 30 34 11.3 0.157 0.684 

x.1 ol. e.p. 21 17 10.a 0.138 0.482 

X.3 ~ f. 35 32 12.2 0.025 0.123 

Y.l t, f. 30 26 11.1 0.034 0.171 

z.2 r g. 48 40 11.1 0.067 0.19Q 

Z.3 ol. a.p. 14 11 10.6 0.05 0.1 

A.L.2 /3 a.p. 15 ll 9.8 - -
A.P.l I' g. 35 31 ll.8 3.6 12.6 

A.Q,.l /3 s. 39 30 10.2 0.147 0.363 

A.Q.2 (3 g. 24 22 12.2 0.121 o.525 

A.Q.3 ~ t. 69. 42 9.5 o.o3a 0.165 

A.R.2 t'I.. P• 21 16 10.1 0.094 o.25 

A.R.4 o( p. 49 36 9.8 0.056 0.22 

A.S.2 t· P• 22 16 9.1 0.16 1.69 



' 

!EAffl)llEMENTS 'Olf. FIRST LEADER . RIPPlJl, 

Tal>le VI giYes the reaul ts et 11ea.en1re11ents ma.dt on ... 

the ~aci1lograph reodtds of tirst str<:>lte's which show l~a~er, 

ripple With autflcient. d.ietinotness. to -~l9w ot m_e$eni:1eiae.11ta 

being .lnad&. 

mhe a,mbol.$ in Ctll.UID. 3 h~Y& the toll.otr.tng m~eariings~·­

poo:r reco'rd with $0)116 po».-tions only ha.Vi,llS 8. 
susp1<,ton .. ot, ripp:Le .• 

:tatr • 
• 
good.. 

lt will b6: noticed that Colwnae 4 and & have been 

CGm;pil~d w~en ·working at the l1mtt ot the 'resolving 1owe:r, 
' 11 \ . , j, I; I • 

and h&nce the reault$ fan otU.u be relied ·Qn to turniish an. 
1 /, 

oi-4e1 of magni tud.e • 
. ,W \ \. C • :, J• < f ,, • "/; 

Certr:1,ln ,ot the. records are elassified as gooci, Md, it 
' 4 ( 1' ~ , ' 

these ·alone be eonsid~red, tner give a mt£U'l -val.ue tor the 

tipple 'trequenoy of 1;.3 & 103.~ • This JiesuJ. t 'tu:ea ·the . 
. ,· 

averag6 time' interval b'etween eu•oessive steps in, the lead.er 

process r:it 88., 5 r.nic~o•GtOOlld.8• • '1:t the resul ti fJ.-OlR tbe 
, . -r _ . _ , . , _ • ,· '· _r _, , t • .• 

poorer filbls he J.nelud,ed, they tend to decrease tbe average 
• i • ' • 

ripple ·:rr&que11~1, and hence to· !n~reaee tUi~{ average t~e 

inten.al between 8UCC(U\IS1'V'e steps. As ha.a 'li'een m~n.tioned . 

above, 'the oscillograph,· whe?t ,:eqorciing these fiU'a. c:hanses 

. d.tie to ;the le-.der ate»s• ie wo::rlc1ng at the.l~:mit .cft it~ 

wri til'lS speed on the ftlttlt henQe the tendency Wil.I be for 

tht til:m . record. to fail to rec&rd eertaJ.n ·ot the nateps "• 

especially i.t the ainplt tude be lal"ge. Thus the nwab•u· of 

~1pples counted tn a given.length ot film track will alwqe 

tend to be less than the actual num:l>ex- of sudden t'ielc:l 

eha;nges oco~rr1ng ovei, that interval of time, and progress­

ively lees the poorer the t:llm record. It .is therefore 

sate to assume that tht- above figure ,of as. 5 m..tcro-eeconds 

for the a'tera.ge timt ;tnterfal between successive first ieacier 

steps ie too htgh, and the )nea.1911.rements shown tn Table VI 



• the time intervals l>etweett the. end$ qt $'1Cte•~i•• .e.:;eps .. · 
i . • : • ' , ' ~• ' ' r , ' • ' '. ' • • ~ ~ 

1n the steppedcleacler Pt90&ss as d.e1"1Ved trom #leasu:rer,n.ents , , 
• • ,. ' ~ • \ .. ,, , ' : '.' ' ,, .·. • ' , " • . •• ' • ,' ! ·.: , : • ; •• "' ·, ·,,' ': ~ '# .. • • 

m~de on the Bogst e•e-ra photogra»h•• •• Thuai :fol." a .Pall'~~~·· 
' . ~ ' ' . , ' . ·. . ' '· • . 

: .. ~ 

ulU,!'lJ' clear ;ghotogre.ph o:t a. stepped l,eadeJi' {lf].uf.t. .Ve)· 
' '.· • • ' '., . . 

achonland•· Malan and Collette giv,e th$ value~ o.t, these 
; \ t ;•: • I•• • '.' ,. • • •• , ' 

~ . I . • 

1nte,:,vals ae va.eyh1g ·t!'om 96 mioi-o•aeconds te> 16 mie:to• . 

eecond.s, · 1ttth a aea.n value of 52 mtcro-s•conds. • 

It ia .na~ral t& .bwestlgate the question of the 

• o.ecurrence of th1a leader tipple on every ti.rat stroke· 
' ' 

record.• From tla$ theo:ry ot leader propagatlo~ this· ,hou.14 . . ' 

be the oa.se. Th~ tillns have been c101el7 uamined in • tlu.~l 

respect, a.n'd on the maJori ty ot the records ot ttist at~oke 
' 

leaders the ir1Jp1e tan be discerned. Irt certain ca.see it' 

ia a meie, dteoontlmti'tf in the t11m trace; tiUt• when ~h$' 

ltmite of reso1u.tion <>f the pretent· .method a.'l'e eonald.arecl~ 

1.t is. sat.e to a.e.sumf9 that $\4th :ripple does e-nst on all 

leaders to fil'st, s't;rokee~ • • 



• FIELD ,, QWGl!lS . ASSOpIA1'.ED. ··!Ifll ,TOR;fUO§lff Olf :LlWmR, 

CRAllN'EL,.,_ 

• Ii, 1s • noceasa:ry to OQnsider the eff.e~t· on th• t:Jl"&Oe pror· 
d.uced on the oso1llogra.ph. re.cor'1 by the lea.tier prooest • ~f a~ 

sud.den cahange i.n the ~1rectien of. the dQvmwa.rd. mov~ng .J.e&d~'t'~·" ,. 

An exa.m.ina.taon or the pho togra»hic ·reoor.da of lightning flashes 
• • . . . 

:tntUcat~a that the pa.th followed by a. flash ia not the sti-aight 

'fertieal-line between cloud and ea.rth that was aseurned.·as a 

ti;ist o.pprox;lmati.on when the co.ae of· the lea.de? tQ a.· :rirst 

stroke' we.~ conaidered. In practice the ionieed pa.th Whieh the. 

·iee.<t~r· proceas esta:b1iahes is umially a tortuous pa.th tn space. 

tn the ·first place· ·the ca.se of a. straight ohannelf ·bU.t, 

in~lined at an angle i to the vertical,· may be eoneitered. 

As! bof_or(h• a constant tra.ok veloei ty, v , will ·be asaumed,,, 

wt tn a. ohanriel. charge q pe.r unit· length., 
. ' 

After a time t the· channel w1ll carry a che,rge q~t· at an 

efifa~titre ht1ght 111 • ,l-vt.Cos e 
Rene$ the, change of. moment in, the .ti,ne . :t < will be 

2qvt.•hi ..:. 2q,~t., (h1 •· ½-vt.Ooe g) 1..:(a•' 1vr2t 2 .cos Q., 

And. the field cb.a.nse .at .a. po:.h1t su¢h the;t, L is -re,:-1 much 

fbX'$a.tez- tlaan. hl will be. gi.v:e11 b;~ 

q,r2t 2 .-coa Q 

L3 

Thia ~,expreaaion., wlltch ho,lds .a.a loag a.a iQ is coaetant, 
', ,, 

the, leader p·root.lss-,1 the cnannel 'be horizontal. 
' ' 

• 'I'hen Cos @'' ·-=- o , 

d1 :. O.· 

Hence it:' the leader to an)' flash start with a long h.ol!'.teon,ai 

• portion,• this. will ~a.ve. no et'fect on the oscillograph, an~t· 
as far a.a tb.e oactllograph :record is conoer:ned, the leader 

will only .appear to co:tt1111ence at the time tna t tile actual lea.de~ 

hat co~pl,eted the 'horizontal portion of 1 ts path and begine its 

verti<;al path. Thus tot a. leader of: thil1 type the :1ead.er • titn,e 

ti 



. ( ~1). ae indicated by the oaclllogr.a.»h tecord w-ill be, ... 

shorter than th·e • actual. .t\u.~ation of tlie leader obta.il!le,cl 
. . . . ' . . ~ 

ttom mt!!a.sl.l:J:'6ments <>t a lloys • oamer-a reQotd. ot the fl.a.nu.. . . .. ~ ' . • 

A:n uandnatian .of a number &t photographic r~corda ~t 

llghtato.g tle.shte in,,U.catts that this tu)ndi tit>n, a <m~el 

with a herisonttill. top, is SU:f'fici&ntly ftequent _to l'Aa.ke . : 

the average time of du~a.tion of tl'le. l.eade~ p.roCeit obtained 

from ·an at1altsis 0f the oscil1o[l2:"aph itecorde appr&:e1a.blJ 

1ese than the tJame· quanti t1 o.bta.ined ttQII. an &.t1al;vsis of the 

Boyt t •ea.mer£!. records. tn tnis ·conneatf.on it te iateiesting 

to r•ev:ibe:r tne. resul.te obtained from the an~ysts of the 

l.ead.e; »roeess tti11ea ot su'bsequ~nt atroke!e ·obtai:ne4 from the 

oa~tllogl:'a.ph records. 1b.ese :lndica.t&t1 tllat tlie tUn,ee th14a 

o bta.ined were in general lese ·t.ha.n: those obtained by • 

Schohland.. Ma.la~ and Celi ens fro10. the '.Boys' o•er8' reoo~da. 

In the next Jla4e the case ll'lay be .considered wh.et-e tbe 
" ' • 

. lead.e·:t ~el 4&velopj. ve'"ti:eall,y tor a ·. timte t ,i and ~e~ 

• t:r.-avels in .a direction inclined at an angle Q to tiae vertical 

for a titt1:e t1 .. • • 

JD.'&ki:ng the tame aaswnptiona as before ae to trattk .. · .. '. ' 

-veloci ti and chamiel charge:, a.tter a time ( t + t1 ) the 

charge Gn the eba:rtn$l 1'111-be 

qitt ~t an ~ftec;t:lve height (h1 • tvt) 

plus q.vt1 at an effeettve he.tght {h1 - vt • • ,tvt1 Cos Q) 

Menee the change of motn.ent :hi a. time ( t + ti } w1ll be 

2qv(t +- t1)h1 • (sqvt{:ti1 ... ½vt) +- 2qvi1(h:i • vt • ½-v-~1oos ill 

1.e. gv2(t2 +- 2t.t1 + tf .Cos &). 

And the ttel.d t~se at a p~tnt sueh that L :t.s ve-,q rntu:h. 

g~·eate: than ll,l will \li$ 

.~vB(t2 + 211. t 1 + tf.coG i) 

z..S 



Thut th~ change Q in the direction of the leader channel 

only .affects the last tem 1n the expre1u,1on ten: 41• 

If t1 , be ama.11 • J.n com,pa.i-tson with 1- ;_ then.. even_ 1f the• 

turn be horisontal., S(.) that cos Q is .ueJ:if• tllJ;e wlll _ ~e, 

no p~c:ti,cal. ditfer~nee to d1 . as long ao it doea not last 

for aft appreciable time • 

.' , " Suppose• howev·er, that tl. ie equal to t I a.nd. at the 

~ame tt~e the turn. be ,b.G-rl1ontal, eo tb.a:t: 0013 9 ts terQ • 

. _Then the lield changti! in ttma. 2\ With no horiB1ntal tun 

4q'f'2t2 

¾ ~- · 1l1 

• • And. 'the field change 1n time 2t wt th the .horUs$ntal turn 

3qv2t2 

clJ. ~ , 5 
L 

41 -.. :. 
41 

Since, however,;, the ehar!ge du.e to the b.or.iaonteJ. turn 

only occurs after a time .t , the poei tion will bt 

~e fi.tld enange in th$ time t to 2t with, no h0:r.tzont$1 tutl'n 

will be ,4q:,2, 2 q~2 t 2 Sqv~t2 

-;r.,& . L3 L3 

The field. change tn the time 

• wil..l . be 3q1'2t2 t'f'2t2 · • 
.. 

1l1 L3 

t ti 

- ' -
2t \Yi th the horiaontal. 

• 2qv2t2 

1}> 

• I 

Th.ts • stvee the t-atio • tor the time t to 21; 

tu.rn 

No•· 1 t ha• b&en shon pt:~vtouoly that, • fo-,: a leader 

tra.velli~g along a vet'tica1 traok, the graph <>f' 41 with ti111e 

was a 'pa.r~bola, ' 'lh.6 ,baae Just 001'U1ideted becomes elear from 

·the folloWing f'igure. 



C' .),(.-. 

'. ' • 
The· ¢U.1'1'e tent a.1 b~tween'. t a.nd. at has a constant el.ope 

whose. val.u,e depend.a on the tfuae dur.tng whicl,. ·the hol"izonta.l 

P•th exists. T.b.ua it the 1'erti.cal cha.nn.el makes 'Gbe 

ho:rizontal tu:rn at the time t, the ostillograJh trace at 

the point A w!ll follow the $1;,;atgb.t line AB, whereal$, with 

.no turn 1.n the lea.d~r tna.nnel1 the o$01llog~e,pb trace \fill 

tollow the parabolte cun& AO. 1, i'f! clear tron1 the tigu.i-e 

that the •change of dirteetion in the ¢harlne1 will. gtve :.no 

abrupt thange ot a1ope at the potnt A. tn the oeoillograpb. 

trace. Sb.-oul.4 any such abrupt change J.n the slope of the 

cun·e h~ve- occurred·, 1 t ts .clear tna.t 1 t would. have given: . . 
rise to rad.if!ltion eftec,te which might wt)ll be eomparable with 

that aseociated with the step; in the 'tt.1.',t :stroke leader: -' · 

process. Heru..:e 1 t is. 01·eaJ.- that in subEHtquent atrckefl• where .. 

the Boye• caznera. record$ ahow that the .leader process 1s a . 

1'tilP14 continuous dart· proeeea along the ~$lttiel.. eve1'1 it tile 

.eb.anne1 be a tortuous • <itl.e, as is generally th& fas&, • the 
'' . . ' 

osolllogi-e.ph trace ma, be e~ected. to ~how no ~adiatiol'l • 

ripple. 

The Bovs • camera records do indi-ca.te that, in oerta:h.1. 

C$.aee of .e, long leaditr to a aubsequent stroke, the leader 

becomes stepped near the end of.its pe.tli, bU.t the pause in 

such casee la;ste, for fi ~. 10 m1 oro~seeo.nds, a.nd the consequent 
~ - •' ' ' ' - ' 

rippl.e stru.cture ifl too fl.n& to be t'ecorded ·with the low 

resolving .Power of tl:le present type of' dsei.llosr~ph. 



§OR? Oli1 
"~ CATHODE '· .RAY OSOI:LLOGRA:Prt z rotpORD 

OF Flm:J> . ORAllGES. 

lleto.re a()Il$1de;rJ.q .tlltl i-eeulti of the analyat.s Qt , the, ,_ , . . . 

magrti tudea of the fi$l.d- ¢hanges trcm , the. O$Ci1logra.ph ~eoords 

. .it. i $. :necesaa;fy to i;ions1 dtr . the mat te:r theO'rett tally.- 1,'ue• 

general .fon.o: o·t the osoillograph record to be expected. from 

a· lightning tls.sh t.Q groant has previously. been- cona14e1'o~. 
. . . . 

· baaed. on tne eequenoe. ot evente tn the d::iecharge process. a.e 

revetued oy the Boye• camera recoi-«e- The question ,will 

now· be- oonaid(flred i.n gt.-ea.ter detatl,. 

Sup_pose .that a, cloud- car1"ief.i a. oba.rgt . 41 a.t a helgb.t 

h1 above the ground; and that the field elianges a.re being 

r~cOt"ded at a point <>n the grounrj: at a dteta.noe L . ti-om 

the point o.n the .grov.nd ve1?tictJJ.,.y uncier the olQud, 

( L. 

The mot0.ent of tile al.oud: charge will be 

And the field at the potn t will be 

d[f/) '\), 

· W:1 :. 2qlhl 

. °""h 
E1 :. _~_'f·l~.1-· ~ 

(hf+ L2) 5/,_ 

The l$adel.' .e tase means the lowering of a_. oertla.in 

portiott. of' the cloud. cha.rae. 11 , ., and d18trl"buting it 

along the channel a.rui bt-anohee or the attt.ik&., . The. natu.:re 

a.n:d length of the b~ancb.es wil.l t\etermin.e this distri.btltio~• 

and .the effeetive hetgbt • to· which thi:s · charge· is lo•ered,, 

We :m~y fltat eotima.te thta height as bet-ng .in tne :n&igllbou.r• 

hood.of @11 a.nd in general as .lyi.ng between ih1 and t,111 
Suppose that the lead.er stage ·reeul ts itt the lowering 0£ a 

charge • qs to an effective height ¼hi abcrve the ground, 



leav.ing a charge q2 in the cloud at a height h1 above 

the 8'0Und• whe.re q2 = Ci1 • q3,• 

The mo.rnent at the end of the leade1r stage wiU be 

~ : 2q2h1 + • 2<tz•½h1 =- hl (2q2 + :g;3) 

And the 1iel·d at the poi.nt under etl'lsid.eration at th·e e.nd of 

this stage Will ·be 

· DIS TAN1' .. , FLASHES,. 

$1lppos& that J. 10 Ktiometrei1 whiit ¾_ ta S Kilometres, 

which ~ be taten as an ·a.vei-aa, height f9t a cloll4. fhen 

we ~· neglect ~ in ·compa,rison. with L2 , and we haY& 

and. hl (eq2 + q.3) 

1,3 

Consequentl7 the Change of tield due to th-t leader process 

E1 ... E2 

• h1 (2ql .. 2q~ 1'" <13) 
-:; 

' t.3 

VDY ·CLOSE lrLASRES, 
... • i•· 

suppose tbat h1">> :t. so that L2 niay be neglected in 

colnl)a.rison with hi '.:I.. 



We then have 

and 

Coneequently the change of field due to the leader process 

will be 

= 

In this case the field has INCBEAS:mp. due to the leader 

prooe••• Hence there must be some reveraal distance {L0 ) at 

which the field change due to the lead.er is zero, i.e. where 

41 is sero. Tb.is will depend on the effective height of q3, 

i.e. the manner in which the charge is distributed over the 

channel and branches. 

RlNE.RSAL DISTANCE. 

Firet consider the three oasee where the effective height 

of q3 ia ¾h1, ihi and th1 respectively. Equating E1 and E2 1-

"l.~'\h\ =- ~,~-~/~h, 

t"' 't' + L;') ,,... ( c}t.,. k.S)'. + t.: Y 1 

l. tv' "'-, ::. ,. ~!.'. '/1. 'I,., 
(ht+ t.:")'I,- [O,.i...,).,_ +L:]'k 

;)<. ,. l • 0 l 3 . 

').~~"'-, ::,. l.'\?t· .,tt-~,. 

( ~ + t..;) !/,._ (l '/<t-\...l) ,_ t-~] l/1. 

1?("~ ;..,..,,T"':'"R9 ·\.:----·- --· 



It follows that, for the average type of flash to 

ground, where the effective height of q3 is approximately 

¼hi, the reversal distance is ap:proximately h1 • 

Since the field change at the reversal distance is aero, 

as we proceed trom this point 41 increases is value, but 
hlq3 

tor a certain distance will obviously be less th&ll 3 L 
(the field change as calculated for a distant flash} 

As an example, coneider the case where h1 is a Kilo• 

metres and Lis 7 Kilometres. In this oase, assuming the 

effective height of the leader charge, as before, to be th1, 

we will have 

and, on substitution of the above values, 

instead of the approximate value 

41 has the value 

q3h1 
i3 

If we assume that h1 is 4 Kilometres and that Lis 7 
q3h1 

Kilometres, then we find that 41 is 3 (9.55) 

Hence it follows that, with long flashes taking plaoe 

near the el te of the osoillograph, al though ou taid.e the 

reversal distance, we should expect to obtain on ~e oscillo­

graph record_ abnormally low values for d1• 

In general, however, if the flash be distant from the • 

oscillograph anything beyond eay 10 Kilometres, as is usually 
q3hl 

the case, the value of 41 should represent 3 L 

It must be remembered that the above analysis is baaed 

on the change in the cloud moment, M, and hence the value 

for 41 that has been calculated refers only to the contr1bu-­

t1on of the electrostatic field (E8 ) to d1 • 



THE MAIN BE'l'UBN STBOXE RECORD (421 

The m6J.n stroke stage represents the passage to earth -

of the charge which the leader procese distributed along the 

channel and the branches, and this rapid process will be 

identified with the rapid field change indicated by d2 on 

the oscillograph record. 

First consider the case where the effective heish,t of 

the leader charge at the end of the leader stage is ih1 , the 

moat general case. 

2q3.th1 42 =- _ _._____ and, if the flash be well beyond ( iiif .+ L 2) ~, .. 
Then 

the reversal distance, so tllat L is very much greater than h1 

In the previous section 1 t was seen that in such a oase 
qab-1 

the value for 41 was L 3 

Hence, in general, it should be found that the values of 

41 and 42 are approximately equal, or that the ratio 42 a d1 
is approximately unity. 

Next consider the two limitins oases, where the effective 

height of the leader charge after the leader process is com• 

plete is (a) tn1 (b} ¾h1 • 

From the photographic records 1 t may be concluded that 

(b) is or rarer occurrence than (a). 

EFFECTIVE HEIGHT f'11 
Assuming L )) hl 

d1:::. El - E2 
= 2q3h1 -

L3 

EFFECTIVE HEIGHT ¾h1 
Assuming L >> hl 

dl = El • E2 
2qat11 _ 

= s 
L 



EFFECTIVE HEIGHT :i-Pi 

Assuming L )) hl 

2q3.th1 
42 = L3 

:::. 

Henoe 

3q3.hl 

m,3 

EFFECTIVE HEIGHT ¾Q
1 

Assu:ming L '.>> h1 

2q3•ih1 
42 =- L! 

Q3•h1 
= 2L3 

Hence 

Hence, on the oaoillograph record for any ground tlash 

well beyond the reversal distance we should expect the ratio 

42 a 41 to lie between 0.3 and~. with a usual Talue not 

tar from unity, the mean of the distribution Qurre tor th1• 

ratio lying above, rather than below, unity. 

Once again i tVJliuat be pointed out tha.t the analysis 

refer, only to the contribution ot the electrostatic field 

(E8 ) to 41 and 42, and thu1 will only hold for near flashea. 



THE BESIDUAL CHARGE RECORD (4~ 

The third stage in the discharge process is the destruc­

tion of the residual charge, q2 , at the top of the leader 

channel, and the resultant field change at the aerial 1s 

represented on the oscillograph record by 43• Thie p:roceae 

:may be expected to be much slower than the main stroke pro• 

oeas, and hence 43 will be 1U1&ccompanied by any radiation 

field. The ionisation prooeaaee whioh established the leader 

originally are progressively more ancient as we pasa upwards 

from the base of the discharge. The anal.7si.s of the Boye• 

camera. records has shown that the rapi41 ty of movement of the 

return stroke is slower the older the ion1ae4 channel it haa 

to traverse, sinoe the lwn1nos1ty, and consequently the rate 

of dissipation of energy• is leas. With a less rapid rate of 

movement, the return stroke mu.at carry a smaller current, and 

hence will p:roduce no radiation effects. All the evidence 

from the photographic record.a, as well as trom the osoillo­

graph records, seems to suggest that the diaoharse of q
2 

is 

a slow process, 1rr,olv1ng a multitude of slow partial dia­

oharses of different parts of the cloud region affected. 

Now d3 2q2.h1 2Q.3•h1 
::::. and d1 i- 42 :. 

LS L5 

Hence 43 q3 
-

41 + d2 + 43 q2 1- q3 

Thia ratio from the osoillograph recorde will therefore 

indicate the ratio of the reaid.ual charge remaining in the 

cloud region affected to the original oharge on the oloud 

region. 



FIELD mtUGE. DASUammNTS FROM OSCILLOGBAPH iEOOBD.s • 

. EFFEOT7VE HEIGHT_ OF LtiDER_ SfflARGE.· 

• FJ.gi1re E is the d.ietribll.tion cune tor the tat~o da/dl 

for f'irst strQkl:•• 'rhte. ratio ta.ngei, trom o.4 to 2.6, with 

a niost probable value not tal' tr-om unit7ii .• 

From the pre't"ious theorf!tti:caJ. cU.ecusal.0-1 ot this ratio 

it may be .$een that its value wi.ll determine the tfteotive 

he.:tght of the lead.er tharge at the eo2npletion ot the ltna.4er 

process. 

If 

ti 

ft 

For .suppoat this .betght ba h1/11. 

d.a/41 
It 

• 

2q3b1(1 .. 1/n) 

LI 

be 1, n 1• 2, 

o., 1t .s.1, 
2.6 •H 1.4, 

e.nd. the etrective height is a1;2. 

" " .- .h1/3~5 
It Ii 

Figul"e ·, .ia the distribu.tion. Oliff& .for th&, ra.tto d:/41 : , 

tor all strok4a •. • The values fol! this curve have· been obtain:ed . . 

trom all 100<1 recorda ot both fb:et artd. subru~que!,lt str!)k•s.•: '. 1 

It will be seen that1 al thoUSh the range is found to_ ~•- wi~~~• 

as may be expected when the reeor4a .of aub_sequea.t ~tt~kes are 

included .in the &r1alysis, the m.oet probable value i.s $till 
< 

not tar trom unity. 
• I 

· From the results ahowa in both F1gu.rt. 6 and F.ipre '1 

' effective height ot tht lead.er cha.rg& at the eo#J:Pletion tf 

.. 



B.ESIDUAL . <JIWlGls . FROM .. TSE O,SOILLOGRU?R. llli:OOBDS~ 

Figure s is the distrl.bution curve tor the ratio , " 

dz , fi:i + •a + • d.s• r,r t1rst ,trokee. It ranges :in Yalue 

fr()m 1•sa than. -0.1 to about o.e, and tta JIQst J:tobable 

val•e lits 'betw1en o.a a.ttd o.,. 
Since tlds ratio aeasurrea the ratio of the res14u.al . 

charge remaini11g on 'the cloud i-es1on to the or1g1naJ. charge, 
' ' 

these 11e11na.lts tend to 11ho• that the tit-et etroke ot a flash 

involves the low&r1ng o.f the greater portion of. th.e oha:rge 

• in the ,1ou.d r•gion affected along the lea4er qhanne1. 

F.tgu.re 9 is the distributi<>n cune tt>r the saae l'atio 

tor subsequent strokes. The. results included in th:Lt cune 
' 

are only trom '!'eco:tds which .show clearl.7 the trans.1 tio• trom 

,d2 to 43• i.e. wld.oh ind.ieate elearlr tuae end of the inain 

' ' 

lrom flgt1t'e 9 i't ·1aa.1 be 1ee11 ·that the 'falue ot the rata,o, 

range• from o.1 to 01119; al'ld its value ts usually higher in 

the cas• et subsequent strokes than in the ca.at of tirat 

atrok11.. Hetlce 1 t may 'be ·Ooncl.ud.•d that the. lead.er to a 

suosequ.tnt stroke l<>wera a. amall~v £..-action of· the cl-ou.cl 

charge &long the lea4tr :channel thELit does the lead.er 10 a 
I 

first stroke. 



:rn'E. ($ FIRS,: STROKE~•. 

As was shown in Table IV, the /3 type. of fil"et e_tnke 

occurred. .in 13 of the d5 flashes uam.1ne4. Af:l. examination 

of the di.a.gram of 'the general to.t'll of . this type aho.wn in 

Jlgure 2 ind1oa\es that 1 t oontoms to Ute "' type as :tar 

as the main return stroke and the residual oloud. charge 

deetwction are ,concerned, bu,t dittera tn the 1ead.$i" »~•eaa. 

From tl::l.e diagram it .m.a.;v 'be seen that the leader proceea, 

in thia type of firt t J troke may b'9 considered ae ta.kins 

place in three stages. The t11"st stage 1s the no~al 

stepped lea.del' process, lowering a charge into the $1:r bea 

neath the olou.d.. Thie occupies a the. interval ind:ioat$d 

bJ w2 tn the_ d~a.si-am. 

In the second. stage th• oaot.llograpb. trace, inettad of 

r111ns, bend& 4own.flards t,rwa~d.s the $ero base-line.· It '1ill 

be remem\,~·t-e<l that, .in the construction ot the oscillo·gr.-aph 

unit uaed in thie .investigation; a high resistance wa• 

iiuieirted aotoea the cotidenser plates in the aerial ct:reui \~ 
, 

to prevent the a:coumulation ot a charge on the upper :plate 

ot thia conden•er,, · any such ·charge leald.ng to ea.r_th th1'0!J,8h 
, 

this• resistance. It 9&.e pointed out that the time constant· 

of this circuit waa made •"rY high, so that it sho~d_ great-

1y ,exc-eed the normal ttae ot duration ot a.r,.y field change 
. 

under examina•tion by the. osoillograph. and thus 1 ts effeot 

might norJnally be negleet&4. With a field change ot long 

duration, ho1Jever, the presence of this ;resistance in the 

circuit would appreciably attect the nature ot the oscillo• 

giaph trace obtained f:rom such a tield change. The trace 

actually rtcorded on the film would be the ~eaul ta.nt of 

(.a) the cu:rve indicating the field. changes occur:r.ing at the 
. . 

aerial; and (b) the e.xponential decay curve due to the 

inclusion of tile res1stante. If (b) should mtceed. (a) at 



at any sta.ge1 then the reeul ta.nt oacd.llogrraph t11acet ins:t~,d 

of tiallng .• would bend doWDwards towards the zero bue ... line .. 
,. I > ' ' ~ ~ ' • " • 

To detem1ne the inagnt tud.e ot (a) from eucb. a trace it 

wou.14 .thereto-re. be .. neCEHlB&rJ'. to ,determ.tne ,the:.'d.evl':'tioa '. •• 
, 

ot ib:e :PSO,iltograph .traoe ·,froDi .the exponel.ltlal QUt'1e for . n 

.the .pa.r:tl.¢Ular ,a,~rial ci:rcui t .-ploy:ed, .~ Brom. an examination _ 

of tbe taeil.lograpb ,irecorda o:f this tne ot fi,rst :a.troke;-
. . ' 

it may be·, 10:ncluded, that ,'thf/1 eecond stage in the leader 

process in ar •tV,EkO.f fiJSt st1feke feptes&J'ltS .. a V&t'y slow , 

lea.clet propaga.tio,n •. 

•. ?he .,thl~d ,stage ,is .r.epre-sented by. a further r1se .. iJt 

th8, oactllo.graph , trace, Jue t before ,th~ maia retuJ/'n s tx-oke. 

This tnclicta.tes all app:r,oiab1e·1ncrea.se·in the velocity of-­

the .ieader:propagat:ion immediately .pre.-:erling. the nm.in .. 

t-etu.tn· stroke~ The :total time ot the l.ead.er- process ts 

• 1i t,s. :lnteresting, to ,note that Sebonland.t, Mal$1l ~d. • 

Collene,, in their ,•$ttam1nat.ton of the. Boys.• oaniera., phow~ . . 
' ' 

g.rapha. have obserted. ·oases .of a type of ·leader &t long 

4uratien. , In this type it is tou.nd that :the tirsi port.tqn, 

0£ the, le&O.er ·te,:taet and powe~tu.lly stepped,. .and the 

tu,eottd portion very :.alow, the ateie. 'being :fa.int and weak •... • 
' . - ,, ' 

Thia type. ot leader -hat befiln the subJ eat ,:of .a sp~cial., inves• 

tigatton. by them,, the te8\l1ts of which aave not as. yet been" 

.l)libl.iahed. 



· The d:istt'ibution: c\U:t·e& for Tl' ,an4' ·T2 tot' the ·~•.;1 
reco.rdtll, ·1.n th• present .ilttestiga.tion are si••ett tn Fifgurl:'es • 

- It_ wl:tl ·ne _ ntted • that the oomp1$te tt•e ,ltitettal.: ,occupttd \ 

by the 1 ~-d~l' 'pt.-~'tf!G$ Ta~t~s from la·. tl Jf. ·lo'"'$ : $t.HYO•d· to · · - • .. 

63. 6 z • 10·~ aecod., •~th. a meau. value of, $8~ 2 :Jt lo~Z ,s~oond. .• 

on the ; other . tiand tb:e . -time interval·• b ocupi.:ett. bi' • the· ti'ts t , • 

part ot ·the l'E!ader protese ( 'l'.g) 'f'U!e·s . t~om l.. 9 1: 18 ... z. seeotui. 

to l<.h3 Jt\l0""3 scJ'oorut, \titb.. a taean v:al.ue.ot o~·a '.iz. 10·~ second. 

A comparieo·n betwtuu1 these talues·artd those t,ir tlle .nomal 
. . 

• T;vpe. o( tii,st ;trtroke l<Ja(J.er, •a.i"e ot :tntere.st. · It- was. sho:Wl.i ·trom 

Fig1are .4. that thett latter ,li,e between 2 •. 86 x 10·3 aeoo'nd. .and 

38.37 x 10~3 :t.Ul~(utd.,- With a. moat »ro ba:~le value ot about 
\ 

18 x. lo~;; seoond. !.muf tt ,ina1' be ·see11 tha.i the .ttrst .pai-t 

ot the lead.er pr<>'cuise in a 'lypel tit,at _ atroke o~cupies a 

shorter /tune. ittt.ertal on th~ &"f'et"age tha.n the nor.uual stepped 

lead.er p.rojeess tor .a· first s.ti-oke., while· the w-hole 1.eacler 

proe)ess· lo· on the avere&e' mu.ch longtr. It. theretore appeare 

as tho~gh . the leader pr:0cese oommettces in the Jame. manner 1n 

_ botia ~as1ez, awl that,•- ,,11 the eaee of· th&, T:,pe/-9 ,, th.ere_ 1a a 

marked 4e'crea.ae in the ve1oc,1t:, of. propagatiQn before· ·tn.e ... 

final &ta,e to eat-t~ •. 

It :ilJ; .inttrest.tng ta ncrte tha.t the firtrt portion ~•t th-e 
,, 

leader pro,cees, &aring the time .il'lten-al i 2, .is invariabl7 

stepped, since .all the :recoY-4.s of this type examined have 

been found to e2thibi't lfader :ripple on the tit-st p(;>rtion of 

the oscil:logra}lh. record. · 0.1) the other hancl1 no trace has 

be4'Jl found. Qf th!s leader :ripple on th:e, o th&I." l)o;rtions of 

the leader t:ra.oe. The qtta.utitatf.Y·& records associated w.tth 

the leader ripple ln ·thla type ot first stroke are itt.tl:u4etl 

in th& i-esulta ttAbulated in !able VI •. 



,fflE ~ AND , ~ .FIRST .. STROKES. 
, I ' 

,'; . .• , ' l_ t. . • . • • . . .1 • . ' 

tir$t tJtrokee examined: in the present 1nveet1e;atio11, only 

two W$re ;Of Type' ,_,-' ~~d five wer•: of Ti,·~ s' '?' •• cit th.ea& 
\l, • • 

,, ' 

strokth 

'The: aall nUlnber of these re~Q?td.ed predl.\ldee a:ii' d.etaiJ.•' 

ed. e.nalysis of the. types,. and. '1 t is only possible to intioa.te 
' • J ' 

• ~ • • _ * • , I 'I, I :, , . t ·,> ' : I . , . . 1 1: , . • , 

certain possible ex,lanationa .. ot their preaeuce. An exam-
• ·' 1. • , J \ 1 :, . . _ , • • · : f 

ine.tion of ihe diagrams ot these typea in Fipre 2 ehow• 

that 'ooih t:,:pe'3 'are oharacteri.,ea.' by po.s'eess't.ng a l~at\$1' 
r.1· . • . • ·, • ; : • 'i> :. . _._ _ , , , ·_ ,, I , • ' . , , • , ' , 

1Y1th a p~oaounoe4 ripple, bu.t no rnatn retlll'll sti'Oke :record. 
"' • ' t ' -~ t - • , • • . t , ' ' ,I. '. • ; : . • • ' • '. ; ' .' • . • • j •• \ • 

The lead·er t-is,p).e trequenoy, aa may be, aeen from Table VX • 
,, ' 

, . • i , • · ,~ , : . • • • • , , t • , ; : , . ; , , , 

mq 'be either clou.d discharges wh1oh ha.Te been incorrectly 

l"eported. ae ground tlaehea by the exteraal observet, o:r 
' ; • f 0 '" 1 f 

<U.,charges which do not r&a.Oh the ground. Sch.onlaad., Malan 

8'.ld ooilen•• in their pu.'blioation Progresa1V:e Lightnlng II• 

Section 10, d.iscu~s dilU'Jh&;g$8 ot 'this type as Ob$$ff~4 on ' 
',. . ,. ,. . ' 

• • ' J '.. • ' ' It . ' it.'' ' • ' . ' ' • • ,, ' ' '. ' ,;' • ' ' 

. the Boys' c:mnera photographs. and point ·out that they are ot 
' ~ ' ' J ' • ~ • 

two tn·ea~ St~ppecl ·~4 4art respeo.tively. In ne1 their type 

is thtr• evidence ot a return lh.in stroke. 



In the present investigation the only methGd. th.at wa.a 

a:,ailable tor the estimation of the distance ot the fl.ash 
"' . -~· 

tiotn: th'$ oa,eillograph unit was to detel"mitle the time inter-. • 

val between t)bs·ervins the .tlash and fir.et htar1ng 'the res.ult• 

ant thunder d.ue to the flash. Thie deter.tn1natio11 was ma.de 

in e'V'.ery ,oase by the ute.rnal ,.,bstrver, and. his result wa.e 

subsequently noted 111 the. log book against the flash w.t th 

the oth~r r:elevant intomna.tiQn, 

It is cltila.it that euch a method preclu.clee accurate infor­

ms tio.n, ~ven it ea.ch flash a.nd its a. tten;dant thu.nd.er c011ld . . . 

be isolated. I.n ad.di tion, however, 1 t .mu.r;t be rememoerec\ 

that, in an aeti1"e atom, flashes are suf:f'iQtently frequent 

to make i.t oft.en impossible to differentiate between them. 

Further, as haa been previously nientioned,. theJ."e may be two 

or more active t1torms a.t cU .. ffeJ."e·.ut distances flashing more 

o~ less simu.lta.neou.sly, a.ll within thun4el" distance of the 

observe11. tt t.b&r&fo:te becomes eJ.ea1t that the estimation 

of the d.istan.oe between tlash and oscillosraph can ,only be 
' ' 

relied on to furnish an· ordet of ma.pi tudei and ma.y often 

be totally bicor:reot. In the following analysis the es_tima~ed 

distance of the flash tromthe osoillograpb; as aupplied by 

the observer• ha.a been used, bu.'t the limitations of ~1s 

estimate llnll1t be borne in mind in consid.e';t"ing the results 

ot th$ analysis. 

It has been pointed. out p.reviously that the :relationship 

between the eha.nge of Jrioment 1n thtt cloud (M) and the corres• 

ponding field change a.t the aerial of the ostilltfgraph (E) 

is given by 

' M + ..L . c\M + _L • E :. -=F• • C .,..,. olL- c:.>--t' 

Further, it· was shown that ln genei-al,. 



E
8
.ie proportional to it 

E. is proportional to dll/dt. 1 . 

Er .it proportional to d
2
lf/'dt2 

The relative values of these thl"ee ten.is depend on : : 1• l 

the 'falue ot the distance ()f the fla.sh trom the oacillograph 

uiu t. Hence it tollotts that, in general, 

E8 will varr as L ""
3 

, E1 will ,var, as 1."'2 • 

L•l . Et w-.1 ll vs.r:r as· 

For a tlasb near .the oarU.1logtraJb, where :the Yalue of 

Lis mna.11. •. the fllm traqe majr bf! considered as a.measure 

of the Electrostatic field change alone, and, when allowance 
, ~ - - ' 

1$ tnade toi: the relation~hip between the a.ctll&l field. chaqe . ' . 
taking pl.a()e in tne ae1ghbc,urhood ot ,the a&rial. and. the 

reeu.l tan·t vql ta.se a.cross· the co~denser in the aetial circu.1 t. 

wh:lch ·:tn turn ia a,ppl&ed through the -.plitl&r to the woi:k• 

ing plates ot the osc.ille>gra,ph. the reduced ,value of 
. , . 

(41 + d2 <+ d5 ) fr<?ttt tlie film will give a measure of E8 • 

This latter relationship; as has been »:reviou$l7 shown, ia 

given 'bt , 

' • 

where C0 is tl?,e ,cs.pa.01 ty et the aerial . • 

0 • ls the <Jape.et tf of the co11den,e1r in the cix-cui t 

1t is the .-oltase apJ11e4 through the amplifier 

h is the effective heiaht of the aerial. 
l, ' •• 

It follows 'that; it it w~re possible to obtain osc.illo• • 

graph l"Etco~l1,s from the same flash tor various values of L, 

provided all these valaes were ama.llt E8 :el'l.ould. "lary as L-3 

o:r E8 .L3 ahoiild. be a. constant. 

In the present analysts it is only possible to compare 

tht • t'eoor4s from ·di:f'fei-ent flashes at dttferent d1stanoes .. 

Fo-r the prod.uet :m8.t
3 to be co11eta.nt, therefore; each tlash 



should proceed from a cloud at a constant height above the, • 1 

ground, and moreover each flash should resul.t in the destruo­

tion ot an equal charge. .Any variation in either of these. , , 

factors wi~l result in a corresponding variation in the Talue 

of the product E
8

.L3• ~e results of the previous analyses 

of the films previously given indicate that both the height 

of the cloud and the total charge deatro7ed by a tlasb vary 

from case to case, and, when the unoertainty of' the value 
3 ot Lis taken into account, the various,· values of' E8.L 

may be expected to diff~r considerably. 

Figu:re 12 is a diagram showing the value of the logar-

1 tbm ot the product E
8
.La tor first strokes of a flash 

plotted against the correaponding value ot Las supplied by 

the external o bserrer. The reaul te are shown in this fc rm 

because of the considerable variation in the value of this 

product tor difterent flashes. 

When alloftl'lce is made for all the Tari&ble factors 

previously mentioned, the diagram see.is to indicate a tendency 

tor the field cb.anges from neai:- atoms to ha'f'e abnormally 

low values. This reaul t, however, may be due to ariy of the 

factors mentioned above, and further investigation of this 

point 18 necessary. 



The ,present :inYf.'Stiga,tion ia toncerru~d with the: 11,eld.: • ,. , 

change, in the -nea.r n.etgb.bourho0d of the, lJglltnin& .. fla$h1:·and, 
. . ' . . 

ae Was pointed out, 1n, the prev-..tou.e section• tb.e O$Ci;Ll9_~raph 

:recorde pro,tidt; in tp.e main, • a mea.Jll'tll"e ot . th•. Ta;r1a,.t.iQ1t in•.; 

E. wt th .time due tQ th" flash. W'henever. an e.br11pt_._ <;~g_fl in s ' .·. 

the elope .. o.t the o,etllQgr~ph retord.- ae~urs ... however,. tllt · 

rad.ia.tian. te;xna, Er, 'be~o•e$ ptomi{lent oJt _th~ osctllQsra,ph . : . 

t%'a«u!. . Su.eh ~ char,.ge a.lwa.7s occurs art the end of th& leader 

procesliJ• when the $8.ln return etrQk;, pt:oee$a coimnel(lcea,; a!ld, 

thi,e ma.y be aeen in the. diagram of ~he ,typical reco~d. at an 

0(. t~e ot tire~ l!ltro~e sl\owrt J.n _Figu.r.e 2.. lroJr .c9mpa.~t:\til'e 

pu.rpo$es use tca.1 be ma.de ot the vaJ.ues o.t the distan,,c:~ 14&r~e<1 
.-• l • .t \ ,I . } ; • • • 

R on this d.tatt1:a to dtte:r,mine tb.e value gf. Er. tor any pa.r-

ttcttlar stroket and aut.:h values have oeen u.sed in an attem.pt 
' \ . .; ' •,·, t< ' 

to anal.y'4.e the varlat1ora. t~ .the value of ~r tJi th the .dl•tanoe 

of .th~ tlaeh frqa th,e os~.tllograph utd. t. 
I ; • • '. 

, ln. the .previous stetion 1 t _.as sh()wn ,that, whE!~ the re• 

d.uce4.,vti\lue ,0t Er has beel} dete.r.mi~ed f~ol'I the tihn trace;. ls.r 

sb.ould V•~11 ae i•l. fof the tame fl.ash at va.rio\ls distances,• '. ' • . - .7 ' ' ' ' ' • •. • •··. ,·' • ,'' :· - ·-

a,nd h$nee the p~odu~t E,...~ should be oonsta:nt under these 

ct:tcUJnstances. As 1ft tl1e case of E8 dte,cuesc,d. i~ the p:reviolls 

rsecttont .b.o-weiJ'er, it 1$ o~y possible to co:m.pare the reoo:rds 

fro.m 41:tterent flaehea at different cU.ata.nces, and &J.l the 

variable guautities discussed in connection with E8 apply 

equally to Er• Hence a luge variation in the val.uea of the 

. product Er,.L obt4ined from tht recoi-ds may be e)Cp.ected. 

The l"esul to of the determination of th~ values of this 

producJ • tro~ the a:-ecorde a.re shown in F1gu.re 13, which has 

been ~onapil.ed. in • t~e sa11e tom a.s Figur~ 12. This diagram., 

too, aeems to indicate a tendency tor abnom.al.ly low 'falues 

for field changes t:rom near storms. 



.In the t\VO previoua sections it haQ been shown, t~ai;• 
. . • . • '. - ·;. ' ' '; : . --. . 

1t it .were pQasJL'.ble to ol)tain record.• of the fiel.d. chan•e• 
~· - - • : ' ' . ' : ._ , ', ' - . . . 

4ue. to the same flesh tor d.ifferent ,a.1u.es ot L, then bo~ ' .. • ' - • , ' '., ' ' 

tb.e.1ro4uct E8 .,t3 and t~e. prodtui~ Er•~ ahoul~ .be corurta.n.t. 

•. l~ to+1ow• th$,t the value· of' the :p:ro4uct :m1 .• J.
2 should 'b& 

, • . • •. . -··-

C~h~tant undez-. tne.!e condi tio.n$. E,: 
. ' 

Thie 1ue.nti ty, which involves the '!ratio Ea/Er'. has 
{ 1 •. i "' ' •. • •• ' ' •• ·, 

dit·tinot merita whta -compared w1~ the quaxrti tie~ p~eir.t.ously 
' . ' ' . • : '. 

conside:re4, w-hich in.voived ·either E8 or Er aio:nei. Any 

tao tor asuotiaited with • the, os~illo~~t:\ph ~ui t itself, and 

which a.:ffeots the magni tllde ·of the trs.c& obtain~d on the 

fi.J.m due t-o any- field. <'.~e;e, will affect E8 -.nd E~ to the 
• \ • ' . . • ·, ' ' ' ,' ,, 

Gaim'e .d.esrett. It is . thertfore cl.eax, that tlie ratio of these 

two q\lMti ttes wlU no·t be_ 9.f'tected by any- var.1atitn. tn one 

or more ot these fej~tors •. It this 4uantity be used. in any 
ane.1.y-sis of the variation -of· field strength w1 th distance, 

' ' ' ' 

t4.e ateitt.tlte ob·tained from the oscillogra.»11 tec1u,•d$ Will be 
1n4'e'J•end.Gnt of any variation J.n site fa(ita~, aerial ca.paoi ty, 

a.mpl.1tica.·ti◊tl f'et.ctor ot the e.m.9lJ.t:i..er, conden:aer po tentiometcu 

eff'tct1ve he(ght ot the aezi1a1. ete • 

. Fipr& 14 ta• a.. dia~am ahowlni the 'Val1'e of the losar-

1 thm ot thts guanti ty tor firti strokes pl.ot1ed against the· 
. . . ' , ' ' . 

oorrespo¥1di.ng veJ.uaa or .t· as stt.Pplt.ed by tlie· ,extei-nal Q'bser• 

Yei-. It· t.riuet be remt1.1nbered· ·that tlle t'esult.ti et1l.1 involve 

•. $.ll the •a:riatlons 4ue :to d.lltferel'.loetJ in the ~uanti ties 

aea,utta\ .. d, wt th the, tlash 1teelft a:nd. the tnaccuraoies 1»: 

tltt fieteftl.lina.tion o.t, ,the Valtte· ot L;· and thus· a large Y&r1a• 

tio,n, tu ~he valu~ ,ot E8 .I.2 ts tQ bi! ~•cte4~ 

. ·El" , 



_ lUDIA.fION __ ASSOGIATED fl TR SUBSEQJJD~ S'l'R,Ql91;S• 

In ,a previous po'.ttion of this tl:lteis som.e indie-ation 

was siYen of the processes inV'ol,ved. 1n the tevejlopment tt. , , 

the obarge on a thunde~oloud, a.nd-the subee4uent d$Stru.ction 

of a porti~n ot that charge b)' a lightning t!Lash. It was 

shown that the .generati:fe processes result 1n a sepatA1ion 

ot charge within the oloud, and that theae »rocee4, un.tiJ. 

so11.e critioal potential be reached, when the leader process 

commetutea, ionising a oond11ot:l.ng path to ear~, to be follow• 

ed immediately by the intense ma.in return stroke. i'b.e 

complete stroke resu.1 ta 1n the d.estlt\\ction of a. certain 

pert.ton ot the cloud charge, this being d.re.wn from the 
. . 

partioul&r s-egion ot 1:he cloud. which is tapped 'by the a-t;roke. 

Imrntdtately the f1r,$t stroke 1& completedi thel"e will 

be, wi thi:n the cloud.; a 11o'V'®1tnt of charge towal'41J thie 

region to replentah ii, and, owing to the oature .of the 

:particle; -eompostng the cloud., this flow ot tharge will not 

-be untto=, wt will ••aemble in eom.e •easure the stepped 

proceas associated With a first lea.deia. 'the gener-.ttve 

process wt thin the cloud 1$ -continuous, atld thlls it uy be 

expected that the time .tntet"f'a.1 occnapied by. this tlow of o 

charge to the attected region will be ah.ort. 

When a firat ettoke is foll-owed. by several 13ul;uu.eC9.uent 

stroke$, it ins., be -e~peotet that tne charge to replen1~. 

the affected region will oe prog1eaaivel.7 dr-awn tzora more 

and more remote regionu of the cloud• and thue, afte• -ea.oh 

strolce, the tiid.e tntenal occupied by the tu'bsequ.ent JDO'Ve• 

ments of 'Charge wt thin the clcntd will increase proaressive• 

ly. 

The actual change in· the moment ot'-the cloud. due to 

such movtJDents ot chug• wt thtn. the cloud will be too ssaeJ 1 

to a.ppeai- ,()11 the oso1llogra.ph records. Since t.his fl.ow ot 

cha:rge is not aontlnuousa howevel"1 thei tU4den cha.riges in 



movement will s:l•e rue to rat1ation ettectu, and these ... 

may oe su.tftolentl.7 lafge to affetrt the reco11d. . .Folt this 

reaaon the 01cillog2taph Jteoord of .a tlaab ·may be expected 

to ehc>w evidence of eu«:n !rad.ta tton eftl!Ott -on the port.to~ 

o t the film trace 1mrtiediately toll owing the reco2td. et the 

stroke ttselt. 

An examinatith1 of the osoillogt-taph reCt:>1"ds tomtitg 
, . '. 

the sttJJ tot ot the pr,es•ent inv&stisa.t1on reveal• i11d.ica... . , 

tions o.t the preeenee or these radiatton ef'f&ot;s on p:a~tic"" . 

all7 all record:• of. groutt4 tlaoe1. .A:4 atttmpt AM· been 

• made in Fi11Al"e 15 to indlcate the 11anner i.n lJh.teb. the tS.e 
. . ~ . . • . • 

interval o'fer wh.ioh these radiation etteota followitts the 

aaf.n t.iel4 cha.nge eJtten4 va:te, o•ei- tae several strokes 

composing a complete flash. A seJal.liate .gra:,h has beea 

•con1tructe4 to .. ea.th complete flaeh , u.sins the ,c1a.ee1tica... . 

ti.on employed. 1n the{ previou1, analysis of the f1$stles. Tll.e 

aepa.ratt strokes ·oomp♦&ing th• tie.ab have been equally 

~pated along the z;;.as:f.•- st11ce th:ere ap:,e~., to be nJ direct 

:relattonehiJ between the tilll& tntene.1 between strokes ant 

the tul"a.tion ot thta racU.at1oa. effect (:rr) Th~ oru-.iee 

in tltt dta.SJ!'airl i,nt1r.te..te thf ~el-.ttve values- ot ti: t1Jr the 

vaft,oue strokes tomtolinS eao f>omplete flash ta.ken fi'n o_r4er. 

1'he t.tret lltroke ot tbe tla•h ls indicated by a 4ot in re4., 

ad. eu'ba,"1ttttt stnke11 by $111all ti1rclee. Each tl~•h. i,s 

drawn to tJcale!!• although the eo&lti used. is not the aaae· tor 

ditterettt flashes., 



' lM,l)IATION .. TIQS ( T~} FOR SUB$EQJJEN:T STROKES • 

' ! • ', •• ' • 1; '· ',. ·. . '; ,,. 

ates. that 79% of subsequ_ent tttrok,ea ~ave a -ral,u~ tor ~1:. . 
, 1 I /, , ,; • : •, I •

1
' > ., 

which is area.tel" than the value ot th:1a quantity to.r the 

co:rre•pond.iq ti1l"et stroke of: the tlaeh. .-

It. will be noticed that the d.i~r~• otten ~ho• a 

•. •' t 

Illu.at:rattons of au.ch a change 
' ' ' . .. 

~ be •een at th• 5~. stroke of the .diagram marked Fi• the 
' - . . 

5th. stroke or the dtagrani marked 01, eto. 'l'lde seems ti 
'. ,· 1 • 

suggeet the posstb:111 ty of • reoor·cl of this tne not being 
• ' • • I • • • 

" 

that ot a single t1aah, but of two or more flashes, ei.thei' 
') 

from tbe same or different cl,oads, which have .ooourr~d 

al.most simul. taneous11, and have th11• been cla·eaitt ed 011 the 
,. ' 1 • 

osci.llog,:aph recru•<ta ,au a single flash. Refereru:se has been 

raatie .P~••1ously to the poas1b111 ty of the o<,currence ot 
' • ' ' \ ' •• t 

such. an ell'ror 1n ol.aes1ti oat1on, when consideration was 

g!Ven to the results· shown 1n Tablt I, and, it was ahOW11 th.at 
. • ' • ' , , • -. ! ,· • ' ' , .., • • ·, • • ~ 

the total cwabei- ot strokes Je1" flash from the oactllosraph 
, I - • • .' • • ', • ·I ,, ' ,• l ') 

j I ' I • ' • ' 

reeoJ>de provided ttgurei whtoh were in general hi.gh~lt'. than 
J '• • -, L • • • ,, •• ,• / ' • • r• • f 

c, • I t ' ! • 1 ' ' ' ' 

\he 001:reapondl.O.S teeulta tro1n thf) analysia ot the .Boys• 
,, ' 

It the suggestion made in the preceding pat.agraph were 
. . . .. 

c,orrect, and lt the diap-$,Jile ot the val'."iou.s tle.she11 in 

Fie;ctrte ,15 wt,re to be arranged. so tilat each stroke such as 

tho,ae mentioned above tot.med. the start.bag ;po.int ot a new 

series, .se that ,eaoh &et;'.tea showed a progreesst•e increase 

in Tzi, the first stroke o.t each ,8er1es shou.14 indicate• 011 

the oscillograph record, the chaiaoterist,ios ot a first 

stroke >:eoord. Thu·s ror such records it should be tou.a.ds-

(a) a long ·v.alue tor the lea.dei- duration ( t1 ) 

(b) indications of leader:" ripple 



I' 

Th~ 010.lllogtaph reoor41\4 have been a,11:m1tt.ted to a ,~~~'.""' " 

ful aamiDation in tllle oomuaet&on, ar.ad .on so11.e of ~~ -~e~o~d• 

thetta appeus to . bt evt4tnee pQ1:ttting to. the prot.abtlit, of. , 
. • . . • • " • ' .... • { 1 ~ 

:inco.r~••t cl.asn.tttoe.t1on. 'Ike . tollowtns Table ·in41•a.iee •<>•e 

of. ~- ftsU.l. te obtaiae4e. 

0.1, 

A.Q..l 

A.Qi2 

A.Q.3 . 

i.a,.2 . 

$ 

s 
3 
,$ 

ll 

• 

94.6 

aa.a 
sa .• s 
95.I 

98.3 

1oa.s 

Sl!gb..t 

Disttnet 

Bil 

Bil. 

»11 

»i•tinct •. 

FN• th& re•ul ts shovm ~n the ta.bi~ t t 11&7 De seen th11 t 
' ! ',, 

• I , ,· • 

in eet-tain oatse·s ·the!'e· is every probab111 ty tha.t twc> •*••i';I■ 

fl.asbea hate been comlfint!id in the original 'elassificatiott 

• as a.si.qle flash.. ta other cases.· howev•r-. wher• the results 

ti-om Figure 15 VIOuld suggtat !.ttoorrect cl•ssitioation ,tt this 

nature, th~ f:f.lmt eh•• ••. eyidende w. .$upport it. 



IONO.,§PKERI_O I ImFLEC'lIOlf. 
' 

• · 1• nu bee- previously • shc>Vltl that ~e • lightid.ias tla.tiih 
,, r :",' :• ' ' . •. ·,, . '. , • ' . • .•. • • .- • « •• 

gtvea .r.tse to an. tleotro•agneti.o wav•, wh&Dh proteeds .outi!-. . . - . .. • .- .. 

wa.11de fro• tbe ~eston ln wMeh th& .tlas)t ·o~cure, a.ad t?ui·t 
• •l i, ' . , •• ' ' 

. . . , . 

the e;u;ation repre.eentin, the tield. eharl:ges d.ue ~. th1t 

·•a•e· at any· po.int conelatl'l el ~e• tema. known as ttle 
.. ' . , 

' ' 
elto\roaJtat4,e (E8l. iod.uttiol!l (E1 ) aat l'adiaUal). (E,.)_teJ:141 

resp~oti:te1y~ . J:t wae po;L:a.t~d. ,out that for sull Va.1,.ea ff,t 

ii the E8 ·tem pred.ominat••r,, 'Jl\ete-• for large valv.E1e ol. 1, 

the llti tei,n is the impo.,tut o.ne. It therefore tollo'Wid. 

trDm. thJ..-, that the field. oh,artgea recordei on th~ osoillogra.,h 

. tract 4tte to the ligb.taiag AMhes ii1 the pre.uent iliY.es~tga• 

t1on 1rert due mainly to the E8 tea, -t ,tluf:t ·the ~&»14· 

change., ~t o•octuire4 tn tb:t· tt-14 .tL·'t· •~ 'tomeuoeme»t· of tile 
' ' 

.main i-e,tltn· ,.t'#olle, wottld.: be tntU.c=atet oa: the reo&•d by· a • 

radiation t~m; • anA. ,tilts · was ·ehoa on. the 4i~ ot a tni 082. 

ttrat' s\rokt reurtt,. i.n. i.tsu.re s. ·the· Mgrlttud.e ot the tloJ.cl 

~~e :&>e'11g • indi.oated. bf a. , • · · , 

When, the ,eleettoaagnetts .-av~·• orlsinatin, at the· 11Bhi7" 

ntas· ftuh,, reache$ the • 1ano$phtre •. it· will suffer retlect:i••• 

and wb.en ·it asdn rtac1'ea ·, ilte earth. i ,t, "111 • ha.Te tr&Yer,etl. 

a ,e\ltt.icif11.t ,spat• tor the, rad.iation· tem ta the equatiGn_ to 

pr~d•mina.te~ Thur& •abJ'. such wave reacbJ.q< tb.e oec111ogra.Ph 
' ' • . ' . ~ . . '. . •. 

unit ta.ttea: .t'eltleotl•n a.t ., tb.e-tonoa,Phere Btt.J' b" a,pe(jte4_ to 

malt• :its presence eYt4ent on the• coeiilogral)h trace by a 

re.,ol"d et .this ·main !'utan rs:ti'oke "rad.t•tton· t1e14 al•••• It 

the ~tu.de or .the ,i-eri,ated. ,\fi.lv:e .l)e auftiotut to· a.ttett 

the l'e:tord., . i t1 :posit.ton on th• • ..,eo:cn:4 ·aill :,e • aueh • that 'ihe 

time .iat~rr-1 i-epl'"ea~ntt4 by, the i:eeottd of the ttel4 ,tause 

c1.-.e. to · ,the mata .itetarn .. ~tro-ke of the tlaeh attd. that 4ue to 

the t-etleoteti wave ,wtl.1 JJ:iovlte a 111e~eutt~ flt the ettec\1Ve 

htiaht ot. the reflectiq 1,arer o.t ·~• ioaoaphere. 



,~tro~e '.r.-~ot4• ·ShO'Wtt, ,ill Fl.,gti,;'t 2. 1 t .. wtl~. 'b,: -~••n that, ~- • 
' ' , , • ' I ' . • ' ',' ·, 

depre.,to.n OJ! •ft.bllblpfl J.ll (O\Uld. to O~C~U." .o,n ~- ,oa<=4l1ogl"a.ph 
.·; ,- ' ' • l ' ' ·, .. ,'_.' , .•• ,,· ' • ', ,; \ ; ':·'I•' '. ··; . ' . - . - •• 

tatate ~tto•UJ at,~r ~• .r.e."or4 of.' •he. _fi•~• ~•a i1ue tQ 
' ' ' ' ·' • ' • \ ' ' ' ' ' ' • • ' '. " ' ' ' ' ' ! ' :, ' ' ' • ~ ., • • 

, ~~. ~•• ~t•s•• o~ th~:., ~~,;otce 1 trst;t_. ~• otmtJ is found 
" " > • > ; '. > \ "' • ' > ' ' .) ' I • ' I ' ~ > •• • ' 

t~- .~~.~,ir on _a ;t·a~s~--~~le~ ~t record•, 1.1.tld_ ;i ~.-'-• thought 

t1u:1t . , _p~ssible ~x»~~a~;on ~t . t ta ;preatu1oe may ••• ae 
• \ • '. i ' • ' ' .. _, ' j : • •• ' t ( ' \''' ' '. 

' . • 

~acu.o~t~+t ••t•• ~h,~ 1, i•: ~he ret~r~ ~f ~~ _a»J.-1Va1 ot the 

• a-e~~ecj~4. ••♦. at. tht_ o•••l~o"~Jb U:llit~ , .. 
• • ' ' ' I • • ) ': • _, ; : ' ' < ' • '•~ 

, .It.~~. ••$C••ted_t~~~•U<tn l),-, ,qor,~~,, _then the tim~: 

,.tert-1,, ,.--arktd . tb . on . ·~• ,.di·~- . ill . Jtg11,~, 2 »iay be 11 tiliaed 

AA . cal.~)~te . th, tf!~Jv~(lnt · h.eiC}lt ot ~• ,,tleot.tna layer, • 
, , ' - . I ,I ,: , . • , . 

. ,~ovtd .. •• .v-1ue ,ot .. L, ~e ,-4t•tanoe, b•t,..en, t1ath and. 
. ' . . ' ' ' ' . 

o~e~.U,~Br•Jm u~ 1, ))t -~#0~ •.. . Zi mu.fit l>t remein'9ei'et .• h0wever, . . ' . , . . . 

that 111-th a ealotd.a\l~11 ,•~14 ;oe .~ase4 pn t• tuantitiea, 

bo tb. J~t," w~li.ob., due to. tlle 11111':tations o~ . tn,e ~.Jatatus 8.lld. 
. ! . . . . , . 

. .m.~tbot1s, ~t. the .Pl.'eQef,l~ ittV:••tlg&.t,ton., e&n: Q~1 'be detem1ne4 
' • I , • ' ' • • • ' • ' • 

yety .aPPFox~•'t~ly. l?hua. a ~~-o~at19f! of th1a. tne cannot . 
' . ' , ' . ' , . ' ' 

b~ ~P•~·'"' to 4o aore . th-.a turr,.t~ ~ e.~cltt ~f, •sat tude trJ,: 
'; . . 

th• equ~va,.en\ height o_f the 1:etle·e~•s lq,.;r.-, . 
! • ~ ' • , I ' " 

. .Som.~. so ~1l:&1ea, . ot •b 11,.av,e been lt.bt~.p.,4; (Jt_o• uaeu:r&• 

1n~.n~• I~ tile os,cd.ll.tP.aP~ ~eooid.i, and. .. ~e coatJeepo.ltd.lng 
' • ' • ' ) ' : • • • : ' • • ' ·, ·, ' : ' • • • "I ' " •• • ~ • • 

eqll,2:yalen~ height ot ~- ~$flt,Oting .laf♦.t . ~al~ate&.. 'l'he- ~ , 
' . . . . ' ' ' . . '.·. ' 

. v;alu.es thua tour.t.l .r~ fl'oll 91 Xi1c;.•etrte to, l.l-9 K1lometr.ea, 
< ! , : I I •' •1 ' •• 

with a ,mo~~ .Jit\ablo ,~u~ tr,:_ th,-e »:•1•br.t:a'31o~d ot 100 KilQ• 
, ;. , . • ' . ··:,.. 'l . • 

.m~~iea •.. \V4tn the llllt ~~tto~s; ot '11~ m$t!l~4 tJ.te taken into 

~dco~t, thio ,r~~ult S$$nB to, po tut to ~e 1100~1 b:lli t7 ot ·. · . · · • • · • ·• • t.lie ·· ·- · • · 
~he. eJtJlana :ti{)~ Qt , •e »~~•enoe o 1/bullp gt't'eU, .:bc,ve l'leing 

• c~..-.. ~ .... ,-
1.··~ .• - .~~--. 



'lhe primaru obJ eot or the present in1'eGttgatton. was . •, 1 

to LD'ttstigate the f.ie1d.. changes oceu.r,.~.ing 1n the n:e#.gh~ou;r.- 1 

ho-od of a nea.l)' lightJting tlaeh, and to tiortel.att the osctlle• 

gtap~- i-ec<'1.r4s &f Roh oha:nges with Boye·• :,amera record.a of 

th:~ ·tlaelits. .Since these latter weil!O in the .main .records 

o.t grQu.#li tlaahet);; th& 0,801llograph l'IOOl"'ciC e.t the field 
. 

t:ha.nses d~e to thi$ type of flash hav-e o~n thie ptineipal 

uubJe'6t of tU.scu.inaf.on • .It. 1,·tel.:t, howt•er, that :eom.e me·n• 
, , 

tioti ehou.14 be tbade ,at two othel:' types ot record. which t11e• 

quentl)f app~ar -ou the. f'i.lme-• and solli.e tndioation given of 

• theil" sene!'al. foi,n. 

Diu.-tn, the ewsnar ,t11a.ao11 the whole of the Wt twa.ter,.rand 

- ar_eais _eubJ,ect to·thund-eratorma,. and the position often 

ari-se·s when aevetal. ~ep~ratt· ztcrmt1 occur morr(t or less 

$1mUltan1ousJ.1 o...-er this uia. • When the oeeillograph unit 

.is piat b:tto Opef.atiol) to rreccurd 1SC>lle pa1rtieule.r uiorm.t t·t 

is .tJft•n afteeted. • D1' ltotnlna fl.ashes. t&kitiB place in sonus 

other stoim at f.l umch g~es.ter ditstant:th and the films are 
. . 

foUbd. to. contaitt J.1Uhte,.-ottt1 :recordo of tit1·4 changes due to 

·such dl'Eitur'beee&... It 'ha$ 'been p.otnte(i c:ttft ;p:aevtously th.$it, 

the ffeld changtta dtie to a dista.zt.i lightning tlaeh a:re 

.ehara.ctejlaet by tlie 1>:tedo:rninance tt the ~adi~~1ort te:rm,: Er, 

and rtOQ#da fr()Jn distant ilas·hea may be J:ead.111 .id.e~tltied 

ttom this fact. • The e1ectrostati-~ f.t&ld ohug&s »re•i.ously 

dtistusse4 are barely d.eteminabl,~, an4 the ::reco·ra.s cozu,1at 

-mainly ot radiation ri.pplt'h with the radiation due to the 

mttin ret"rn etroke a(!)re p;r0110Qnt~cl .•.. The follo-n·ng sketch 

1llqstrates the .gene~&IJ. tom ot theet :re4ol"dt:i,. 



It. \fas stated pai,e'fi,otta1y that, tn ept tt. of the tarot­

that th& oac.tllt>g~a;ph u.n.i t ·no a el.tom p~ti. ibto. operation 

eltoept .1n tb.e neighbou~ho.o.d of a. .et011l aoti11ely flael'ling ·t~ 

S'9ttnd·, ntUtt<!rous. re,o.~d.s t~ni flasheti. whi<::P. dJ d .not .a ,rtke:, 

• tQ gri:,~nd. apJu1~a.zi '>.n \he oeo.·t.llograph t#.lm1. Bta.r1.ng in ·m1nd 

the primary o·bJ e~t of the .. Pt'~sent 1'.nvestlp~lon. · a.n.d.. the 

. e.bsenc~ 0£ de\dled analyid.a or Bo.1s' o•e~a reco:rdls of such 

flashes, ·these oaetllogriph re,ora, have not, a.s. ye~. bsen. 
• ' • ' 

8'ib.odtted to a,na;l.y.siu. T.b.e ~ru~tio_n and elass11:tca.t1on 

of 1"-~co~d$ .trotn $uoh ~loud tla1d1ea have 1b.ee11: poatpone4 fo:t. 
• I • ' • • 

.a. .eep~at•e inve.s tigt:l.tton. At the p,:etien:$ .o ta.ge t t :i~ ol'll.7 

pse~tbl:e to mentt~n tet-~aJ.n o.t theii- ~hat:ae,ta.rint.to, .• 

Oloud tlash.~e a.re tound to giv,e record, ot tielcl c~anses 

wl1.ioh dltff ~Z" coi'ltddem\bly f'1tQ11 thote ,~om ground f:J.a.~hea, a.nd 

ott~n Which tUfter :ci.-nstd,e.rably t~fta one ,anothef1• Qerta#.n 

o.t: them are ch.(u-~~te:riat4 by dten1iv(! radiation r!p,pl.e, 

whJla't o there eh.ow sltw ~h•e•s o.t c<.>mp~atl:ve1y long dur•• 
. . 

tiou, an4 ,<>f telat1ve1y. amall a.mplt tuie •. ·. trUike iue r:etorcle . 

f:rom ,gif:();,ipd .fl.asheth oaeej of revertal of field som$ttt11ea 
' I ' I 

o·ccult', and, al though setiea ot s trot•• ma.y 'b,e :suapected; the 

regu1ari ty ()f ·term which wat Gbse"ed tn the nali1e ot gro11n4 

f.laal;l reoords eH~em, -.br.;ent. 



DIRECT. CORRELATION OF CADRA. AND OSCILLQGRAP.a Rli:00.RDS., 

It was indicated ptl'evioualy that the pi-oolem o:t 

obtalrli.ag a Boys• camera photograph of a li5htnfng t1aeh, 
' . . . ', 

and at the same time obtaining. an c>sctl.lograph. record of • 

the ti(llld change• due to tl'ie aame flash, Pl'O.Ved a difficult 

un4ertaJdng •. This was due to several taotor£i~ 1ncl1.1diJl8 

the l1mi \ed p~i-iod ot run o~ the .record.tag d.rum C&T.4era, • the 
' ' ' 

necessity tol" hav-ing the Boys•·: camera trained directly on 

tht· tJ.asb, the ta.et tlla.t the l.atter .instrument could only 
'. ' 

be operated at ni'gllt; ~swell a.e the gentraJ. ditficulties 
' . " 

' ' 

assotia ted wi.~ o bte.lninS both .types ot .record. singly• • On 

only one ocroaido·n, du.;tng the oourse ot th-e tie,l.d wotk now 
• " J ' ' t .j ·_ ' • 

under review, was it. toilttd poeaible to obtain aitch simul-
• • . ' ' . .. ' ' • ' 

taneott$ t'ecord•, at4d. these re<:orda were .not of the best~ 

With so little. data. ·available 1~ this connect1on, it 

is cleia:r. that, at thl1 stage, it ie not possible to do mt>·re 

th&.n indi·oate very briefly some of the reaulta revealed by 

the records o bta.ined on thi.s one ocea.aion. l t may be mention­

ed that it i 8 in•tended in • the ft1 ture to endeavour to obtain 

~utficient 0t such dirtctl:, correlated. reco:rd.e to· pe.rmit of 

a OG>mpl et e analyst s. 

In the tlr•t place 1 t was found that an exa.tnination 

of' tb.e records made 1 t posst bl.e to· identify the strokes of 

a flash on the. came:ra record with the correepond.i.ng oacillo­

gra.ph record.s of field changes, and the time .intervals sep• 
' . • .. 

a.rating strokes a.s obtained from the two t7pes of recol:."d 

were found to agree wll thtn the limi te of a.ce1.utaoy of the 

mea.euremtnts, It wa..s th.us possible tc> id•tify a pe.rttoular 

caera record of a single stroke wt th a. par·ticular record 

•of. t1eld changes on the os<.tillogra.ph film., 

• One possl ble point ot coml;.'arison between the two types 

o.f record was furnished by the times .of duration of the. 

leader prooess. For two of the reoordia of particul.ar strokes 



the leader times .a.$ determined from the Boys' c-era. phot<J• 

• graphs were found to be 1900 micro-seconds and l ?Q micro-
. . . . 

seconds res,pecti'vely,. The va.lues f~r the leacler _tim~ ( t1 j 

as obtained from th(:i ,correspo.nding oscillogra.ph records 

were found. to be- 3000 micro-seconds and 240 .mfcro-,seco.nds 
" t. ~ 

reapecti"Vely. These reslllts not .c,nl,y indtca:te agreemen.t in 
' ' . '•. . 

the ord·er of value obta~ned by the· two mwtho4s, lJtlt show 
l 

that in seneral • the v~ue ·t,rom the oscillogfaph recQrd. • .ts 

higher than that· .from. th,e camera record.. Thia resuJ.t is to. . " 

be expected when tt .is remembe~ed that the camera is limited. 

to a record. of visible phenomena. 

It may be mentioned that certain anomal.tee were obser­

ved. in the records, but it wa.s not possible to investigate 

them fµlly with so little data. available. The analysis of 

the Boys• camera. records was .kindly und.erta.l:en by Dr.Schon-. 

. land. 



' . . . • . ' ' . . • •. ' 

po)ltio~ of this thesis, 1n \Vbich the Cathc>4e Rey Ost~lJ;.tgl'aPh 

Dtreet1on F1nt.ter wae •1ioyet1 te ia"Vestisate the 1.Urection 
j : 

ot ar:riTal o·i atmotphewics, was UDclertaken wt 111 the ·:a.$sA.a.t-
, • . ' " . 

ah~i ot :a 0-41it tnm the Re&$s.t-c,h otant Boawd. to•tru 't.4-e 
I • ' ,' ' , ' . 

c<>st at the ».eteesary • apparatus. fb.e iixreatiga.tton ot ~e .. 
• • • ' ' r, ~, ' • • • ' • If . . ' ' . . '- , • • •. • 

field. cha.nae• in the neill!ibour-ll<i04 of a. lightnl.ng flata tom-

. ed part ot the wo.tk ot •. tht Uptn.tng Researih. CoDll'4 ttee: ot 
• ' 

the ·s.A. I.nsti tu.te ot Eleot»:ica.1 ·Enslineel!'t.: 
I • ' ~ ' • , • • • ' t • ,, . ;, , ' ; ' 

. The allthor wishes to iettd.tt1J' hi& grateM tb.anks to: the . 

•DY 1nt:i:v14ual.s li'ho. b7 theit ass.teta.nt~ Q,tt(t aavioe, greatly 
j ' 

tacilitated the prog•e•• ot the 1nrk. In patt1eu1-.. he i11 

greatly tnd.e't»tee. to 
, ,. , l 

D.l .£1nton., trntversity of Ca.,tetown, and ~.R.D.fhor:pe, 

Ho-.tll'f4 co~l.ese, Diirban, fo>! a1.nd.stance in the eontat:ruci:tion of 

the-· ite·cessati apptJ;l"atv.~.: 

i'ho Dlre·etor and staff ef the: Ba<lio B.taea:reh sta.tt,rn, 
' ' 

Slough, for fii.dv1c~ rtgqd.lng U.e teQlmique ot th'EI Jttethed.e 
,, ' . ' . . . . : . 

'' 
• empltii7.et in the imettige.ti<u•ia, and part1Cl11~l.y to the late 

Mr,.J" .. F .• Hefd.t and to ltess~e Watson Watt and Lutkiti» 
', ., . 

P'tofeesor A.Ogg., Unil.:vet<sit7 ot Capetown, and.I?_ Protesso,r. , 

H.H.PaJ]11!!J; Untve-ratty ot tb.t W.ttwa.t:erei-and.j far '1J.el.r tn:tere·st 
' , . . . ' ._.,, . ,, . , 

,, 

in tht woik, and tor so ld.nd11 providing laborat"Or,- and work• 

shop f'at1ll ties• 

D.H.Collene a.rut llr,D.J'.lllalart, Who gave a.et11'e and u.n­

attAtecl assistance 1n the f'iel4 flrk of· the .llivestiption; and. 
' ' 

whoae aper:len:ct , gained. in oonneotton w1 th the Boys• oaae~a 

im-estila.tf.ons., was of such immenae Yalu.e. 

F1t1:ally, the au.th.or wishes to ;pl.act ott 1.'ecqrd bis dee» 

g:tat1 tude to Professor 13.F.J .sehonlan4, the D1:tecto~ ot th.ts 

restareh. Ria ad.vice and a.ssiata.noe were always treel7 giYen. 

at all stages. in the inv.iu!itigation, his ldee gi;aida.t.toe pointed 



the p.ath to .sumottnt -~ an ~bstaole,, 11.ta :enthurstasm 'l1asf •• 

~ tJt~p~ratioQ, ant the :team epittt whieh: ,he Sna:ptl:ed. and • 

t~8-:ter~4 lA&<le ,tb.~ whole wort a JJ.'eael.lre •... 



·, ·.·1 ' 

Su.ppo•e a cloud. .oarrtea a charge q at an e:ffectt1te 
• • . , < •• 

heiSl;lt h a.bo,re. the ground,. eo that the el~:ctrt~. moment 

of th:e ol..oud ®at-se ,, 1: (tqh).. 

t .t ,,. neQess~ to 4·e ter$1ne the t•la~~• . •'-• ti• 

be,wen· th~ .mo•ent 1' an4 the. vertital e11e,r1-,a1 t1el4. (B) 
' . . ' . • 

at a point ·o·n the tuth distant ~ t&-&lD the el.ou.a.,. wi.ere 11 

1$ 'fer.; arnioh giee.ttr • tltatl h. 

-.weu •s EqutJtioae ot th9 eJ.•~troJAapettt: ttelfl tn 

a111 ta a region. wh&tt tl&fii-••· a11, 110 •sn.•'tic or ele¢trJ.ta). 

Jha.:r:,Je.t1 aN • iii, 

I . .' 

ds·· 
•· ......... ·:,· .. 

o, 
-~' ., 

a, 

• ). cllt.z . - --...; • 'o ·.c1t • 

I . 

.. . Bi, eltlfdne,tlort. of. tlae etht1:r quuti 1'6fl ti tc • p0Eu:1ible 

tQ •ltow. th.a, •. if F repr-en6nt ·an, one· of tae ·quut1 ties -~., 

• ~•· d:88, . ;da• d~t & 1, theru~ 

4iy 42F • · • d2F 
+--\,- 7::. 

,. d:ta · d,-2 4B • 

1 ·42F • 

;a d\2. 



This t.e the we11 kno,m equation of wa"re motion. 

· Silleie the reqtd.red eolution in the pr<fbla 1& to d.e1>end. on . . 
r alone• ustns . the tr@atomatloa tin: spherical. polar 

'OO·•oi-c.U.na.tttil (r.e,4>, }the qua.tto.n .tor F b&otmea:-

$lnee F is a t,u1•·tion ·ot ·r alo11e, tb.£1,; gi_-_ves:-~· 
l I , •, • • • ' • ' , 

Since ti.ts is the e1mp1Le equation ·o·f .-avo motion, the u»and• 

ing ·wave i·a gtvett by:~ 

x = ·t(, ... r/oJ 
or i = 1/1".,(t • t/e) 

Ootud:del!: the ~-ve equation, 

d2i 42F d2F 
-. + -.. + _;_ 
c1g2 (i,2 • 4JJ2 

F =- 'i/r .. £(t ~ 1-/ol, so tha-t 

1· d.2F - -a· -. 
..... ,2 

sin;o~ thJti equa.tioa· 18 linear, $.fi'N' to$ su.~ as dF/dlt, 
. . 

d2F/<ibt~dt. , etOa will $~ti.sty tlU'!i \faTt equat~on, s1.noe F 

teeeo I·t will '.be neo.f)s,a~y, hO'\l'.&VtJ-i- 1n sivitag 'V'at-ioue values 

to, E:,eto., to tt')e that a.11 the ~e·11 ailmlltane<,us e<auattona 



are aat£st.1'ed. 

Fnm the nature Qf the problem, 1et· 'li11, 'be iero. 

rn~n. froitt. ( 6) • • d:Bl(tbt . ~ dEit/ d.1 • • . •. 

, su.i:ipo,s~ • Y be some ~ncti,on cft ·:x and .f•• 

• ,, I =-

From (1} we then baveF, · • . 

1~ 5 
-·- =- 0 ,. 
1 dt 

l 42y 
IQ 

~ 

:tt tollewe that Y mu'.st be a palrtiel, d1,flfe~-ential ~oett:io­

ient o t a. . tune tton wt th respee t to a:. suppl) ee Y ts U/ d.a. 

Then lik -=- a,Y/fJJr. • -=-' 42,F/&&.,4a. 

:m = dY/dy =- d.21?/d:,.da. T . ·. 

Fto$ (1) H, :. • l/o"~2F/dlt.d~ci 

From (2) ~ =- ;i/c~d2F/4y.dt. 
'· 

.li'rd1 .(i) Ell ::. • (42F/a2 + d2F/1.1.»-2i: 

ot., ma1tJ.::r1g use of tne ae•etal wa.<t.e equatto1j 

:m
8 

=- 421/4:12 • l/.c2 o d.21/a..1?., , 

• F,c =- 42:F/dx.d,m. )By = d2F/d7.de. Eu= 42'E/ds2 • 1/o2.-d.ai/4t: 

• ·~ ~ .1(c~d211/dyj,4t. ti, =. ·~ • l/o.d.2F/dJ:.,(l~ H. =- o. 

• whor~ . F • 1/r.t(t ... r/o) 



suba~i tlltb1g for F in. the ssneral EH?lut1an g1,rea the 
' f. I ' , , • , • , '• ., ._ 

tollowlng results 1-
- : ~ .. ' ., 

,:m:t ~. s,nv~5.t + &u/0114 .t• -t-- 11:1/12,-a .t" 
'ff .... ~ ... ,tiii>f; • + "'llt, ... ,~~4 ·-"•. ,it•' 2' 5 fli 
.w'Jl - .;;;.,~ ~ •"- ' .., o/ ~- f~' ~ " .• , • .r •• ' 
:m1 =- ~;:2/a:5.f -+-:ta2/ct4~r• + r/'·/c2·//6.t• "' 

'' 

• 11/ c2~·a • t•• 
+ 'tr/ 42,,/d., f fi 

1; 0 

whe~.e ft f'f,, .ti re;p~tfen.t the fµntt1on ant tts fir.st ad 
., 

&eeiond ti.ftel'entt:Ql (:;oetti~:tentth 
., . I 

l. 

. In th~ pt'en'pettt p11obl'&mi suppose that any lewerJ.ng of th.$ 

oloud • •·hal'lltil causes a. e~ntluetion ourrent •• 
1 - ,. ' • • 

Zhen 8 .length dl ' · of th.e Ghamu1l eereyiag . this, c.h1tr:tn.t 
. • ' .... 

will create at th.e polat uncle.r conattera.;itn a zn.a.gnetil'O .field 
J ,(.•", • ,, • , , : :,,· I; • ; 1 •'. 

1 
' ' , ' .': •, \ ••t 

' '' 

Rx - .. 7/tti:'a .• ,~ 

• it t: b$ large ·ti'! cO!llpariaon wi tb h .• 

Now tr0,m th~ s&nelf" ap:tuti,t):rt 1-t i's cl,;ea;tr that the solut1ou 

:rma$$ .. bt -ct .the ton11• 
' ' •• , .... '('' i .) 

Hlt = • 1/erS.~t" • -,/tJ2r 3.t• 

•• H,_ .. = . '£/ot~·;t• ;f- , lf/o2t 3 ~t" •. 

Bew • 'ldl '::. ... dm/a ,.. atid.' the sol:u. ti 011 io th.ea 

• ·-11~ = y/ot3• a/tit 111ft•~/c) 

·we, tan thus id·&fl.tit7 t 'ri~h .• u .. 
lienc•• tfom· the ·geaer-.1 ~olUt;Uin f<tr Et;, p~'tti~ rs =- Oi lle 

ha'tts.a. . 
~ .. " "I 

:tt8 .:::: • (l/rS.t + l/~i,2.t; + 1/12;-.r•) 

o.t?, '· i:s' =- a/t1.11 +- l/~rr2.d1l/dt +' l/c2~.d2lf/4~2., 
' . . 
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It is well known that c_ertain types of aerial, whether used 
ior the transmission or the reception of signals, haYe directional 
properties, varying in degree with a number of different factors. 
Various means have been devised to utilise this principle to. 
determine the direction of an incoming signal, and these are 
exemplified in the direction finders which have been, and are 
at present, in use in navigation by air or at sea, such as the 
Bellini-Tosi and the Adcock direction-finders.· 

The application of the cathode ray oscillograph to the visual 
recording of the direction of incoming signals has been developed 
during the last ten years by ·w atson-W att and his co-workers at 
the Radio Research Station at Slough. This was primarily 
undertaken for the determination of the azimuth of arrival of 
atmospherics. But the ease with which the movement of the 
fluorescent spot on the oscillograpJ1 screen can be recorded photo­
graphically, thus making the apparatus self-recording, largely 
eliminates the human factor, and has led to the development of 
a relatively high precision instrument. 

Further, the· fact that the source of atmospherics on the 
earth's surface is always found at ;i region where there is a state 
of maximum. meteorological discontinuity (e.g. storm centre) 
makes the apparatus an important, if not prac'tically an essential 
part of the equipment of every meteorological department. Any 
-one instrument has a range of ·three to four thousand· 111iles, and 
with two, or preferably three, stations making simultaneous· 
records, centres of disturbr,nce can be located accurately, and 
their movements traced and recorded. It seems unnecessm:v to 
stress the importance of all meteorological data in South Af{ica, 
this country of alternating drought and flood, and an· avenue of 
information such as this offers seems well worth exploration. 

PmNCIPLE OF THE APPARATUS. 

The apparatus here described will be demonstrated before the 
Association. It has been constructed in the 'Physics Department 
of the University of Capetown on the lines described by Watson­
Watt, Herd and Bainbridge-Bell in their publication " Thi?-, 
·Cathode Ray Oscillograph in Radio Research." 
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The principle of the instrument is briefly as follows : 
Two identical frame aerials are taken rmd placed with their 
planes vertical, the one oriented along the North-South 
geographical meridian, the other East-West, so that their planes. 
are mutually at right angles. If a vertically polarised electro­
magnetic wave, travelling in a direction making some angle A 
with the geographic~il meridian, passes the aerials, it will produce 
in the ?forth-South frarne a voltage equal to k Cos. A, and in 
the other frame a rnltnge equal to k Sin. A, where k is some 
constant. 

If these t\rn voltages, either directly or after suitable and 
eqiwl amplification, are applied respectively to the two pairs of 
deflecting plates of the cathode ray oscillogrnpb, they will produce­
deflecting fields on the electron beam equal to K Cos. A 
.ind K Sin. A respectively at right nngles to one ,mother. The• 
resultant of tliese will cause the beam to be deflected in a 
direction an angle A with the direction of deflection of 
the beam when oscillating under a voltage on the pair of plates. 
connected to the North-South frame alone, and hence the angle 
\Yhich the incident waTe makes with the geographical meridian: 
is directly indicated. 

The length of excursion of the fluorescent spot on the screen 
of the oscillogrnph depends on the final voltage applied to 
the oscillograph plates. The at,tenuatfon of ,m electromagnetic· 
wave ·with distance is well known, and hence, even with frames, 
of lnrge area and number of turns, when signals from a source­
at anv distance are to be received and recorded. it becomes 
neces;ary to amplify the voltages from the aerial before 
application to the osciUograph plntes. The amplifiers used for 
the two limbs require to be closely matched, not only in the 
gain, but also in the phase displacement which they impose on 
-the deflecting applied to the plates. If equality of gain 
were a.bsent, t.Iie nngle oE deflection on the oscillograph would' 
not be the same as that of the incoming wave or the frames. 
On the other himd, if til1e two original signal components, co­
phasal as they leave the frames, suffer phase-displacement in 
the two amplifiers, the pattern on the oscillograph screen is no­
longer a line, but an ellipse, whose climensions depend on the 
phase difference introd11ced by the amplifiers. 

TrrE FRAME AERTAT.8. 

Tbe aerials in use at present are such as can be comfortably 
housed indoors. They are rectangular, and carry 100 turns of 
wire of side 1 metre, the spacing between turns being 0·5 ems. 
The inductance of the frame, measured by the usual bi·idge 
method, is 13·6 m.H. Tl1e frames are made of iron water 
piping¾ inch int.ernal diameter. Since there are two such frames 
set close together and at right angles, the closed metallic loops 
of one frame are par'::dlel to the windings on the other frame, 
and comparatively closely coupled to it. Hence eddy current& 
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in the frames must be nvoided, and this is achieved by inserting 
insulators of ebonite in the frames so that all closed metallic 
loops are nvoided. 

The work of Appleton and Watson-Watt on the wave form 
of atmospherics has shown that in general they are aperiodic· 
disturbances. Further, the signal strength of an atmospheric 
it. greater on a system tuned for longer than for shorter waves, 
hence for the direction-finder the aerials are tuned approximately 
to n frequen(;y of 10 kilocycles/sec., representing a wave length 
of 30,000 metres. 

Tm~ AMPLIFIERS. 

The amplifiers used are resistance-capacity coupled, and 
each contain three stages, with a fourth stage which can be 
added if necessary. Anode-circuit de-coupling is introduced to. 
reduce ret.roaction and series resistances are placed in the grid 
circuits to prevent self-oscillation. The amplifier units are 
carefully screened and the wiring kept as short as possible and 
brought close to the metal case, so that the ,,,,-ire-to-metal 
capacity may act as a shunt for. unwanted high frequency 
currents. 

A potentiornehic input is inserted to the grid of the third 
valve in each amplifier. This serves as a means of adjusting 
the overali gain in the amplifier unit, and also serves to adjust 
the two amplifiers to npproxinmte similarity of gain. The bias. 
to the grid of the first valve in each amplifier can also be varied 
by a potentiometer in the input grid circuit, and this provides 
a means of exactly matching the two amplifiers for gain. 

If care be taken during construction to match the two 
amplifiers as for as vnlves, components, la.y out and wiring are 
concerned it will be found that very little, if any, phase­
displacement takes place-any that may occur may be adjusted 
by a variable condenser inserted between the output from one 
of the mnpliflers and earth. 

Trrn OscrLLOGRAPH. 
The Oscillog:raph used it. that put on the market by Messrs. 

A. C. Cossor, Ltd., London. Although at the present time these 
are manufactured with a high degree of accuracy, yet they niay 
have certain inherent faults e.g. the vertically and horizontally 
deflecting plat-es rnny not give exactly the same amplitude of 
excurnion when tlie snme voltage is applied separately to each 
pnir of plates or the two sets of plates may not be oriented so 
that the axes of deflection are strictly orthogonal to each other. 
For this reason it. is not sufficient to inscribe on the screen face 
of the oscillogrnph a geometricnJ protractor, The protractor has 
to be inscribed " electrically." This is done by taking two 
potentiometers in series, the resistance steps in each potentio­
mefer varying respectively as the sines and cosines of angles 
increasing say in steps of 10°. By this means a· voltage 2E 
applied to the inp11t terminals of the potentiometers will result 
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in a voltage E Cos. A being applied to the vertieally deflecting 
plates, and E Sin. A to the horizontally deflecting plates, and 
the spot will indicate the correct position of A on the screen 
face. Any errors in the construction of the oscillograph will ·be 
indicat(;)d by the departure of such an electrical protractor from 
the geometric, but it will clearly give the correct direction of the 
incoming signal. 

LI.\'E UP. 

It has been emphasised that, for the correct functioning of 
the direction-finder, close matching of the t,Yo limbs, in both, 
gain and phase, is essential, and this process of matching stage 
by stage is kno,vn technically as " lining up." To facilitate this 
matching process, use is made of a '' test oscillator.'' This is 
-an oscillator at approximately the frequency to ·which the frames 
will be tuned, and which must be very carefully screened to 
prevent undesired pick up in any parts of the circuit. This is 
-coupled equally into the two frame circuits, either by means 
-of n mutual inductance or, preferably, by earthing the centre 
points of each loop through two accurately 1natched resistances, 
and connecting the test oscillator to these points through buffer 
resistances to reduce the consequent coupling between the· 
frames. 

The first stage in the line up is to common the two sots of. 
plates of the oscillograph. Any voltage applied to this point 
affects both sets of plates equally, producing a deflection of the 
-spot nt 45°. This line is the effective reference line for all 
matching, and is carefully marked on the screen face. The 
-amplifiers may now be matched stage by stage by commoning 
their respective grid inputs. Thus if the final grid input circuits. 
of the two amplifiers are commoned, any voltage is applied to 
both amplifiei·s in equal magnitude and phase, and both 
-amplifiers crm be carefully matched. If the commoning con­
nection be then removed, any variation from the 45° line _or any 
·ellipse will indicate discrepencies in the matching of the aerials 
themselves. 

SENSE DEVICE. 

Any recorded signal on the cathode ray oscillograph 
-direction-finder so far described gives an ambiguity of 180°. 
That is to say, a signal from the North-East giYes a line across 
the whole face of the oscillograph, and thus gives no indication 
as to whether the direction of arrival is from the North-East or 
the South-West. This is- a fault found in all radio direction­
finders, and is overcome in the case of aural instruments by a 
-second determination to fix the direction absolutely. In the c:lse 
of the cathode ray instrument the direction of arrival may be 
fixed absolutely by a device which leaves the beam in focus on 
the screen in the required qnadrant, and defocusses it completely 
in the opposite or unwanted c:iuadrant, thus fixing the direction 
-of arrival absolutely in a single operation, a. necessity where 
intermittent phenomena such as atmospherics are concerned. 
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The focussing of the spot on the screen depends on the 
voltage applied to the Wehnelt cylinder of the oscillograph. In 
addition to the two frame aerials, a non-directional aerial is 
erected, tuned to the same frequency, and, after passing through 
a similar amplifier, its voltage is applied through a negatively 
biassed valve, the change in the anode-circuit resistance current 
of this valve altering the potential of the focussing cylinder of 
the oscillograph. This circuit is so arranged that signals reaching 
the oscillograph from it and the loop amplifiers are co-phasal. 
Thus the aerial signal will affect the cylinder over the half-cycles 
while the jet is moving between the origin and its further or 
unwanted quadrant, leaving it focussed in the required quadrant. 
Vvhen a signal comes from the opposite direction the phase of 
the aerial current, is unchanged, while that in the loops is 
changed 180°. Hence the defocussing is transferred to the 
opposite quadrant, and the direction sense is again absolutely 
determined. 

PHOTOGRAPHIC RECORDING. 

As previously indicated, the ease with which the movements 
of "the fluorescent spot may be recorded photographically makes 
the instrument one of high precision. The camera used is an 
ordinary drum camera carrying a roll of film, which move& 
vertically at constant speed. The speed must be sufficiently 
slow for . no broadening of a trace to take place due to film 
motion. In practice a film speed of 2 cm./sec. is found 
sufficient to avoid opening of an individual trace, yet allowing 
the recording of numerically high rates of incidence of signals. 
To obviate the registration of the undeflected spot as a con­
tinuous line, masking all North-South deflections, the centre of 

• the screen is covered by a small piece of ruby paper. 
When simultaneous observations are being made at two or 

more s~ations, synchronisation of the records is of the greatest 
importance. This is done by the transmission to the stations 
from some common source, either by telegraph line or by radio 
signals, of pei:iodic time signals, which are impressed on the 
oscillograph. After development, the films can then be placed 
side by side, and the results simultaneously reduced to give 
the exact location of the particular atmospheric source. 

In conclusion may I again point out that experience has 
shown that, where these methods have been adopted, data of 
the first importance has been made available. I trust that, in 
the near future, these methods may be put into use in South 
Africa, and provide data equally useful, not only to this country 
alone, but to the wider field of world meteorology. 
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The application of the Cathode Ray Oscillograph to the determination 
of the direction of arrival of atmospherics at a station has been developed 
by Watson Watt and his co-workers at the Radio Research Station at 
Slough.* The device they have evolved employs the well-known principles 
of radio direction finding to obtain, on the oscillograph screen, an instan­
taneous and direct reading of the true bearing of the source giving rise to 
any single atmospheric reaching the station with sufficient energy to 
operate the instrument. 

It is clear that, if two such bearings of the same source are obtained 
at different stations, a fairly accurate location of the position of the source 
may be made, whereas a single bearing from one station merely gives the 
direction of the source. The amplitude of the disturbance recorded on 
the instrument from a source will depend, however, amongst other things, 
on the distance -between source and station. It is therefore possible, even 
with a single station, to obtain an approximate estimate of the distance of 
the source from a consideration of the average amplitude of the records on 
the instrument. • 

Considerable evidence has been advanced by Watson Watt to show 
that the great majority of atmospherics, if not all, originate in regions of. 
disturbed weather, and are associated with electrical disturbances of the 
nature of lightning. A similar conclusion has been reached by Munro 
and Huxley t as the result of extensive investigations carried out by them 
in Australia. The Cathode Ray Direi:ltion Finder thus makes it possible to 

* "The Cathode Ray Oscillograph in Radio Research," by Watson Watt, Herd, an:d 
Bainbridge Bell (H.M. Stationery Office). 

t "Atmospherics in Australia," ,Report No. 5, Radio Research Board, Australia. A 
further valuable report, No. 8, 1935, has reached us too late for consideration in this 
paper. 
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determine the location of disturbed weather conditions within a radius of. 
2000 miles or more of any station. For this reason the method is likely to 
be of value in meteorological forecastirig; and it has already been success­
fully employed in this way in Australia: 

At the present time the Government Meteorological departments in 
Southern Africa depend for their information of local weather conditions 
on reports from observers at various points scattered over the sub-continent. 
With such a large and thinly populated area to be covered this method has 
obvious disadvantages, and it is impossible for the departments concerned 
to obtain complete records. They are £urther handicapped by an absence 
of reports on weather conditions over the oceans in their neighbourhood, 
which would greatly facilitate weather forecasting. The proposed estab­
lishment of a meteorological station at Tristan d'Acunha, which would 
supply information of depressions in the Atlantic Ocean, would have its 
value greatly enhanced, as far as South Africa is concern<;d, if means were 
available for following their direction of movement. The report system 
has a further disadvantage in the delay which occurs in reports of disturbed 
weather conditions reaching the meteorological offices. This is of special 
importance in the case of air-routes, an'd a rapid and practically instan­
taneo~s means of locating thunderstorms and heavy rainstorms ·along such 
routes would be of great value. 

It thus appeared desirable to explore the possibilities of the use of the 
Cathode Ray Direction Finder in South Africa, and the present paper 
contains an account of a preliminary investigation on these lines using a 
single station located at Cape Town. • 

DESCRIPTION OF APPARATUS. 

The principle of the apparatus has been fully described elsewhere,*t 
and only a brief description will be given :here. 

Two identical frame aerials are set I up close together, their planes 
vertical and at right angles to each othe~, the one along the North-South, 
the other along the East-West geographical meridian. If an incoming 
electro-magnetic wave is such that the horizontal component of its mag­
netic vector makes an a11gle A with the plane of the N-S loop, it will induce 
in this coil an alternating E.M.F. proportional to cos A, and in the other 
coil an E.M.F. proportional to sin A. If these two E.M.F.'s, after equal 
amplification in both gain and phase, be applied respectively to they and x 
deflecting plates of the oscillograph, the resultant trace on the screen 

* Watson Watt, et alia, loc. cit., p. 162. 
t Watson Watt, et alia; Zoe. cit., p. 162; "Radio Direction Finding with the Cathode 

Ray Oscillograph," by D. B. Hodges, Journ. S.A. Assoc. for Adv. of Science, 1936. 
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produced by their combined effect will be a straight line making an angle A 
with the y axis • of the oscillograph, thus giving a direct reading of the 
direction 'of the incoming wave. 

The frame aerials used by us were 1 metre square, and consisted of 100 
turns of :wire with a spacing of o·.5 cm~ between the turns. Each coil had 
a resistance of 12 ohms, and its self-inductance was found to be 14·3 mH. 
Each coil was tuned .by a fixed condenser of capacity 0·015 mfd., so that 
signals were received at a frequency of 10·86 kc./sec., corresponding to a 
wavelength of 27·61 kilometres. The signals were then directly amplified 
at this signal frequency by means of two carefully matched amplifiers. 
Each of these had four stages of resistance-capacity coupled amplification, 
us1ng L.S.5.B. valves. A gain control on the third stage in each amplifier 
provided a means of adjusting the amplitude of the. final signal on the 
oscillograph. Actually full gain was never employed in this work. 
• The oscillograph tube used was a Type A Cossor· Cathode Ray Oscillo­
graph. The compass dial was inscribed on the fluorescent screen of the 
tube by an electrical method.* Three concentric circles were then inscribed 
on the face with the stationary spot as centre, of radii 0·5 cm., 1 cm., and 
2 cm. respectively. , These were used to provide a rapid means of estimating· 
the amplitude of any given signal. A general view of the experimental 
arrangement, showing the frame aerials, amplifiers, and cathode ray 
oscillograph with compass dial, is sh9wn in Plate VI. 

The methods used for the matching of the ,frames and amplifiers both 
for gain and phase, were thpse laid down by Watson Watt t under the head 
of "lining up." In this process a sealed oscillator was used to inject 
into one or both of the aerials a known E.M.F. This oscillator was of the 
usual Hartley type, tuned to the required frequency, and enclosed in a 
welded iron box with a mercury seal, as perfect screening of the oscillator 
is essential. 

The various stages in this "lining up" -process are, briefly, as follows:-
(a) A strong signal from the oscillator is injected into one aerial, 

while the other aerial is connected through its amplifier, set at 
maximum gain, to the plates of the oscillograph. If any signal 
is indicated, it shows that coupling exists between the two coils. 
The second coil is then moved in its own plane until no signal 
is indicated on the oscillograph. 

(b) The two sets of oscillograph plates are connected, thus throwing 
the signal from the test oscillator equally on to both sets. The 

• resultant signal on the oscillograph disc will be a straight line 
at 45° to the axes, knqwn as the reference line. The amplifiers 
are then matched, stage by stage, by commoning their respective 

* Watson Watt, et alia, loc. cit., p. 162. t Wat.son Watt, loc. cit. 
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inputs. Any departure frbm equality of gain is shown by a 
deviation from the referen()e line, and can be adjusted by the 
gain controls. (If careful matching of components has been 
adopted in c'onstruction, this is usually found to be inappreci­
able.) If inequality of phase exists, it is indicated by the 
signal becoming an ellipse instead of a straight line. This is 
adjusted by means of a phasing condenser in the one amplifier. 

(c) With the amplifiers matched,. any deviation from the reference 
straight line in the signal from the oscillator injected equally 
into both frames must be due to faults in the frames themselves. 
These are finally adjusted by means of a variable condenser in 
parallel with the fixed tunin~ condenser on one of the frames. 

METHODS OF 0B
1
SERV ATION. 

After the process of "lining up" is completed, the gain controls are 
adjusted so that the signal from the test oscillator has a given amplitude 
(usually I cm.). This is done so that u~e may be made of the amplitudes 
of the signals from various sources and on various days for comparison 
purposes. The oscillator is then switch.ed off, and readings taken over a 
stated period. One observer watches the dial, and, as each signal is 
observed, calls out its direction and amplitude. These are taken down and 
tabulated by an assistant. It was found that greater accuracy could be 
obtained by allowing the observer to concentrate on observing alone, 
instead of tabulating his own observatiotls. Directions could be estimated 
with an accuracy of ±3°, and amplitud~s were obtained by means of the 
concentric circles on the dial. In this preliminary work no arrangements 
were provided for obtaining the sense of 1the direction of the signal. With 
the apparatus as so far described, signa\s both from the North-West and 
from the South-East, for example, would give the same straight line on 
the dial at 45° to the axes. Continuous observations were made for a 
period of about ten minutes each day ~he instrument was in operation, 
usually in the afternoon between 2 p.m. and 5 p.m. local time. In a few 
cases morning and night observations were made, mainly to test whether 
any general variation in amplitude was npticeable. 

We are greatly indebted to the Chief Meteorologist, Irrigation Depart­
ment, Pretoria, and to the Chief Meteorologist of Southern Rhodesia, who 
kindly supplied us with the meteorological maps compiled by their respec­
tive offices covering the period of our investigation. It was thus possible 
to compile maps on which were plotted the bearings given by the direction 
finder together with the meteorological information from the departmental 
maps. From this information we were able to ascertain the range of the 



Thunderstorms and Atmospherics in Southern Africa. 85 

instrument, which was found to. be about 2000 miles from Cape Town in 
the afternoon. Sources correlated with actual thunderstorms ranged in 
distance from 350 miles to 1000 miles from Cape Town. 

Table I is an extract from the log book showing a typical set of observa­
tions on one afternoon. Observations were made on 26 days between 
3rd September 1935 and 18th October 1935. 

Date: October 9th, 1935. 

Time: 13¼ hours. 

Run: 10 minutes. 

w. 
30° 

10 
10 
8 

TABLE I. 

Oscillator }i 
Calibration cm. 

Observer D.B.H. 

N----+ E. 

10 15° 45° 

10 6 
7 Continuous 8 
5 Amp. 5. 10 
8 

10 
8 
8 
8 

GENERAL SURVEY OF RESULTS. 

70° 

8 
20 
10 
8 

10 
10 
10 
10 
8 

10 
10 

The series of maps shown in figs. 1 and 2 cover the period of the investiga­
tion, and we have included a map for each day on which readings were made 
with the instrument, with no omissions. The straight lines indicate the 
bearings of sources of atmospher~cs as given by the Cathode Ray Direction 
Finder. Against· each bearing there are three symbols. 

1. M. A. or E. indicated that observations were made in the morning, 
afternoon, or evening. 

2. The second symbol indicates the average amplitude of the signals on 
the compass dial from that particular bearing in millimetres 
reduced to a common level for comp,a.rative purposes. This stand­
ard setting for amplitude is that which gives a deflection of 1 cm. 
from the standard oscillator, and represents an input field strength 
of 1020 micro-volts/metre. 

3. The third symbol indicates the average frequency of 'the signals from 
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a particular source,• the figures giving the average number per 
minute_ during the period of observation. Where this average 
frequency exceeds 1 per minute, a heavier straight line has been 
used to indicate the bearing. 

. ,uoo• : 
, A7 AtlOJ 

. . 

, ,•• ••• l A tOO 

I '1L 10. J!:i. 

Fm. 2. 

In general it was found that afternoon signals came in continuously with 
an amplitude of about 0·5 cm. from the well-known active area. of the 
Congo watershed. This source, actually extending in bearing from 5° 
to 15° E. of N., is shown on the maps by a dotted line, and in our observations 
we usually neglected it for the closer study of nearer sources. 

.. . .. 
_.-,-.r . .-

., 
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RELATION BETWEEN THE BEARINGS OF ATMOSPHERICS AND 

REPORTED THUNDERSTORMS. 

During the period under review_the meteorological maps indicated that 
'thunderstorms were reported as having· occurred in fifty-four different 
places. In 35 (65 per cent.) of these cases 'atmospherics were detected, 
during the,running of the instrument, with bearings lying within 3° of that 
of the reported thunderstorm, and in 48 (89 per cent.) of these cases the 
bearing lay within 5° of the reported thu:nderstorm. When it is remembered 

' that the usual time devoted to the making of observations with the direction 
finder was ten minutes per day, while the meteorological reports cover the 
whole twenty-four hours, the agreement is striking. 

In all a total of 174 bearings on sources of atmospherics was obtained 
during the experimental period, 57 being from sources located in the 
Atlantic and Indian Oceans, and 117 from sources over the land. Of these 
latter land sources, 27 (23 per cent.) gave bearings within 3° of those of 

• thunderstorms actually reported on meteorological maps, and 15 (13 per 
cent.) were associatE:d with the acfore region of the Congo watershed 
previously mentioned. Of the remainder, 37 (31·5 per cent.) were from 
directions indicating sources in S.W. Africa, the Kalahari, or Bechuanaland, 
all regions where the meteorological report system is practically non­
existent, and 38 (32·5 per cent.) were from other land sources. If those 
directions which the_ report system is known not to cover be neglected, then 
of the 80 recorded bearings 42 (52;5 per cent.) are found to be definitely 
associated with thunderstorms. When it is remembered that the report 
system, even in the more populous areas, canU:ot be expected to report every 
thunderstorm which occurs, and, furt):ier, that a certain number of the 
uncorrelated signals were of small aierage amplitude, and thus might 
very well be associated with depressions in the Indian Ocean, it is reason­
able to conclude that the lightning flash is the chief, if not the 
only, source of the atmospherics received. In the course of this work 
our observations have given us no indication of any other source of 
atmospherics. • 

OCEAN ATMOSPHERICS AND COAST PRESSURE RECORDS. 

In South Africa there are practically no meteorological data available 
with regard to weather conditions at any appreciable distance from the 
coast on the Atlantic side of the sub-continent. On the Indian Ocean side 
a certain amount of information can be deduced as to the existence of 
"highs" or "lows" at sea from meteorological reports and occasional 
reports from ships 'from India and-Madagascar. An analysis of the bearings 
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obtained with the Cathode Ray Direction Firtder of sources. located at sea 
is therefore of interest. 

ATLANTIC OCEAN SOURCES. 

Sources of atmospherics were located in the Atlantic Ocean on 20 
different days. On 4 of these days (13th and 2111t September, 4th and 9th 
October) there were definite "lows" shown on the meteorological maps 
off the west coast in the region of Port Nolloth. The bearings and ampli­
tudes on these 4 days are shown in Table II. These indicate sources about 
1000 miles away from Cape Town. 

TABLE II. 

Bearings of Atlantic Sources on Days of West . Coast "Lows." 

3 at 30° of amplitude (average) 
1 " 45° " " 
1 ,, 60° ,, ,, 
1 " 65° " ·" 

8mm.*· 
20 ,, 
8 " 

19 ,, 
Average-12 mm. 

On 9 of these days (10th, 20th, 25th, 26th, 29th September; 2nd, 3rd, 12th, 
15th October) there was a general decrease in pressure on moving north 
along the coast from Cape Town, suggesting the presence of a "low" at 
sea approximately 1000 miles away. The bearings and amplitudes of the 
signals received on these days are shown in Table III. 

TABLE in. 
Bearings of Atlantic Sources on Days of probable near Atlantic "Lows." 

2 at 30° of amplitude (average) 
1 " 35° " . " 
2 " '40° " " 
5 " 45° ,, 
3 '' 60° ,, 
4 ;, 75° " 

,, 
" ,, 

" 

16 mm.t 
5 " 
8 " 

10 ,, 
13 ,, 
7 " 

Average-13 mm. 

On the remaining 7 days (3rd, 23rd, 24th, 27th, 28th September, 1st, 5th 
October) definite "highs" were recorded off the coast at or beyond Port 
Nolloth.t The bearings and amplitudes of the signals received on these 
days are shown in Table IV. 

* 1 mm. 102 µ volts/metre. 
t I mm.=102 µ volts/metre. 
t We are indebted to Mr. N. Sellick, Meteorologist to the Government of Southern 

Rhodesia, for the.information that on all except one. of these days (5th October), known 
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TABLE IV. 

Bearings of Atlantic Sources on Days when no near "Lows" were present. 

1 at 20° of amplitude 5 mm.* 
4 ,, 30° ,, ,, (average) 5 " 
1 " 35° " " 4 " 
5 " 40° " " " 6 " 
2 " 45° " " 

13 ,, 
2 " 60° " " " 5 " 
2 " 75° " " " 

12 ,, 
Average-7 mm. 

• It will be noticed that the amplitudes recorded in Tabl_e IV are about 
half those recorded on the two prece~ing tables, and indicate that the 
sources from which the signals were received were at distances appreciably 
greater than those of the previous sources, perhaps twice as great. It is 
reasonable to conclude that these signals came from sources in no way 
related to the conditions existing along, the coast. On 5 days (17th Sep­
tember, 10th, 11th, 16th, 18th October) the coastal situation was such that 
definite" highs" were indicated off the coast, and on one day (17th October) 
there was no coastal variation in pressure, and on none of these days 
were signals received from the Atlantic Ocean. 

INDIAN OCEAN SOURCES. 

Depressions off the East Coast of South Africa are less easy to observe 
from Cape Town, since their effects are often masked by land storms. On 
4 days (10th, 17th, 23rd, 24th September) definite "lows" were recorded 
on the meteorological maps off the coast of Natal and Pondoland. On all 
these occasions signals which could not be attributed to land sources were 
received on the Cathode Ray Direction Finder from these directions. 

REDUCTION OF AMPLITUDES TO INPUT FIELD STRENGTH. 

A land thunderstorm at a distance df 800 miles gave, on the average, 
an oscillograph deflection of amplitude 1 cm. In order to reduce this to the 
equivalent intensity in the same sense as that used by Munro and Huxley,t 
i.e. the field intensity of the continuous wave which will produce on the 
screen the same deflection as does the atmospheric, we proceeded as follows. 

disturbances were passing along the S. and S.E. coasts. The same may apply to 1 of 
the 5 days in Table I (21st September) and to 4 of the 13 days in Table II (20th and 
25th September and 12th and 15th October). 

* I mm.= 102 µ volts/metre. 
t Munro and Huxley, loc. cit. 
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The amplifier gain was determined with an A.C. 50 cycle input, and found 
to be l·O x 104 or 80 decibels. Calculation from the frame constants 
previously given then yields an equivalent field intensity of 1020 micro­
volts/metre for unit deflection. The corresponding figure obtained by the 

• Australian writers is 1000 micro-volts/metre. As the above method of 
reduction is only approximate, the close agreement is fortuitous. 

THE RANGE IN THE AMPLITUDE OF ATMOSPHERICS FROM 

A PARTICULAR SOURCE. 

The question of the actual range in the amplitude of atmospherics from 
a particular thunderstorm is of some practical importance. In analysing 
the observations for this purpose· we have found it desirable to omit con­
sideration of all storms which gave maximum amplitudes on the screen less 
than 20 mm., in view of the possibility that very small deflections might 
have escaped notice. For 27 storms giving maximum deflections greater 
than this, the ratio of maximum to minimum amplitude has been deter• 
mined, and a distribution table is given below. 

TABLE V. 

Range of Amplitude of Atmospherics from a Partio·ular Source. 

Ratio max./rnin. lying between 0-1 1-2 2-3 3-4 4-5 
-- ---
Number of cases ·o 3 10 5 9 

It will be seen that the most frequent value for this ratio lies between 
2 and 3. The few observations made at night indicate clearly a rise in the 
average amplitude of atmospherics from a particular source after dark by 
a factor of the order of two, but are insufficient in number for further 
discussion at this stage. 

The investigations described in this paper were griiatly assisted by the 
advice and co-operation of the staff of the British Radio Research Station, 
Slough, and, in particular; of the late Mr. J. F. Herd. We wish to thank 
Mr. Linton, of the University of Cape Town, for much valuable assistance, 
and the Government Meteorologists of the Union of South Africa and 
Southern Rhodesia for their interest and co-operation .. 

SUMMARY. , 

Directional location of sources of atmospherics on a wavelength of 
27·6 kilometres from a station in Cape Town has been carried out over a 
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period of 26 days in September and October 1935. Eighty-nine per 
cent. of the thunderstorms reported by the meteorological report network 
were correctly located in bearing. Fifty~three per cent. of the bearings 
over regions covered fairly satisfactorily by the meteorological network 
were definitely associated with thunderstorms. The results thus support 
the conclusion of Watson Watt and others that the lightning flash is the 
chief source of atmospherics. 

Sources of. atmospherics over the· Indian and Atlantic Oceans are 
shown to be related to the presence of ocean depressions. The ratio of the 
extreme amplitudes of ·atmospherics from a particular source has a range 
of between 2 and 5. The sources observed ranged in distance from 350 
miles to 1000 miles. 
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