
an Lightning in the Physics .Department 

$9. E. T'. Kamangara. 

U q a r  tmee t oj' Physics, Ujzi~erslly of Cdom bu, C Srz Lan ka, 

'The Pi~ysics Departnient of the Uiiiversity of Colombo 
is at present engaged In a Research Programlne on 
E~gh tn~ng  111 c ~ l l d b o r ~ ~ t ~ o n  with tlie Sri Lankd 
hietcorolog~cal Uepa~ unent dnd the Un~verslty of Uppsnla, 
Sweden. 

As a start, relatively i~~expensivc devices called 
Ligl~tiiing Flash Counters are being used to invis~igate. 
the patterns of lightning tha.1 occur in the neighbour'r:ood 
of Colombo. 111 particular, i t  is lioped to use these 
lnstrulilents to estimate th.e annual incidence of Cloud to 
ground ligl~tlling strokes in the Colombo area. 
'This information would be valuable in estirnzting the 
risk from lightning strikes t o  a particular 
struclure like a television antenna for example. 
It is hoped also to extract an important par:tmeter of 
lightning through, this research, namely tlie ratio of intra, 
cloud lightning flashes t o  c l o ~ d  to ground flashes. 

A lightning flash counter is triggered by the 
Electric field change that results froin. a ligh-trling 
discharge. In the case of an intra-cloud discharge the 
eff;ect in the tropics is essentially due t o  the dischai+e of 
an electrical dipole with its negative charge at an alt~tude 
of about 5km and its positive charge at a higher 
altitude of about 10km. Experimental evidence 
gathered over the years by varioiis rasearcl~ers suggest 
llaat in this type of disclzarge currents of the order of 120 , * .  ,- , 
Amperes flow between positive and negative charge ;I ,I 
concentrations in a cloud for about 250 milliseconds, . . - 
ncutralisiilg about 30 coulonlb of ch.arge. 
There is evidence to show that superposed on th.is floiv 
of current there arc short bursts of current where the 
current rises t o  aboilt 1400 Amperes for short periods 
of about 1 millisecond. I f  the electric field in the 
vertically downward direction is regarded as positive, 
en intra-cloud discharge causes a p~s i t ive  iield change 
at the earth's surface at clos:: distances within about 9kua 
from ,the discharge measured horizontally, but it causes 
a negative field change beyond 9km. Aiso, due to 
the relatively low level of c~~r r en t s  and rate of change of 
currents involved, the electric field change due 
to  an intracloud discharge is dol~linantly electrostatic 
i l l  nature. This is in  contrast with 2 cloud to ground 
stroke where very Jnudl larger currents of a muclz more 
inipulsive ilature are involved which give rise to 
zadiation field changes which are appreciable. 

In a cloud to ground flash, at  first a narrow 
column of negarive chdrge lowers towards the ground 
f ~ o m  the cloud base and whcn tlie column comes to wlthin 
about a 100 metres from the ground, narrow co1un111~ 
of positlve charge rise from po~nted earthed structures 
like trees, bushes, blades of grass, man-niade 
structures llke ~elegraph and electric Ilnes, 
llglatrl~ng conductors, televis~on antenna, ctc. Jl onc of' 
these upward travelling poslt ive coluniiis inakes contact 
w ~ t h  the downcoming negatlve colu~lln from tlie cloud, 
the result 1s spectacula~. The negative charge on the 
do:vncom~ng column from the cloud, w h ~ c l ~  amounts to 
about 5 coulombs 1s d~scharged violently to E a ~ t h  111 
a few m~cro-seconds, with tlze dlschdrge currcnt 
peaking a t  values of tlie ordel of 20,000 to 100,000 
Amperes. The d~scliarge 1s d~corupanled by a bright 
f lash of I~ghtning and a Io~ld clap of thi~nder. 

The clectric field. change caused by this type oS 
discharge is positive at all distances from thc 
discharge. The electrostatic field change 1s like a step 
voltage change. The ~liagnitude of the change drops 
off as the cubc of the  distance from [lie dischargc. 
Acconlpanying 111e electrostatic field cl~ange is a ~-k\diation 
field.due to the very large rates of change 
of current involved. 'r11e radiation field drops off  only 
as the f i s t  power of Lhe distance. TJius beyond about 
20k-m distance it is the radiation field chafigc ~ h a l  
dominates and this field change Is  appreciable at . ,.. 

.distances extending to about 60km. . - . . 

The Liglztning Flash Counters beii~g used in tile pyesent 
i~lvestigation are two typcs callecl the V03 countrr and the 
V 0 4  counter dcsigned by the histitute of High Voltage 
Research, University olilppsala, Sweden and gif ed to us. 
Botli tl~.ese counters ~isc ideniical vertical a~itenlzae~ 
In both counters, basically a voltage V, jt) fed to the 
antenna gives a voltage V, (t) through a filter circuit 
to  the base of a 2N 914 transistor. If V, (1) exceeds 
0.58 volt at any time there is a count. After a count, 
t l~ere is  a dead time of ! sec before the cou~lter is 
ready t o  register agair?. The antenna filter 
cissuits are so designed that a sill~lscidal signal u t  
Vi (t) of fixed amplitude but variable frequency, 
gives a sinusoidal signal of 111aximurn amplitude, 
V, (max) say, at  a frequency f,, with the responsa 
dropping offoll  either side of £0 suclz that the 



mplitude of V,at a frequency mf, is the $$me as the 
amplitude of V ,  a t  a frequency f,/m where m is a real 
positive number. Tn particular, the re.sporlse 
drops to 10/17 of its maximum value when rn- 5 .  
For the V03,  f, .= 50OHz and for the VO4, 
it is IOkHz. Tlze threshold of courlt~ng of the V 0 3  
I S  for a sinusoidal input signal of frequellcy 500Hz 
and amplitude 1 5 Volt to the alltenna and the threshold 
for tlie VQ4 is for an input signal of frequency 
lOkHz but the same amplitude of 15 Volt. 

Wllen a V03  and V 0 1  are operated together, a 
characteristic counting pattern is observed as a 
thunderstorn1 approaches from a distance. The VU4 
starts counti~lg first. As the storm approaches closer 
the V03 begins to register in coincidence with the VO.4. 
When the storm is close enough for thunder to be 
distinctly heard, that 1s within about IOkm, the V 0 3  
counting rate overtakes the V 0 4  counting rate rather 
dramatically. When the storm is withln about 5km 
distance, the V 0 4  counting rate picks up and catches up 
with the V03 rate. The pattern then repeats Itself In 
reverse order as the stcrm recedes from the couuters. 

We have interpreted this counting pattern 011 the basis 
that the V04 registers cloud to ground strokes through 
the radiation field a t  distances beyond about 20kin. 
Within 20km the V 0 3  begins to  rcg~ster ground strokes 

t hough  the e!ectrostatic field change, 
When the storm approacbcs wi!hln IOkm, because ofthe 
field reversal of the electrostatic field change cadsed 
by inter-cloud flashes, which was cxpla~ned earlier, 
the V03 starts registering intra-cloud flashes as well. 
Whcil the storm IS al~llost d~rectly overhead tlae YQ4 
IS also scnsrtive to the electrostatic field changc caused 
by intracloud flashes and so ~ t s  counting rate picks up and 
catches up with the V 0 3  rate. 

Countrug data fro111 the two counters ha\ c bcel? collsated 
for a continuous perlod of almost two yeais, 
These counts arc being colrclatcd with v~sual and ;rural 
reports of thunderstor~ns sent in on an hourly 
b,isis 24 hours a day from n~eteorologlcal stlbstal1on5 
and Pl~ys~cs A-level school teachers and studciits 
scdttered all over the country. From the dndlysls of 
thls data and on the basis of the ~nterpretation of tlie 
coullting pattern of the counters glven earlier, ~t i s  
poss~ble to deduce Ihe average nuinber of rntsd-cloud 
rlashes strong enough to t ~ ~ g g e r  the counters per ground 
flash and the average numbei of cloud to ground 
f1,~shes per year hlttiag the ground wltll~n a dlslauce oi 
roughly lOk~n from the counters The a~ra lys~s  done so 
far llldicdtes that there are d t  least 10 ~n~racloud I'lasllcs 
per ground flash In the C0l0lnbo area and that 
aaauaily there are about 2000 11ghtnlng h ~ t s  to ground 
w~ th ln  a radrus of about l0km In the Colombo &red. 
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