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Abstract An anslysis af the rates of change in the geomagetic

rield components in the period range 70 - 600 sec recorded At Kendavil
and Hikkaduwa,iwo stations in the equatorial electrojet belt near the
nothern and south western coasts respectively of Sri Lanka, shows
anoralous variations.The results confirm induced current concentration
in the Palk Strait and deflection of induced currents round the southern
coant of Sri lanks postulated by earlier workers from observations of
33 and Bay events at Indian ntations aand from analogue and numerical
model studies, At Kondavil,which is situated close to the geomagnetic
aruator,no appreciable differense in the night-time and day-time wvnlues
of AZ/AH and AD/AH ratioz was noticed wiile nt Hikkaduwa,n otntion
aitusted under the edge of the equatorinl emlrrtrejet belt,n day=time
onhancement of AZAH raties was found nt nll norieds in the observed
range, An enhancement of tha H component at Colombo over that at
Hikkaduwa was alao found at short periods,the enhancement heing greater
at day-time. The day—time enhancement in the AZAHR ratios at Hildeaduwa
and in the ratic of the H compenents at Golembo snd Hikkaduwa could be
duc to the eff2ct of the eguatorial electrojrt on the short peried
variations,

1. Introduction Anomalies in transient reomammetic variations Auch as
Bayn, 35Cs and Substorms have bean observed st three permesnent Indian
magnetic observatories,Privandrum,Annamalainagar and Kodaikanal, which
are in the equatorial electrojet belt.0f these,the first twe nre in the
coastal region and the snomalies there hrve been the subisct of intensive
study by several workers{Nitiyananda et al,,1977;Rajaram et al,, 1979;

Srivastave and Abbas,1980; 3ingh et al,,1987), fmilar anomalies have
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been obnnrved at a number of femporary stations in the South Intinn

coastal rogion{ Thakur ot al.,1981). It has been siown{re.g. Witiyananda

et al.,1977) that the anomalies at Annamalsinagar and Trivendrum

cannot he explained on the usual coast effact. Regilonally induced

currents  ehannelled tharsoes o comiduet fae regior in Loe Towes crogs or
upner mantle udnder the Palk 3trait and defleacted round the southern tip

of India have bren invoked as the ponsible soureces of thesa anomalins,
Analogue { Pamamastorikas and flacrendel,1983) and numerical( Takelia and
Maode, 1979; Ramaswamy ot al,,1935) molel stulies scem to sunnort thin
view. For conlirmaticon of the axirtence of o channelling covlucior

between Indin anl Sri Lanka, howaver,it i¢ espential to have dsta from

Gri Iankan wtations, The limitation imnosed by the non—=availnbility

of such dats has heen i:Aianted asrlier by Titiyaannds and Inyakuwnne(1971).
Popamastorikas and Uanrendel {1993)  have pointed out the nend for ctulisg an
the dependenacce of AZ/AH ration on nariod on eithar side of the Palikc

Strait to derive quantitative conclurions on the opatial extent of the
conductivity enhaneemants, The only published dats available Trom the

5ri lankan side so far have been those taken by Kannangara(1977) at
Colembo,a coastal atation,and by Kunarstnam{1781) at A aumber of inland
atations,on the variation of A%/AN in the period range ™ — 600 snc,

Theae datn refer mainly to variatiean at day—time wiacn the nonanilormity
of tha »rimary current cource ndds to the complexity of the nroblem nnd

to station: which are lesz likely to be allfested by currents channelled
through the Palle Stenit or defleocted round the southnrn ronot of 5ri Lanka.
I1 the prosent study,data on ARAN and AD/AH at Fondnwil, AZAT at Mildomduwn
nid the rntio of the I components at Colembo and Hikkadwra,all in the
period rango ™ —~ 600 sec,are presented aad discussed. Kondewil is

about 12.5 lm from the nothara and western coasts of Jaffna Peninsula,

Sri Lanlka and Hikkaduwn in about 3 km from the south western conut of

3ri Lankn. Colombo in about 0,5 km From the westora const of fri Lanka,

Il
oo

The locations of the stations are showm in fig-1 in a map of India

and Ori Lankn, Also shown in %his map are Annamalainagar nevl Trivandrum,
two permanent magnetic otations in India,and Adiramapatiinam,n temporary
station used by Thakur et al., {1981) which is closest te Kondavil

across Ltho Palk 3trait,

".Data and analysis The data dincusred in this naper refer to thoano

recorded at Xondawil from T April 1973 to 7T April 1973, 70 Jun~ 1971
to 3 July 1973 nnd 16 July 1973 to 19 July 1973 ~wd o4 Hilkahwen From

3 February 1975 to 17 Marsch 1975 ucsing two air nored industion cedls wish
malvaometer amplificrs.'The details of the Iletoectors ol dheip opevrstion
have been described elsowhere{ Yimorntnnm, 1951}, The vormal cnanitivity
of these detectora wasr ~bout 0,01 -7 .':—lmm_l,hu.‘r, the renaitivigic.

eould he raisad or lowersd by adjusting tho min of Yhe »npnlifiner .,

The ryailabilidy of only two detectors limitnd tho oaose of Ahe trorh
considerably, At any utation,only ratan of <hange of fwo of tho threo
somponents 1,0 rnd B could be recorded rimultancousnly.tt Koendlevil
conrtinuous records of either r]_}i,-"dt and :1Z/r‘:b or 'Hi/rlt anrl 'lf),"r‘:f Worrn
talzon during the periods menticned above,At Tikkaduwn, the recordiags
had to be terminated unexpectedly due to iastrument failurs oad only
simultanecus recordsc of AH/dt and A%/dt were taken Auring the peloevant
neriod,However,during this neriod, = trizl run for thrae dayo uns mevie

of a newly comstiructod detector nt the Thivoarsity of Colembo avd rocording:
of dH/dt over o day and ~ night beeame nvailable Cor commarison with
thone nt Hilkadwrn, Records ot nll stations wore talken at ~ olaph ool
of either 6 or 17 iaeh ner hour,

Vicual inspecetion of the records showed o strony rorrelation hetirona

D and H at Kondavil and nlso bhetwren 7 and B ot both Kondavil and

Hikkaduwa.At Kond~avil when I incrceased northwards, ™ ivcrcancd nmards

and D westwards, At IlHkkadwsas when 11 inoreased northeards, 5 iueroensed
lovmwards. iccordinglyy, AZ/AH and ADJAH have boe: 4akea noeative ot

Fondavil wkile ot Hikilwes AZ/AN in nositive.These vatios wore  comnutod




using the peak to neak amplituder of signals which had clear sinusoidal

or quasi-sinusoidal appearance and extended for more than one and a

half full period. In fig.”, A7/AYN values at Kondavil have heen plotted

as a functjon of pericd for day—time (6 — 18 hr) and night-time (18 - 6 hr).
The day~time plots rvorrespond to 305 simmals and the night-time plot

to 99 zmignals.The solid curve represents i smooth line drawn visually
through the centroid of points and indicates the generzl trend of variation
of AZ/AN with veriod.In fig.3,a similar pleot han been made for AD/AH at
Kondavil.5l day=time events and 21 nightwtime evants were used in this
plot.d nlot of AZ/MH at Hikkaduws as a function of period using A4 day-time
events sand 74 night-time events is shown in fig.4. In figs,5 and 7
simultaneous records of 4H/dt taken during the night and day respectively
on 16 February 1975 at Colombo and Hikkaduwa are shown. A nower spectrum
analysin of thesn records were mnpds by the Blackman=Tuksy method and the
results are shown in lMigs.6 and 7 reapectively,

3. Discussion of results

3.1 Anomalies at Kondavil It will he nenn from fig. ” that the AZ/AT

ratios at Kondavil are small at shert periods but incresze in mapmitnude
with increase in neriod rathsr rapidly at first from n valus of about
=N,1 at 30 sec period to about =0.35 at 170 sec period,The incresse iz
praodusl theresftcer and the ratio reaches a value of about =0D.5% in the
neriod range 360 - 600 snc,No appreciable Aifference in the day=time and
night=time values of the ratios could be seen,Similar variations in ADAR
with period can be noticed from fig.3. In this case AD/AH increases in
magnitude from a valuc of about -C.1 at 30 sec pericd to about =0,3 at
170 sec period aAnd remains mere or less constant at this value for higher
pariods.The number of lomg period night~time signals available for
computation of ADAH was small no that no firm coiclusion could be made
about the night=time values of AD/AH in the long period range although
the few long period signals available indicated the same value of -0.3

for the night=time ratio.

-

The higher period ramge in the present study,i.e about 360 — 600 ses,
sorresponds to the lower period range of the night=-time 33C events
studied by Witiyanandn ot al,{2977) and Thakur et al.{1981) at
Trivandrum, Annamalainagar and ether Indian stations.The night—time
AZ/MAH ratios at Trivandrum and Annamalainagar for this period range
ware reported to be 1.26 and 0.41 respectively and the corresponding
AD/AH ratlos were 0,11 and 0.3 respactively(Takeda and Maeda,1979).

As the nipht-time indueing field in the acuatorial repion= does -0t have
appreciable % or D componsnte,enomalous values of % and D nresent in the
peomagnetio variations in the equaterial regions have to be interprated
in terms of perturbations of the induced currents by the complex land
osaan boundary and the presense of any anomrlous conductors.As mentioned
rreviously,the anomalies in the 2 and D variations at Trivandrum and
Annamalainagar cannot be interpreted in terms of coast effect nlone.
Purther, the analogus model studies of Papamastorakis and Haerendel(1983)
rhow that at periods corresponding to 530 and Bay events,there cannot be
sppreciable current channelling through the shallow waters of the Palk
Strait,The nlght=time anomalies in the % and D variations at Annanalainagnr
and other coastal stations in South Pastern India have been interpreted
in terms of regionally induced currents chennelled through A conducting
region in the crust or upper mantle under the Palk Strait.Geology and
tectonics of Southerm India seem to indicate the presense of rift ronen
in the region which can provide such a conducting channel in the crust
or upper mantle(Nitiyananda and Jayakumar,1981; Thakur et al.,1981),

The present study reveals the existence of anomalies in 2 and D
variations at Kondavil which are comparable in magnitude tc those ohzerved
st Annamalsinagar,Purther,the sense of variation of Z with respect to H,
which is opposite to that at Annamalainagar and the sense of variation
of D with respect to H,which is the same as that at Anmamelainagar,
reinforce the idea of ourrent concentration in the Palk Strait which
lies inbetween Annamalainagar snd Kondavil,This view is further

strengthened by the reported presence of large ~nomalies in the 7 aal D
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Unlike ¥Kondavil which lies close to the geomagnetic equator, Hlxkaduwa
variations at Adiramepattinam(Thakur et al,,1981} in the same senze as

is situated helow the edge of the adquatorial electrojet.it day-tine, a 7
that at Annamalainoasar.  Adlrzamapattinam Is Lhe olosest Tndian station

compornent in the nrimary field varistion ceould be exnected ot Hikkadwnn,
to Kondavil aecrons the Palk 3trait,

This % variation will be in the same sense az that due to the induced
For periods lass than about 90 sec,the skin denth for an ocean of
-1 currents daflected round the southern comst of Sri Lanka and the two
sonductivity 3.6 3 © would be lons then ? km which is the Average depth

variations will reinforco eash other producing the oborrved eahancernent of
of the oecenn surrounding Sri Tanka.At these periods,apprecisble cureeats

'thraAZ,ﬁH ratios at day=time,Additional ~ffectrn duc to the differcice in
will be indunnd mainly in the ocenn waters surrounding Jri Tanka and

the day-time rnd night-time induced curreat nattera may also be nrooent,
India and channelled throush the shallow waters of the Palle Strait

At Hikicaduwa anomrlies were noted in the H wvariationn o wellld rtring

nad the underlying high conducting nediments which are ronorted to be

of three Pi? aventn ware rocorded at Hiklcadirsn nidl Colomi:o on tha night
About 2 km thick{Ramaswamy nt =1.,1985).4t hiphnr poriods, substestinl

of 16 February 1975{fim.5).The amiritivity of the JIatentor #t tnlomio
currents will b induced 11 $hn oceanin Aand continontsl criastn cad Ghe

was 1.13 £ 0,07 times the seanitivity of thn letoctor ~b Flildmdine af
onernic miatls ~m well and tho surrents will be abannelled not  oily

a1l periods, It will be apparent Crom Fig.5 that evan altoer alleving Tor
through the high conducting sediments but alsc through the pronesed

the difference in semaitivities,the 11 /3t -nlums et Hikkaduwn are lower
conducting channel in the crust or upper mantle under the Palk Strait.

than thase at Colombe for periods zorrvesroli v~ to thone of fthe cwvorto
Detail model calculations ofAZ/AH a3 a function »f reriod are not

recorded,The records wore difFitised every 17 nne 2ol the powor nnanten
available for comparicen with the present data.lowever,the enlculations
of thn zimnls comruted by the Blociman=Tukcy mothold using 2 total nf 370
of Takeda and Maeda(l979) indicate that the soncentration and diffusion ”

noinds il on 1o of 04,7t in rrf“.r:1(ri,rf.6) thad the nower in conacoatpoded
inte land of the perturbing currents due to chanmelling throush the

within the seriod roaon “AT?Y ane, The ralio of $hn oouse 2d Hiveduen
Palle Btreit and deliection ronad She souliern aonst of Dvd Tanks fnevense

to thnt =4 Oolombo ia the U Fflercit Crasweicy oevts wuithic #5is roare 1o

with inerensn in veriod.'fhis might account for the inarenne in AZAT
s - - ,' -
more or less consfant ol in abont 0.4 miving o waluse of Q.59 forA]xHAIz,,,
values with period at Kondavil, ‘
the rotio ol amnlitules of 11 variations =8 Titledimn and Jelombo, e $he
3.7 Anomalies at Hikkaduwn An mentioned nreviounly'thné”fj./AH ratios at

. sifmals were considerel no threo nonopate aventn anl their opuer soecten
Hikkadwwa are positive and their values are much higher than thoge at
. computed soparately ne substantial Aifferanse in thoe rosult wuns obtnined,
Kendavil{fis,4).The ratos incre~se with incrence in period from about
A similar susnresgion of K owvaluen at short nmerieds wan nlon renorted by
7,40 a2t 60 nen neriod to about 1,0 ot 260 nec neriod ot nighf=tinme.
Jingh et al, (1997) at Trivandrum.The reduction it the valuss of ook
Tha correspondiae valuan ot try—time nt thesn nariods are ~hout D.50 and
. Hilklzadimwa at ~hort oeriods in relntion to thosoe nt Colombo onn b wvlerstond
1.4 resvecctively.Thus, there is a marked day=time enhancement of the A%/AH
. raalitatively in terms of the medel calnulatioan piven by Talieda aard Hee b
ration at all periods.The night=time value of 1.0 for 360 sec period
. (1979) and their fign.” and 3 giving tho contours of the ~Alitionnl
is comparable to the value of 1.76 chserved at Trivandrum.Such high
(pertursing) currents when the primary inducing field in nortlemrds.
values are to be expected at Hikkaduwa and Trivandrum as these stations
. Hikadwra in clese to the castward Flowinsg perturbing surrent:, the offact
lie closc to the concentration of induced currents deflected round the
of which will br to roduce the northward horisontal comuoasat of TAkaqduse,
southern coast of [ri Lanka and the southern tip of Inlin respectively.
it low meriods the effaect of those nerturbins currentn 0t Oolombo 11311 he
-6
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small and the net renult will be an enhansemont of the H compozent nt
fiolembo in relation Lo that at Iikkadwsa., At higher periods,however, the
perturbing currents will diffuse Tar inland and the H variations at
Golombo too will be supnreased, fimilar arpusments will anply o the
swmression of 1 varintionsat Trivandrum reported by Singh et al, (1987},

At Any—time oa increoasced enhancement of 1 variations nt Gelombo in
relation to that at Hilkkadwen, sresumably due to the effect of the equatorial
alactrojet,was nobiced for short nperiod varintieas, A visual inspection of
simultancous rocords of dl/dt talen at Coleombo and Hikkaduwa at day—time
on the same day,that is 16 Pebruary 1975,rovesls that chort period
variations in the Colombo ranerd ara mparessed in the Hikkaduwn record
(Ti=.7).Thi= in horne out morn nlearly from the pouer snootra of the
Aatmals(Fie. ). In thie eane o tobal of “AO0 »oints A riticnd 2t 17 aec
interval Al o Iy of A7 were nsal in 4l ennoulation of thie sower ameotro.
The norer 1w conceatrotad in banda of anriods within t'e rogms P7=36 ceey

k! PN - - . .
fiAT cee, 45~96 non nnd 36=N75 sen and in B oen panges the ratie of power

ot Ml to that ~t Golombo are ~hout 2,1%,0.37,71,07 nai 9,86 pommantively,

corrennoling o ration of A]L”"AFI{‘ of MG, 0,57,0.90 andl D097 roannctively.
Thuyat thie short anriod and t‘.nuﬁ?{llh‘.lr.l rotios cpn lovwnr Kl the

B s el 0 A o+ 4 " . . N . .
corresponading aibteting ralus, I4 should housvyer B harae 10 wde 1 Aot

A ool records taloen only oo

thers aonalunions are hased oo the Al
o day ol one aiaht,

Ae Oonslusioas Aqomnlion in moorsimmetic variations in the veriol ronge
"0~ G0N0 sac howa heen observoed ot Kondsvil and Mikksduwa, twe stations in
i erquatorinal eleotro jot helt elene to the northera and south venbern
coarttn renpectively of Ori Lenka,'The anomalien ot Konlawil can bo oxplained
aqurlitatively in terms of induesl currents channelled through conducting
romieons wider the Palk Stroit and those at Tildaduwn in terms of induced
currenty deflected round the southarn const of rl Lanka., A day—time
anhanccnent ol AZS»'Q.\H retios =t Hikkoduw~ at nll porieds and o similar
enthiencenent of AI[C-’AHH y the ratio of Il somnonewt: Al Colombo

sl Tsscliner At short perdods wern abaervad, Detail motel ~nleulntion:

of AZ/AH as ~ funstion of peried and magnetic array studies in the
northrestern and western coasts of 5ri lLanka are necesunry for n

ruantitative intnrpretation af the detn and the Aelinanstion of the
vroposed condusting chrnnol wder the Pall [Hrait,
Ac]mowledm,mew‘as The experimental part of the work renorted in thi~
papaer was dons while the author whs 2 membar of the atafl of bhe
nemartrent of Phyrinm,University of Colombo, iri IAnka. Tin anl o
of the datn wan meda during = winit to the Taterantional Centre for
Pheoretinal Physios{ICTPY, Ttaly,~s an Asnocinta,The suthar wilohies Lo
thank the Univeraity of Colomba for the Pasilitics nrovided and thin

TOTP for the Azsociateship, Te woulid 1ike %o thank Trofensor

Abdus Salam, the Tnternational Atomic Fnergy Apency and NE

hospitality at the International Centre for Theoretical Thvaies,

Trieste.
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