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ABSTRACT

Faraday Rotation Al 40 and 41 MHz stgnals from the satellifc DE B
(Explorer 22) recorded simullancously at Atmedabad (dip 34'N) and
Kodakanal (dip 3 4° N) duning the years 1964-69 arc used' (o derive
the latiwndinal profiles of Total Electron Content (TEC) over the Indian
cquatorial anomaiy regon I'rom these profiles the diurnal devetopment
of the equatonial anomaly and 1ls correlation with equatonal electrog:
strength are studied The ancmaly 15 found to maxinuse around {400 1 1
re, two-three hours after the electrojet atimns its peak The anomaly
parametery such as the dip lautude of the anomaly peak, ¢, the norna-
lised depth, d, of the anomaly and the trengthiof the anomaly defined as
S - ¢4 are found to be well Lorrelate ' with ‘the electroget strength

I INTRODUCTIrN

AMONG the various technigues used to study the 1onosphere, one of the most
smmple but elegant techniques 1s the Faraday rotation of 2 plene polarized
wave cnutted from a sateflile.  Low arbiting «atcllites at an aftitude of about
1000 km w1 h polar orbit thus offer & powerful tool (o study, within a very
short duration, the spatial variation of F-region ronisation  From a single
obserying s'ation gbout -+ 10° 1 Iatitude can be studied using such satcllstes
Lattudinal veriation of Totel Electron Content (TEC) has been studicd by
Basu end Das Gupta,! Titheridge and Smuth © Mendoncz er al ,” Gojton and
Walker' and Rastog ef al®® 1n he equatorial and low latiude remon using
VHF symals from the satellitcs BE-B and BE-C Thesc stvdies clearly
indicated the existence of an cquatorial anemaly m TEC, m 15 latitudmal
variation, stmlar to the onc n Jo Fa.
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Dunfotd” obtzinzd a positve coreelation betwsen E-region current system
near the maghetic equator and the equztonal anomaly using tepside sounder
dara. Mac Dougall® and Rastogi and Rajperem® using f, F, values near the
magnctic equator havé given evidence that the equatorial amomaly shows
high conelation with electrotet strength and poor correlstion with Sy
current system. Rush znd Richmond! have obtzmed positive correlation
bewween several parameters of the equatorial anomaly i f, F, aud elsctrojet
strength. As for the equatonal anomaly in TEC is concerned, geomagnetie
control of this anomaly has been studied by Das Gupta and Basu.® Influence
of solar flux and slectroget on the diumal developme=nt of equatonzl anomaly
in TEC has been mvestigated by Walker and Ma'* [t roust be borne m
mirid that the 2bove ™o invesugations are from a single siatron near the
peak of the equatorial anomaly ard hence a complete coverage of the ano-
maly region from dip equator to and beyend the paak 1s not obtamned There-
fore we Have, mn the present itvestigation, studied the dependence of equatorial
anomaly 1n TEC on the elecirojet strength using the data of Faraday retatien
recorded simmltaneously at Kodaikanal (dip 3 4° N, geogr. long. 77°E)
and Ahmedabad (dip 34° N, geogr. long. 73° E) thus covering the complete
anomaly iegion from the dip equator to 30° N dip lautade.

2. DATA AND ANALYSES

For the current mvestigation we have used the Faraday roietion data
of 40 and 41 MHz signals recorded commonly at both Ahmedabad and Koda-
kanal dunng the years 196469 Only the dzta from the satelite S8E-H
having an orbrtal Jnclination of 79 87 1s used This 15 to avoid any Jocal
time difference betwesn the two extremenes of 2 pass ¢ommoan to both the
stations In order to show the region of coverage by ohbservation from
the two stations. in figura 1 two typicel sub-satellite trajsetores of the satellite
BE-B, one north-bound and the other south-bound are shown. The northe
bound pass was on 18 May 1967 and the south-bound pass on 27 May
1967. We can see that the local time différence betweam the two ends of
the pass, te, from 5° South to 33° North, 1s less than an hour and bapce
1deal for laundmal study of TEC The concentric circles conired on the
observing stations ar¢ contours of sztellus zenuh angles (x) as observed from
the corresponding station For exdémple if the sateHue 18 anywhere on ths
dashed circle labelled x = 50° then the zenrth aogle of the saisllite as sesn
froih Kodeikanel would be 50° There 15 a reasanable overlapping zone
which can be studied from both the stattons at zemith angles less than 60°,
i.e, withreasonable accracy. Thus helps in mziching the latitudmal pro-
files obtamed from the ™o stations. The lautudinal coverage achieved is
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Flgmre 1. Conto'ri of constant zenith angles for a satellite at 10C0 km as okserved from
Ah 1edibad (full ines) and Kodaikanel (dashed lines) Two typical sub-satellie trucks, onec
for 18 May 1967 (North-bound) and the other for 2 May 1967 (South-tound) are also ghown to
indicite the region of coverage when observed from both the statiorcs.

from 5° South to 357 North geographic. It was found ‘that-1r most of the
passes, the TEC obtained from observatidns at the' twe stations, in the over
lappmg region, matched weil

The receiving system at the two stations are ideatical and simﬂat_ method
of analysis 15 followed at both stations. The total rotaticn, formule.

_k v
2= MM

where (2 = Faraday .otation angle
k=297 x 10?
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f =frequency in Hz

7 = Magmetic beld factor at the mean field height and N, = vertical
total elettron content

ha. been employed to denve TEC ot every minute dunng a satellite pass
Only passes showing unambiguous QT transiion are used 1 the present
2nalys.  Near the QT regron the above formule fzils 2nd hence a differentiat
formu'a

It is known that about 80°] of TEC 1s within one scale height above and
below ‘e height of Nmar F,. Hence to czleutatc N, zn effective mean ficld
height A = h,, -+ H where £, 13 the height of peak F; lomizavon and H1s
the sczie height at the £, peak 15 used.*® This 15 a velid approximaton as
h ncw corresponds to the centroid of N (k) distribution hence weighing M
equally by the romzation 2bove and below i Thus A 1s chosen as 400 km
for Kcdakanzl and 350 km for Ahmedabad, TEC thus ob‘amed from
Kodaikana! and Ahmedabad were combimed to obtam latitudimal profiles
of TEC from 5°S to 35°N gecgrpaphic latitude

3  RESULTS

Typical latiudaal profiles on individual days are now studied 1n compar:-
son with the .iurmal variaton of horizontal component of magnenc field,
H at Kodakanal. T%. diurnal amplitude of the A field 1s durectly dependent
on the .onospheric current strength Howwmng 1. the dynamo region of the 1ono-
sphere. Therefore a day showing large dmirnal range of H field can be consi~
dered 2. one having 2 strong electrojet current and a small disrnal amplitude
i H s ndicuiive eof weak electrojt current day. Therefoie n figure 2
we have shown typical latitudinal profiles of TEC on a parr of strong and
weak clectrojet days as deaided by the above criterton  The crosses and
crrcles 2rc observations from Kodaikanel end Ahmedabad respectrvely. The
H mognelograms 2t Kodaikanal are clso reproduced for comparison. for
u typical quiot day 9 November 1¥65, the H field at Kodakanal shows a
normal diurnal variation with a maximum electroject strength just after
1100 LT For this day, the latitudinal variption of TE™ shows clearly the
equatorial anomdly witn maxumum TEC around 23° N geogr latitude and
mimmum around §* N (which corresponds to the dip equater o indian zone).
©On another quiot day, 29 October 1965, H field, though having a normal
behaviour, the amphtude of the diurnal variation 1s very small adicating
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Figure 2 Launtdinal varaoon of TEC on typical pairs of streny electro,el and wesk zlecire-
jet Gurrents tor Quset, Disturhed and Storfny conditions. The diurnal vanaiion of horzonul
cormigonent of magnetic fleld va the oorresmmdmz days ixaBo shown, X indicates observauons

rom Kodatwanil and O that from Abm

4 walk electrolt cyrrent on that day. On this day, the lan-
wdinal profile of TEC is completely changed with peak value near aboit
J8! N 4nd the peak 15 almost flat. The TEC wear the lntrtude 25° N {peak
ofi theé strong Jet day) is vety small compared to that on-the stromg jet dr;
The 2me rm2 of beh v ~vr ereeras on a pair of strong and weak clectroje:
daraem, o -~ < . >2en from the pair of days 20 Navember
1964 and 28 Noremoe. 1964 Smmiiarly on a peir of storm days 10 February
1965 (strodg clesrojét) and 7 February 1965 (weak cléctrojet) also the lan-
teron) reuon of TEC dsmark~d»  Ticted reducmg the fnomaly on the

e vyetdavs, ftmayber - v il the above examples are ghosen
av s . cabera o Taoratamo . around {400 hr LT. Thus the
Bev s T s e iov Tty o otudmal varration of TEC in the
a et apumalybett: ccaer - onoed by the clectrcuot strength irres-

pEchve O the magast: jweme.s ot Jouubrlee of the day.
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Trensport of equatorial romizzvon to low latiindes along the magnetic
bme- of force 2od s me hustory can be wnvestieted best with latitudmal
TFC profiles at diffecént local times. since satellite passes cover the whole
cquitoriy apemaly belt, with bsgh spatial accuracy.  With this putpese, the
1 .utudine! profiles of TEC 2re elassified into hourly groups, viz.. passés between
09-0 LT and 1029 LT fall 1n the group sor [000 LT From such hourly
grouos, the dip lurlude of the anomezly was deduced at various locaul times
Fizuwe 3 xnows tho result of thrs investigation The peak of the anomaly
15 2t §' N dip lzurude at 0900 LT and 1t moves to about 15° N dip lautude
by 1200 LT after which it retuins to about 12° N oy 1700 LT. This shows
th1t the diurnal development of the equatorial anomaly i TEC s similar
to the one observed in £, F,

Now, from each iantudinal profile the following indices of the equatorial
anomaly are scaled  The dip latitude of the anomaly peek (¢). the normalized
deih of the anomaly (d) defined as

N (peak) — Ny (dip equator)

4o = Ny (dip equator)” x 100

and the trer th of the anomaly S =4 X 4

DIURNAL DEVELOPMENT OF EQUATORIAL
ANQMALY N TE

DIP LATITUDE OF ANOMALY PEAK N
—F
/ 3
1 i |

!

Figare 3, Diurnal deveic of the eq wal anomaly in TEC depicied by the move-
maent o the dip ttud. of the peak of the anomaly
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The following scheme has been used to determmne an mdex (Sd)) .f the
elcctrojet streagth, suggested by Kane'®  Sd, 1s obtained by subtracting
hourly H field at a low latiude station outside the electrojet belt from the
hourly H field at the dip equatorial station In this procedure, the normal
S, field at the dip equator s also subtracted out thereby undérmming the
electrojer strength  TFo correct for this, the monthly msan Sg(H) field at
the low 1atitude station for the particular 1s added [n the present case the
low lauitude station 1» taken as Alibag and the dip equatonal station as Kodai-
kznal Therefore,

Sd, = H(KOD) — H (ALB) — #(ALB)

The above mdex has the advantage that any ncn-'onospheric contribulion
to the K field 1s removed 1n the subtraction process Moreover, on 2 storm
day there 15 no other way of estrmating the electrojet strength as the d.urnal
vafi"uion may be completely masked by storm effects  Thus thiy index 1s
parucularly advantageous for storm cays 3 Now Sd, at ¢ hour LT 1= defined
28 Sd; (1) — 5d4; meaned over 00-04 hrs LT. Sd.(r) for each hour of rhe
days (¢ varymg from 06-18 hr S8T) having a latuudinal profile o” TEC has
been calcula‘ed.

The correlation bewween the dip latitzde of the anomaly peak at ¢ hour
and (he elecrojet strength at (+ — A 7) hours 1s next computed, where the
ume shifi A ¢1s varied from 0, 1, 2 and 3 hrs.  This 1s 1o investigate the tima
jag berween the max nusation of the anomaly and the clectrojet strength
The correlation coefficient thus obtamed 1s plotted agamnst time shift 1 figure
4. It1s found that mav mum corcélation of abour 0 7 exists for a tme shift
of 2-3 ars, thereafter the correlauon falls off rapidly. This inducates that
TEC anomaly lags by 2-3 hrs with respect to the electrojet.
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Having established the time lag between anomaly and electro st our
next nteution 1s to investignte the dependence of the znomaly parameters,
viz the quantities ¢, d and s defined earlier, at ¢ hours on the electroject
parameters at (¢t — 2) hours. For this, the anomaly parameters between
11300 and 1700 hrs are used. The anomaly parameters in this interval are
plotted agemst electrojet mdex Sd; allowing for a lag of 2 hrs. These results
are shown m figure 5. The best fitted least square regression lines are also
shoen 1n tue figure. It 1s found that a good correlation of 0 68 between
¢ and 5d,(r — 2), 0 63 between dand Sd;(t — 2) and 0 48 between s and
Sd, (¢t — 2) exist. Thesc 1esults ;mdicate that the equatonal anomaly para-
meters are strongly controlled by eélectrojet currents.

4. DISCUSSION

Two unique features of megnetic equatorial latitudes are the equetorial
electrojet current 1n the E-region and equatorial anomaly mm the F-region.
Both are controlled by the electric fields set up 1n the dynamo r:gion of the
1onosphere  So 1t 1s matural that the two phenomena are well correlated
The electrojet strength should depend on the conductivity of the equatormal
1or.osphenic E-region and the electric fields driving the current. The present -
results show that the anvmaly maximmses around 1400 LT and the enomaly
therefore lags by about 2 hours behind the electrojet which 1s knownto maxe.
mise between 110C and 1200 LT.

CORRELATION SBETWEEN ANGMALY PARAMETERS AND ELECTROJET STRENGTH'
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Figure 5 Variation of the dip latltude, ¢, of the anomsly peik (loft), the normalized
depth, d (o .ddle), and the srength, S = ¢ x d (right) of the adomaly with equaronal electro-
32t sirength o hours pair to the anomaly,
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The equatorial anomaly is well explamed as dus to the vertical drife
of the fregion jomzation under the E x B duift over the equator and-is
subsequent downward duiffusion along the magretic Imes of force. The time
of maximisation of the anomaly will therefore depend on the time of maxi-
maum, of electric fie'ds. tha tisee taken for vertical drift and the diffusion tumne
of the z.ectrons from equator to around 15° dip lartudes. The tme taken
by Foremon plasma for vertioal drift with drift velogities of 20-30 m/sec and
the suk equent duffusion tithe are discussed mn hterature, Baxter and Kendad™
have theorencally computed this time constant to be 2} hours The caleuls-
trons of Serling et a/*7 distingwsh botween am early E X B drift, ie., the
dtift maxymising around noon and late dnft, le., dnft maxmisins afternoomn.
In both cases they find the anomaly p.ak to be formed around 14° dip Iatitude.
Baut the late deift case does not reproduce the observed noon bite-ont n the
dwi.nz| varation of N, F,, the maxiumum electron density 1a F-region. This
leads to the conclusion that what is actually existing is the early drift, »i4.,
drft saxmmising around noon. They also observe that the eontrollmg
facto: In the position of the latitudinal peak 1s the electrodynamic drift while
the time of maximum development of the anomaly 15 controlled by the diffa-
sion velociues. Fhe prosent analysis shows that m lugh sunspot years the
peak 15 delayed by % to 1 hour as compared to low sanspot years which is
due 0 the solar activity changos of neutral densities. The anomaly 18 found
to maxwmse around 1500 hr LT on average. This iidicates an average time
lag by about 3 hours between the ¢lectrojet anomaly maximsation. This
agrees well with our obsarvations of 2 to 3 hours time lag

It is also expooted that increasmg electrojet strength will lead to mereased
vertica} &rifes which 1o turn will creats anomaly peaks further away from the
dip equptor -Thus the corrlelation between dip letitude (4) of anomaly peak
and electrojet strength can be interpreted as due to mncreased vertical drifts,
The parameter d will alco be larger for higher electrojet strengths since lifting
to 2 lgher alurede teads to moreased gradients and heéncs increased diffu.ion
Thus ) tom incrdases the depth of the 2onomaly

5., CoONCLUSIONS

Equatorial apomaly jn the latitudinal varation of TEC maxmuses arpund
1400 kr LT, thus having a time Jag of abdut 2 hrs between electrojet strength
and wnomaly. Thss tune lag agrees well with the cneoteucally eshmated
diffusion tme. The afgmaly streagth 13 wéll correlated with equatorial
electrojet strength. These remplts tond to conclude that the equatenial ano-
maly m TEC.is mawmly the mamfestation of vertical slectrodymamuc drift
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and ambipolar diffusion of ionizatien, aithough thesele piayed by-meatral
density anomaly’® cannot be ignored.
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