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ABSTRACT

Totwal electron content of the ionosphere
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The noon Dimec-oot which s present

in N, is not seen in -\': The ladwdinal variatoz of N, obuizsd Dy combdizing the
observations at Kodlaixanal and Ahmedabad indicate the presence of the equawrial ancma’y
in N; with peak around 15° dip iatitude. The resicits are liscussed in relatica 10 the observa-
ions ar other equatorial starions in African and American sectors.  The latimiiinal azomaly

in peutral densily is suggested to Picy a ro.e in the laticocinal variation

INTRODUCTION

HE equator:a! ionosphere s characterised by the
well-known F, anomaly, ie, the latitudinal
variation of the midday value of f F. shows a bite-
out at the dip equator and the daily variation of
f,F. at equatorial station shows a bite-out around
noon. The wide network of the ionospheric sound-
ing stations has provided understanding of both the
latitudinal as well as the diurmal anomaly of the
F, region under different geophysical conditions.
The radio beacons on-board satellites have provided
a useful method of computing total columnar elec-
tron content :n the ionosphere (TEC). The measure-
ments of TEC at Huancayo by Blumle (1962), and
at Ibadan by Olatunji (1967), showed no noon bite-
out. Rufenach ez al. (1968) analysing faraday rota-
tion records of the 54 MHz signals from the
Transil 4-A satellite at Bangkok showed that TEC
increased monotonically from the morning till noon
or early afternoon hours while the peak electron
density (N,F.) showed the midday dip and late
afternoon maximiysm (for the low sunspot con-
sidered). Combining the observations at Hong
Kong, Bangkok and Singapore, they found that
latitudinal variation of TEC during the daytime
showed distinct trough over the equator with
peaks at about + 30° magnetic dip. Rastogi er al.
(1973), combining the observations at Thumba and
Ahmedabad, showed distinct development of the
latitudinal anomaly in TEC with time after 06 hr
and its vanishing after 20 hr, but no diurnal anomaly

#* Part of this paper was presented at the Sym-
posium on Beacon Satellite Investigations of the
Ionosphere Structure and ATS-F Data held at
Moscow in November, 1974.

o: N.‘l

:n TEC was evident cver Thumba. It ma. be mer-
corzd ihai oihar ..aaho*s have suggasted the midday
bte-ou:. 0 2 present in TEC at EHLBIO"‘": SLatons,
+:Z.. Skinner 11966 for Zaria 'd'p 2° N, Yebozh
Amankwah and Koster (19725 for Legen dip
9-<° Ni. However, Bandvcpadhvay 11570y showed
= dip i TEC at Huancavo at about 14 hr and
Onwckve 19743 found a dip in TEC at Ibadan
arcund 13 hr. With these vared of TEC at
cquator:a. stat'ons, it was felt necessary o examine
ihe faraday rotaton observations at Kodakana:
tdip 3-4° N) for the low sunspot vears 1964-66.

data

DaATa aAND RESULTS

Th2 recordng equipment conssted of E~-W
sientzd dipoies fed to Hammeriund commun:cation
receivers through a HF converter and the output
was recorded by sirip chart pen recorder. Ornly
40 MHz records are anaivzed for the present study.
Toia!l clectron contents were calculated for everv

m.nuie during the pass using the toial rotaton
method (=K M N, 7y wkere the symbois have
11z usuai meanings. Near the QT region the

differential formula (d? = K N_ dM/i2 over short
intervai of time) was used. Regu!ar ionospheric
coand:ng records are obtained at Kodaikapa! every
fifteen minutes. The Ionogram taken at tume
nearest to the time of the satellite transit at Kodai-
kanal was analvzed for thz electron density profile
using Budden's matrix method (1954, and there-
from the height of peak F, ionization (h_F.) and
the peak electron density (N_F.) and semi-thickness
{Y_F.) of the F, region were computed. Horizontal
drift velocity (V,) at ionospheric F. region was
measured at Thumba using spaced receiver technique
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Fic. 1. Diurnal va-iation of tota: electron con-

tent { Ng), peak electron density n F. rexion iN.),
he:ght of peak F., :cnizaton /i, F. and semithickness
Y'wF. of the ionosphere ut Kodaikanal. Also shown
's the F regon horizontal drift velocity., Vv at
Thumba. XNote that the maxima in Vi, Y, F. and
h,F., and the minimum ‘n N, coincide fairrly well
n t:me.

The mean value of N . shows 2 min'mum value
around 04 hr, increases sharply after sunrise reaching
a peak around 15 hr, thereafter decreasing steadilv
titi 04 hr. The diurna! ratio of N_ s about 10.

There ‘s no evidence of the midday bite-out in N.
The N, curve shows min‘mum value around 03 hx,

csplere crér :he Mognstic Equatcr  Curren:

Science
and .o max’mae at O8 hr and around 16-17 hr
w.th a >ite-out around 11 hr. the diurmal ratio s

zrout 6. The height of peak lomization 7.2, F, is
mir'mom around 06 Ar and max:mum around 1: hr.

The semi-ihi‘ckn & .= s maxmum around 11 hr.
The F .'e_::cn pi‘ eric arift velocity V. i8 also
Tl miam around ii nr. The maxima of V.. Y
ard mnmem of N F, show clearly that the
decrezse of N_F. is due to the electrodynamic

O. th2 .on‘zation over the magnetic equator
Jaons the mfaday hours.

In Fig., 2 are shown the diurnal variation of
N.. o the eguatorial station Kodaikanai (dip 3° N)

.ad @b iropical peak ‘onization region, Ahmedabad
yd'p 34* N for comparison. The diurnal variation

‘s very similar at both the stations the maxi-
mdim o2'ng around 14-13 hr. local. However, the
vaives of N_ are reasonab:y larger at Ahmedabad
'hua at Koda‘kanal between 11 and 16 hr.

of N_
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F1c. 2. Compariscn of diurnal variation of N
2t Kodalkanal tciosad circies and broken line) with
’z:h“z at Ahmedabad (open circles and continuous
‘ne). ‘ndicating the depletion of ionization at Kodai-

around noon relative to Ahmedabad.

Frcm a particular station the satellite goes through
about 15° at‘tude during the useful recording period
cad so by combining the results of the same passes
at the two stations one can get the latitudinal varia-
.on of M_ from the geographic equator to 30° N
iatituds. The iatitudinal variation of TEC derived

from scms such satellite passes common to Kodai-

xana: and Ahmedabad are shown in Fig. 3. We
have chosen the passes around midday hours only.

ih

1t s clearlyv seen that the value of TEC is minimum
arcund the dip equator and is maximum between 15°
and 20° dip latitude, very similar to the latitudinal
bzhaviour of N _F..

Thus it is confirmed that at least in the Indian
zon: during iow sunspot vears the N_ does show
the latitudinal anomaly but the dlurnal anomaly is

not evident over the magnetic equator. -
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well as the atitudinal anomaly in
N F, s supp0sad 1o T2 ihe consequence of the so-
i o' o the ‘onization over the mag-
-> -
n2t¢ equator s Iiftad vp by the E = B force during
rne davi'me and later the ‘onization diffuses to tropi-
ca’ iattudes along the magnetic Imes of force, If it
‘s wheily true then the dallv and latitudinal varia-
tions of both N_and N should be very s‘milar to
each o:her. The zhsence of the daly anomaiy of
N. at the equator but the presence of latitudinal
:ﬁomaiy of N. during midday hours suggests some
moJficarons of the classical theorv. First the
excess ‘on‘zation around dip = 30° may be due to
the wocumuiat'on OF ‘on‘zation over a large volume
of the equatorial {onosphere : at a particular station
‘n th: 2cuacoral zome the transport of ionization
awey iTOm the recior ‘s too small to produce a
midday brtz-out in N..
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Fic. 3. A few cases of latitudinal variation of
N combining the observations at Kodaikanal (closed
circles) and Ahmedabad (open circles) clearly
showing the equatorial ancmaly in No.

Recent observations have indicated the presence
of latitudinal anomaly in the neutral composition
20¢7 higher for N., and 107 higher for 0 at & 20°
magnetic latitudes than at equator (Hedin and Mayr,
1973 ; Newton and Pelz, 1969 ; Anderson, 1966).
Chandra and Goldberg (1964) had theoretically
ind‘cated the geomagnetic control of neutral density
in the lower F-region when the ion-neutral inter-
action is dominant. This brings to question if the
ionization anomaly is wholly due to the transport
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has a mejor vharz it s co..tone cnomzy of the

o
omzat:cr, It s uho fEnohan e de varaton

ment of E\IT & @ numper of equatorial station
the Sescon 'znais from a geostaromary satelte
weuld greatly Reln solving the proalem of the
equatoria. anomay. The fortacoming positioning
of the ATS-6 sateilte a1 35° east ongiude would
roviGe 2 unique opportun'ty to Indlan sclemtiss.
it may 2e mentonad that the r220rding of the
faraday rotaticn of 137 MHz bezcon sigmals
frem Syncom I Sateite at Trichy idip 4-8° Ny
have shown to us thar th's method ‘s not very
useful at these latides !Deshpande, 1975—private
communicatienj. i s therefore siressed thar the
measurements of N_ ar low iar'tude should be dope
usng group delay method rather thaa by the
Faraday rotation method.
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