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ABSTR.\CT 

Total electron content. of the ionosphere ~:;\: .1: K:....:.:.i~.ir~ . ~:.... j. -t:' ~ G~J "':. 
longitude --:.~) is mt'.ls:.l~t:~ using the raracay ro:a!io~ or ::nt -zlJ :\1Ez:" si.=:c.:L.s :~,J:::" ;;~ 
low orbiting oearon s3.tC1htes explorer 22 :l:lu ?- u 'ri'1' .~,::.. ....... :0 ~ -,-,- \· ... - ... c.. .': (.' .. • - .....!:=' ....... ,.. ,t"''w'" - .... - "wi ......... "-'.A. .. ;; .."I-t .. v 
Dt:C~r:lbt:r 1';)66. The diurrul variatic:l oi ~. is C0""'-·":'~ w: .. :.. .;.,"" ,..:; .... ~-:. ,.~-:~ .. :- ... 0; - • • ...... r ...... ~ ... ,.,.... _410 .... ~J._... ........ ... ...... a. .... .l...J.... .. 

tnt ID.J..ximt:m e2eCtron aensin' in the F re2io:l, ~.... Tnt 0('1<--·., -;.."i-,--o·... ....,.;..,: ~n :s -r~;;:e""" • ,.,... ~I" v\J..... ..,......... .... " ............. ... t".~w-II. 

in Xm is nor setn in ~'·t. The larirl.!dinal variacio::. ;;~~. u-!.,. .... ,:; .... ~,.; ~." ,.-.-~:-l·..,'., r-.,,:. • - ., .., .... ---_ ...,., ,,", .. ~_ .. .L. "..... ..... .... 

?bst'::·J.ti~~ at . Ko.iai~anal _3.n~ ~~e~aba.i incicat~ th~ p~est:'nCt ,)f tbe eG.:..:amriJ: an;~:· 
10 ~~ wren pt3K around 15 - dIp lauruae. The rtSi.:.lts are "'i~c"',;:",;; ;f"I r ... · -:; .. ; .... '" t· ..... ;...:;. -"~s~"'a III .... ." - .... ~ ..... ...... • """ .... ~ .. v~ v ............ v"., ........ 

Gons ..i: ..:;.:hcr t:q:.:a:ori31 stations in Airican and .-\.ffitrican StctO!"5. Tne :.a:::-..::i:J.':': a:::')l::~)" 
in nt!.:tral cit'nsiry is suggcsteJ. to p~~y a ro:e in me latir-..;~ica~ \'J.:iJ.:iiJ~ u: x: I 

I~TRODl"CTIOS 

THE equator1al ionosphere. :s ~haracterised. by .the 
well-knoVtn F~ anomalY, i.e., the latltud:na: 

variation of the m~dday value of !oF:,! shows a b:te
out at the dip equator and the daily variation of 
f(,f~:2 at equatorial station sho\\s a b~te-out around 
noon. The wide network of the ionospheric sound
ing stations has provided understanding of both the 
latitudinal as well as the diurnal anomalv of the .. 
F:! reg~on under different geophys:cal conditions. 
The radio beacons on-board satellites have provided 
a useful method ·of computing total columnar elec
tron content :n the ionosphere (TEe). The measure
ments of TEe at Huancayo by Blumle (1962), and 
at Ibadan by Olatunji (1967), showed no noon bite
out. Rufenach et ale (1968) ana1ys:ng faraday rota
tion records of the 54 ~lHz signals from the 
Transit 4-A satellite at Bangkok showed that TEe' 
increased monotonically from the morning till noon 
or early afternoon hours while the peak electron 
density (N mF:!) showed the midday dip and late 
afternoon maxirrtJID ( for the low sunspot COD

sidered). Combining the observations at Hong 
Kong, Bangkok and Singapore, they found that 
latitudinal variation of TEe during the daytime 
showed distinct trough over the equator with 
peaks at about + 30° magnetic dip. Rastogi et al. 
( 1973 ), combining the observations at Thumba and 
Ahmedabad, showed distinct development of the 
latitudinal anomaly in TEe 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. 

:n TEe Y.3~ ev:Jent c\'er Thumba. It rna:. be me~
~:or.=d ~b:it o:h.::- aJino:s have su:!a~sted the m:dda\" -- -
b:te-o~.h :0 ~~ p:-esent :n TEe at eqllator:~: s:at:on~, 

<::.. Sk:nner I 1966, for Zar:a · d:p :2: :S.l, Yeboah 
,A.mank\\ah anc K05ter (19'7.2) for Legon td:p 
'oj • ..;: ?\ ,. However, Bandycpadh~ ~y {I :;70" sho\\ej 
:: d:p :n TEe at Huanca~o at about 14 hr anj 
On\\ Lk'.c ~ 974, found a d:p :n TEe at Ibadan 
arcund 15 hr. \\":th these \'ar:ed data of TEe a! 
.;q uator:a: stat:O:lS, :1 \\ as felt necessary t~ exam.:ne 
the farada) rotat:on obsen·:1t:ons at Koda:kana: 
(d:p 3 . .+: ~ J for the low sunspot years 1964--66. 

DATA A~D RESl"L TS 

Th~ reco:-d:ng equ:pment cons:sted of E-\\" 
o;-:f:nt~d d:poles fed to Hammer!und commun:=at:on 
receivers thtough a HF CODverter and the output 
was recorded by str:p chart pen recorder. On:y 
..to ~IHz records are ana~yzed for the present study. 
Tutu! elect:on contents were calculated for every 
m:nute dur:ng the pass lls:ng the total rotaton 
method ,-!'! = l\. ~I :'1' f~ J wt:ere the symbols have 
th:: usual mean:ngs. Near the QT reg:on the 
different~al formula (an = K ~ T d}1! f'2 over shon 
interval of z:me) was used. Regular ionospber.c 
sOJnd:ng records are obta1ned at Kodaikanal every 
fifteen minutes. The ionogram taken at time 
nearest to the time of the satelEte transit at Kodai
kana} was analyzed for the electron density profile 
us!ng Budden·s matr:x method (1954 I and there
f;om the he:ght of peak F'l ion:zat!on (/z F ... ) and - .. -
the peak electron density (NmF::!) and sem:-th:ckness 
{Y m F:!) of the F:! region \\'ere computed. Hor!zontal 
drift velocity ( V k) at ionospher.c F ~ region was 
measured at Thumba using spaced receiver technique 
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FIG. 1. D:urna: \ a:~at:on of tOt3~ electron con
tent tNT). peak. ele~tron dens:ty :n F .. re;:o~ I ~n:),. 
height of peak F .. :cn~zat:on h;, .. F .. and sem:tlickness 
't"",F. t of the ionosphere ~t Koda.:kanal. .~15o shO\\TI 
:s the F re~on hor:zont31 dr~ft \'e:oc~t\·. \~ ~.. at - . . 
Thumba. ~ote that the max!ma :n \-i., \··n F .. , and 
hmF" and the minimum :n ~ m co:nc:de fa:r:y \\"e:l 
:n t:me. 

The mean value of S _ sho\\·s a m:n:mum va:ue 
around O-t. hr, :ncreases sharp:y after sunr:se re3..:h~ng 
a peak around 15 hr, thereafter dec:-cas:ng stead::}" 
tiH 04 hr. The diurna: ra!:o of ~ _ :s about 10. 
Then~ :s no e,,:dence of the midday b:!e-out :n ~:-. 
The N., curve shov,'S m1n=mum value around 05 hr, 

~;:..! t',.o ;::~.\::na :J.~ OS h:- and around 16-17 hr
. ... ::h ~ ~:!~-u:Jt 3:-0U:1J 11 hr. the d:urnal rat~o :s 
~CO:':i 6. Tile he:gn: of peak :on:zat:on iz rnF~ is 
n1:r.:~::;~ ~=-o:..:.nj 06 h:- and max:mum around 13 hr . 
Tn~ ~~rn:-Lh:.;kne~s ",,; F:.! is max:mum around 11 hr. 
T::.:: F ;-;;:;:c n : ~no5pher:.: dr:ft yelocity V'i. is also 
:-::-.! .. ·:-::.:::1 ..!:-0:":!1~ i i hr. The max:ma of \OO .• Y 

" ~-'. 

~r.-j ::~·rL:;:li.:;:i of ~ mF ~ sho\~: clear!y that the 
Co:';=-c:~~e of S F,·, :5 due to the electrodynam:c 

m -
:.:;: :;" .. 0:" te:.: :on:zat:on OYer the magnetic equator 
~ .. ;:-: n~ !h.: :n:cida) hours. 

In F: Q. ~ are sho\\n the d:urnal "ariat!on of .... 
:s .. ~~ l~e ~~uato:-:a: stat:on Koda1kanai (dip 3= ~} 
:';1~ ~: ::~p:ca: peak :on:zat~on reg!on, Ahmedabad 
j li:P 3..+: ~ I f~r compar~son. The d~urnal variat:on 
of ~ :s ,·en· s:m:lar at both the stat:ons the maxi-- -
mJm ·0o!:r.g around 14--15 hr. local. However, the 
\'J~ t=es of ~ _ are reasonab~r larger at Ahmedabad 

~ 

:~a:1 ~! KoJa:kanal bet\\-een 11 and 16 hr. 

... -
:;; -
--. 

" --. 
S : .. -• 

. -- . -- ., 
z --Z ? 

~,. • ~. ,.. 

.-----------"------------------------------~ :.: ~ - . ~ .. - . -;:. . ~ ~:: '-

FIG.:!. Comparison or d!urnal yariation of NT 
:::.! ~;)~a:kana: t closed c:rcles and broken line) ,,·ith 
that at A .. hmedabad (open c:rcles and continuous 
::ne I. :nj:~at:ng the depletion of ;onization at Kodai
k:tna: around noon reJatl\-e to Ahmedabad. 

FreT.. a part:cular station the satellite goes through 
~bout L5; :a!:tude during the uSeful recording per!od 
~nj so b~ c0mb:n~ng the results of the same passes 
[!t L.'e ni, 0 stat~ons one can get the latitudinal varia
. ~n of }~ '!' from the geograph:c equator to 30° N 
lar:tude. The latitud:nal variation of TEe derived 
from seme such satellite passes common to Kodai
kanal and .-\hmedabad are shown in Fig. 3. We 
have .:bosen the passes around midday hours only .. 
it :s c:ear!y seen that the value of TEe is minimum 
arcund the d:p equator and !s ma.ximum between 15° 
and ~G ~ dip latitude, very similar to the latitudinal 
beha\·:our of ~mF:!. 

Thus :t :s confirmed that at least in the Indian 
zone du;-:ng 10v.· sunspot years the NT does show 
the latitud:nal anomaly but the diurnal anomaly is 
not ev:dent over the magnetic equator. 
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:s \'. hc1 h' true then the da:ly and latitudinal varia .. 
t:or.s oi· both NT anj ~m should be .very s:mil~r to 
each o~her. The ~!:-~~nce of the da:)y anomaiY of 
~.,. at the equato:- but the presence of latitud~nal 

~~oma\ of ~~, dur:n!! m:dday hours suggests some 
moj:fi~;t:ons 'of the" ciass:cal theory. First the 
ex-:ess :on:zat!on around d:p ± 30: may be due to 
t~~ :::c~umu~3t:on of :on:zat;on oyer a large volume 
oJ! :~, ~gu~tor:al ior:.o,phere: at a particular station 
:n :~: eCl!a:or~a! lone th~ transport of ionization 
rp.y~} r':o~ the re:;:or. :s too small to produce a 
m:dday b:!e~0t;t :n :s-,. 
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FIG. 3. A few cases of latitudinal. variat~on of 
NT combining the observations at Kodalkanal (closed 
circles) and Ahmedabad (open. circles) clearly 
showing the equatorial anomaly In NT' 

Recent observations have indicated the presence 
of lat:tudinal anomaly in the neutral composition 
~O~ higher for N:! and lO~ higher for 0 at ± 20 0 

magnetic latitudes than at equator (Hedin and ?vlayr, 
197'"3: Ne\\10n and Pelz, 1969; Anderson, 1966). 
Chandra and Goldberg (1964) had theoreticallr 
ind:cated the ge,cmagnetic 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 t<? the transport 
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equator~a: anoma:y. The f;):1n~o:n:ng pos:t:on:ng 
of the ATS-6 satei::te 3! 35 ~ east :or.g:tude woald 
pro\':G~ :1 t:n:que 0P?O:1ljD:ty :0 Ind:an s::ent:sts. 
it ma~' ~e men~:on~~ that t~'! :eco:d:ng of the 
faradav rotat:cn of 13 7 ~1Hz ber:con s:smals 

... -
from Sy~c:;m III Satei::te at Tr:~hy f d:p 4·8~ ~ I 
ha\'e shov.TI to us t~at th:s method :s not very 
useful at these :at:tuces !. Des~pande, 1975-p:-:v3te 
commun:cat:on J. It:s therefore stressed that the 
measurements of ~_ at :ow iat:tude should be done . 
us:ng group de:ay method rather than by the 
Faraday rotat:on method. 
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