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The Geomagnetic solar flare effect of 6 July 1968
and its implications

by

J. HANUMATH SASTRI(*)

Indian Institute of Astrophysics Kodaikanal-624103 INDIA

RESUME. — Une étude de Veffet géomagnétique de I'éruption solaire (SFE) du 6 juillet 1968 vbscrvé dans cing observatuires magné-
tiques indlens, se trouvant & des longitudes de 72-80°E, a révélé que cet effet géomagnetigue de | éruption solaire vst caracierise
par une diminution dans la composante H aux stations situées sous l'électrojet et une augmentation de la composante H Jars
des stations sithées en dehors de I'électrojet. I.'examen des ionogrammes et des magnétogrammyes de Kodaikanal, une station
située sous l'électrojet, a indiqué ce jour ld l'existence d'un électrojet inverse, juste avant et juste aprés le SFE. Les implications

de ces observations sont discutées.

ABSTRACT. — A study of the geomagnetic solar flare effect (SFE) of 6 July 1968 observed at five Indian magnetic observatories,
lying in the longtitude range 72-80°F, revealed that this SFE is characterised by a decrease in the H-component at clectrojet sta-
tions and an increase in the H-component at stations outside the electrojet. Examination of rel¢vant ivnogram and magnetogram
data of Kodaikanal, a station under the electrojet, for this day indicated the existence of a counter-lectrojet just privr o and
after the occurence of SFE. The implications of these observations are discussed.

Introduction

The sudden short lived perturbation in the geoma-
petic variation in the sunlit hemisphere concurrent
with the occurrence of a solar flare is known as SFE
[Crochet). The characteristics of SFE havejbeen
Kudied over the past three decades and are now well
Inown (refer to the review paper of Nagata, 1966
ad Richmond and Venkateswaran, 1971). Recently,
Brivastava (1974) observed for the SFE of 3 May
1973, the amplitude in the H-component of the
SFE to be relatively low at~ equatorial electrojet
sations compared to that at stations outside the
dlectrojet ; which feature he attributed to the pre-
fence of a ‘counter-electrojet’ current system flowing
from east to west. This understanding stems from the
Bact that the amplitude of SFE (in the H-component)

is usually larger at equatorial clectrojet stations com-
pared to that at stations outside the electrojet ( Pisha-
roty and Joseph, 1963).

In this brief communication, the characteristics of
the geomagnetic solar flare effect (SFE) of 6 July
1968 as observed at five Indian magnetic observa-
tories are presented and the implications of its unique
features are discussed. The names and coordinates of
the stations are listed in Table 1. The locations of the
stations and that of the electrojet are depicted in
Figure 1. It may be noticed that while Alibag and
Hyderabad lie outside the influence of the equatorial
electrojet, Annamalainagar. Kodaikanal and Trivan-
drum are situated well within the electrojet. The
geomagnetic solar flare effect of 6 July 1968 which
occurd with a solar flare of importance 2B is a con-
firmed event as Sudden lonospheric Disturbances

' Now op study leave at Radio Research Centre, The University of Auckland, Auckland, New Zealand.
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A map thowing the locations of the five magnetic observatories
and the equatorial electrojet.

(SWF, SCNA, SEA, SPA and SES) and fade-out on
jonograms (at Kodaikanal) occurred simultaneously
with this SFE (see Table 1 for details).

Observation

Figure 2 shows the geomagnetic solar flare effect
of 6 July 1968 as evidenced in the H-traces of the
normal run magnetograms of the five stations men-
tioned. The characteristics of this SFE as observed
st the various stations are presented in Table 1. The
amplitude of SFE at each station is obtained from
the difference in the value of the H-component at
the maximum (or minimum) of the SFE and the
sverage value at the begining and end of the SFE,
following accepted practice. The unique feature of
this SFE, as can be clearly seen from figure 2 and
Table 1, is that although the amplitude in the H-
component of the SFE increases with decrease
in latitude, the sign of the perturbation is consis-
tently negative at all the three electrojet stations,
while it is positive at the two stations outside the
influence of the electrojet.

Discussion
A plausible cause of the above described charac-

teristic of the SFE of 6 July 1968 could be the
existence of a ‘counter-lectrojet’ current system
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The geomagnetic solar flare effect (SFE) of 6 July 1968 nt
the five Indian stations showing the decrease in the ¥-
component at electrojet stations and the increase in the
H-component at stations outside the electrojet.

in the equatorial region at the time of occurrence
of the solar flare effect., The presence of ‘counter-
electrojet’ in the equatorial region which manifests
itself as a negative effect in the diurnal variation
of the horizontal component arcund 070C hr, noon
and 1500 hr local time has been brought to light
by Gouin and Mayaud (1967). Later studies showed
the phenomenon of ‘counter-electrojet’ to oocur
most frequently around sunspot minimum period
and when the magnetic activity is very low; and
is closely associated with the disappearance of eque
torial Bs (Esq) and reversal of drift direction of
electrons from westward to eastward (Hutton and
Oyinloye, 1970; Sastri and Jayakar, 1972; Rastogi
et al, 1971; Krishnamurthy and Sen Gupta, 1972)
The cause mechanism responsible for ‘countes
electrojet” current system is however yet to &
established. Van Sabben (1968) interpreted te
counter-electrojet as an equatorial anomalsj o
ciated with the SFE current system following the
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Table I
Solar flare effect of 6 July 1968 as observed at Indian magnetic observatories

~ G i

; cographic Characteristics of SFE :

| Observatory L coordinates Dip(I) Start Max End Amplity dSeF:ﬁ Gammas

L at.’ Long. UT {H-compunent)
Alibeg 18 38'N | 7252E 244 | 0940 | 0948 3 -
Hyderabad 1725N | 78338 | 205 | 0942 | 0950 | 1038 e
Annamalinagar | 1122'N | 79 41E 54 | 0942 | 0953 | 1035 - 30
Kodaikanal 10 14'N | 7728'E 30 | 0939 | 0947 | 1033 Y
Trivandrum 829N | 7657E | — 10 | 0941 | goa8 | 1037 T

Associated SID’s : SWF : 0948 — 1010E - 1020U U.T.

SCNA : 0945 — 0949 — 1015 UT
SEA : 0940 - 0945 — 1042 UT. {after Solar-Geophysical
SPA :0940 - 0943 — 1200 yrT DataESSA/NOAA).
SES : 0940 — 0949 —1110 UT

sbservation of small reversed vortices in the morning
ad evening sectors in the equatorial region for the
ive SFE’s analysed by him. However, Hutton and
Oyinloye (1970) found no evidence in support of
fis from a study of solar flares in relation to the
manifestation of the ‘counter-electrojet’, A study
of the lunar modulation in the occurrence of the
phenomenon suggested that the ‘counter-electrojet’
wrents may be situated in the same ionospheric
ayers as the lunar currents (Sastri and Jayakar,
1972).

In view of the above investigations the relevant
parter-hourly ionogram and normal run magneto-
mm data of Kodaikanal has been examined for the
mnifestations of ‘counter-electrojet’ around the
tme of the occurrence of SFE on 6 July 1968.
b July 1968 is one of the quiet days of the honth,
te value of 4, for this day is 6.0 and the magnetic
tharacter figure C, is 0.3. In figure 3 is shown the
mgnetogram of Kodaikanal on 6 July 1968. It
un be seen that there is an indication of a ‘counter-
dctrojet’ on this day just prior to and after the
scurrence of SFE, as during this period the value

pf the horizontal component of the magnetic ficld
is below the average night time level (shown by the
t':lotted line in figure 33 In Plate | are shown the
lonograms of Kodaikanal around the time of oceur
rence of the SFE on 6 July 1968. It cun be seen
that at 1330 hrs LS.T. (0800 U.T.), well before
?he oceurrence of SFE, equatorial sporadiv-E (Exg)
is present. The £, configuration underwent drastic
changes in the next 30 minutes and by 1400 hrs
LS.T. (0830 U.T.) it is of total blanketing type
(Esb). This is expected as it is known that the occur-
rence of blanketing E, at Kodaikanal is usually
accompanied by a decrease in the H-component and
disappearance of equatorial sporadic ~ £ (Bhargava
and Subrahmanyam, 1964). Equatorial sporadic - £
(Esq) is again seen at 1500 hrs 1.5.T. (0930 U.T)
when the H-<component value just crossed the ave-
rage night time level. The solar flare effect on ver
tical sounding is then seen with total fade-out at
1530 hrs LS.T. (1000 U.T.) and with the proyress of
time the recovery of the ionogram trace took place
It is interesting to note that at 1630 hrs LS.T
(1100 U.T.) when the ionogram trace completely

KODAIKANAL

6 JULY 1968

Fig. 3

Yormal run magnetogram of Kodaikanal on 6 July 1968 showsing the depression in H-component below the average mght time levet

(counter-electrojet) just prior to and after the occutrence o
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Plate I

of Kodaikanal on 6 July 1968 arcund the time of occurrence of SFE. Note the conspicious absence of Esq at 1630 hwsi
LST. when the H-component is below the average night time level (counter-electrojet). Height marks are at intervals of 100 km.:
The time indicated is in L.S.T. {U.T. + 0530 hrs).
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rcovered, equatorial sporadic — £ (Esq) is cons-
piciously absent and only normal E-region trace is
noticed (the value of the H-component is below the
night time level indicating the presence of ‘counter-
dectrojet’). Equatorial sporadic — £ (Esq) reappeared
only at 1715 hrs LS. T. (1145 U.T.) when the value
of the H-component rose well above the night time
lvel. The above observations indicate the existence
of a reversed electric current system in the electrojet
rgion just prior to and after the occurrence of the
SFE, enabling to interpret the unique features of the
SFE, mentioned earlier, as due to ‘counter-electrojet’.

It is fortuitous that the SFE of 6 July 1968 occur-
rd just at the time of the afternoon depression
in the H-component (manifestation of counter-
dlectrojet) posing some ambiguity as to which is
the cause and which is of the effect of the two :
counter-electrojet and the characteristics of the
SFE current system. However, already mentioned,

the work of Huiton and Qyinloye (1970) shows
that ‘counter-electrojet’ could not be due to the
SFE current system as interpreted by Van Sabben
(1968). Hence we reach the view that the vharac-
terictic featurvs of the SFE of 6 July 1968 are
due to the presence of a ‘counter-clectrojet’ current
system in the equatorial rewion at the time of
occurrence of this SFE,
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