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The paper describes the study of solar flare effects (sfe) on horizontal (H), eastward (Y) and vertical (Z) com-
ponents of the geomagnetic field at the Indo-USSR chain of magnetic observatories extending from the magnetic
latitudes 0° to 45°N, a network not available any where else in the world. Events are selected when strong, normal
and reversed (counter) equatorial electrojet are in existence as well as when only a partial counter electrojet is
present.

During a strong and normal electrojet event time, sfe consists of a positive impulse in H at al stations, the
amplitude of H following the latitudinal variation similar to that of the quiet day monthly mean, Sq (H). The sfe
inY is negative at al the stations. Sfe in Z shows positive impulse at the four-electrojet stations and negative at
other stations. During a counter electrojet period the effect of solar flare on H field is negative impulse at electrojet
stations, positive at low latitude and again negative at stations north of Sq focus. SfeinY issmall at al the equatorial
and negative at higher latitude stations. However, sfe (Z) is negative at the equatorial latitudes.

During a partial counter electrojet period the observed effect is the combination of an increase of the planetary
current component and the decrease of the el ectrojet component, giving riseto anegativeimpulsein H at equatorial
stationsand apositiveimpulsein H, increasing withincreasing distancefromthe equator. Theseresultsare presented

and discussed.

1. Introduction

An interrelation between the optical solar flare and the
magnetic crochet was first identified by Carrington (1859)
and Hodgson (1859) on September 1, 1859. Dellinger (1935)
reported simultaneous occurrence of short wave fade out
(SWF) during the crochet time. The concomitant phenom-
ena of solar flare, crochet and short wave fade out soon
received much interest of many scientists (Fleming, 1936;
Richardson, 1936; Torreson et al., 1936). The effects of so-
lar flares on the geomagnetic field records, vertical incidence
pul sed ionosphere sounding recordsand earth current records
al at an equatorial station Huancayo were first described by
McNish (1937). He showed that the flare disturbance vec-
torsin H were similar in direction to that of the pre-flare
Sq (H) vectors. Thisled to the notion that the crochet cur-
rent system was mostly the augmentation of the Sq current.
Nagata (1952) studied the characteristics of solar flare ob-
served at Huancayo, Kakioka and Watheroo. He found that
the time from the beginning to the peak as well as the ratio
of the magnitudes of the peak crochet deviation to the Sq
at the corresponding time were nearly the same at the three
stations. However, the absolute magnitudes of crochet vari-
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ations at Huancayo were abnormally large asthe Sq (H) at
the same station was.

With the establishment of number of geomagnetic obser-
vatoriesat low latitudes an interest is generated again for the
study of crochet. Current systems were drawn for individ-
ual solar flares using multi station magnetograms (Veldkamp
and Van Saben, 1960; Van Saben, 1961).

Nagata (1966) made a study of the global distribution of
15 typical sfesduring the IGY and found an almost perfectly
simultaneous relationship between optical and radio solar
flares, geomagnetic sfes and the sudden ionospheric distur-
bances. Ohshio et al. (1967) studied sfe on geomagnetic
field on global basis and suggested that the seat of iono-
spheric current due to solar flares is a little lower than the
layer for Sq current system. Richmond and Venkateswaran
(1971) suggested that the crochet consists of a‘fast’ compo-
nent presumably due to EUV radiation (100—-1000 ,&) and a
‘dow’ component produced by soft X-rays (1-100 A).

Forbush and Casaverde (1961) first took a proper atten-
tion to the crochet at equatorial electrojet region and showed
that the enhancement of sfe in H at Peruvian stations var-
ied in a manner similar to the enhancement of Sgq (H) it-
self. Rastogi (1965) showed longitudina inequality in the
latitudinal enhancement of sfe (H) amplitude similar to that
of electrojet current itself. Srivastava (1974) described a
sfe event at 0830 UT on May 3, 1973 recorded at all the
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Table 1. Coordinates and geomagnetic parameters at the Observatories whose data are utilised in this paper during June 1982.

Observatory Code Geog H D z | Sensitivity/mm Chart

Lat°N Long’E nT o nT o] H Y Z speed

nT nT mm/hr
Trivandrum TRD 85 77.0 39846 28 -39 -06 21 14 25 20
Ettaiyapuram ETT 9.2 78.0 39850 3.0 978 22 48 4.4 2.6 15
Kodaikanal KOD 10.2 775 39190 -24 2580 38 28 160 120 15
Annamalai-Nagar ~ ANN 114 79.7 40230 26 4414 63 18 4.0 31 20
Hyderabad HYB 17.4 78.6 39624 —-16 15347 211 45 35 3.7 15
Alibag ABG 18.6 72.9 38190 -0.7 17700 244 17 16 17 20
Ujjain ud 232 75.8 36969 —-05 24441 335 16 15 21 20
Jai pur JAl 26.9 75.8 35628 —-0.8 29628 397 17 16 15 20
Shillong SHL 25.6 91.8 37409 -08 27479 363 14 45 28 20
Sabhawala SAB 30.4 77.6 33758  +04 34499 456 33 4.9 34 20
Gulmarg GUL 34.1 74.6 31676  +1.6 38919 509 15 24 22 20
Tashkant TKT 41.3 69.6 25670  +4.7 45400 60.1 3.2 32 21 20
AlmaAta AAA 433 76.9 25270 445 47920 622 3.0 3.0 2.0 20
Koraganda KGD 49.8 731 20120 +1.8 52370 689 3.0 3.0 2.0 20
Novarabersk NVS 55.1 829 17130 405 52570 719 19 21 32 20

three components of the geomagnetic field D, H and Z at
Indian Observatories. Theamplitudeof sfein H wasfoundto
be smaller at equatorial electrojet stations Annamalainagar,
Kodaikonal and Trivandrum compared to those at non-jet
stations, Hyderabad, Alibag and Sabhawala. Rastogi et al.
(1975) showed that thisanomaly inthelatitudinal distribution
of amplitude in sfe (H) is due to a partial counter electrojet
being in existence during the period of the solar flare.

Utilising the Indian geomagnetic data, the sfe was exten-
sively studied and complexities are well discussed by Raja
Rao and Rao (1963), Rastogi et al. (1975), Sastri (1975),
Rangarajanand Rastogi (1981), Rastogi et al. (1983), Rastogi
(1996) etc. Some of the above studies also considered the
ionospheric data to explain the flare effects.

Since 1975, a chain of nine magnetic observatories has
been operating in India extending from the latitude of the
center of the electrojet to the latitude of Sq focus. Stations
north of Sq focus in former USSR states supplement this.
The datafrom these observatories provide a unique possibil-
ity of studying the detailed latitudinal effects of solar flares
along arestricted longitude sector. Rastogi et al. (1997) have
described the effect of an intense solar flareevent at 1311 LT
on 15 June 1991 at Indian stations. The solar flare effects
appeared to be an augmentation of the ionospheric current
system existing at thetime of theflare. A H (sfe) waspositive
at al stations and decreased progressively with latitude. AY
(sfe) were negative at all the stations, A Z (sfe) were positive
at equatorial and negative at non-electrojet observatories. In
this communication, it is aimed to describe the flare events
under varied equatorial electrojet conditions employing the

observations that were made in the unique Indo-USSR net-
work of observatories.

2. Observations

The stations whose data are utilised are shown in Fig. 1(a)
and are listed in Table 1 together with other relevant facts
about the stations. It may be noted that the speed of the
magnetograms was 15 mm/hr at Kodaikanal, Ettaiyapuram
and Hyderabad while at all other stations it was 20 mm/hr.
These examples of crochet were selected during June 1982
from the published IAGA listing.

In Fig. 1(b), are shown the mean solar daily variations
on five international quiet days Sq of Y, H and Z fields at
each of the stations for the month of June 1982. Y at TRD
showed asmall positive deviation around 06 hr and a promi-
nent negative deviation at 12 hr. With increasing distance
from the equator the morning peak becomes stronger such
that at GUL both the morning maximum and noon minimum
are amost equal in magnitude. At stations north of GUL
AY was maximum at 07-08 hr and minimum at 13-14 hr.
AH a TRD showed a minor minimum around 06 hr and
a larger maximum around 11 hr. With increasing latitude,
the magnitude of the midday peak decreased and at SAB
and GUL a minimum at 09 and a maximum at 14 hr was
observed. At GUL AH showed a minimum of —23 nT at
09 and a maximum of 24 nT at 13 LT. At stations north of
GUL, AH showed a strong minimum around noon hours.
AZ at TRD showed amaximum in theforenoon (10 LT) and
a minimum in the afternoon (15 LT) similar but decreased
variation was observed at ETT. At ANN a prominent mini-
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Fig. 1(a). Location map of geomagnetic observatories. The abbreviations
of observatories are defined in Table 1.

mum was observed suggesting the station is at the fringe of
the electrojet. At other stations the prominent feature was a
minimum around midday. The AH (TRD-ABG) character-
izing the strength of the electrojet current showed a midday
peak of 30 nT and a partial counter electrojet effect around
15 hr, even in monthly mean quiet day variations.

Fukushima (1993) has shown that the daily variation of
Z field at Koror followed the temporal gradient in H field
and hence concluded that Z was affected by the induction
effects dueto ocean currents. The abnormal variation of AZ
at Trivandrum has been attributed to the increase electro-
magnetic induction due to ocean currents by Nityananda et
al. (1977) and Srivastava and Abbas (1978); and due to con-
ducting channel between India and Sri Lanka by Rajaram
et al. (1979). From the present curves of Sq (2) it isto
be noted that whatever may be reasons for induction, the
effect is present at Trivandrum (by abnormal diurnal varia-
tion of the element) and to a lesser extent at Ettaiyapuram.
At Kodaikanal and Annamalainagar, the effects due to the
electrojet currents appear to be much stronger than that of
induction.

2.1 Crochet on 4 June 1982 (nor mal electrojet day)

In Fig. 2 are reproduced the Y, H and Z tracings of the
magnetograms on 4 June 1982 at the station at the centre
of electrojet, TRD, near the edge of the electrojet, ANN,
and a station well outside the range of electrojet, UJJ. The
traces are so reproduced that an upward movement of the
trace indicates the increase of either of the components of
thefield, H, Y or Z. Thesensitivitiesof individual tracesare
alsoindicated and it isto be noted that these are not uniform.

AY AH AZ
NVS E 1 F 1 F =
71 [\ 1 L W 3
AAAj?/\x : :ﬁ::ir i t/%\'f~{
TKT : Ufi : : :A\/L §
GUL [f \/ - "xl;\ 4 L \Y
SAB ] <=4 F .
N \/’i? ZJ/r\ 1 F ] ;
SHL \/,._ N ™~
JAI R VAANG Iy S
NZRW ERA
uJJ ~ -
N2 \ -
ABG - \/‘ i \ '
HYB ;/\\/- . "i
ANN : e : -
KOD
AVAE ]
ETT ~
- Vs ]
TRD A~ oF .
N \/’ 1 N ]
:AH(TRD-LBG ] :,h. ulll;
OOM“Z % 00 2 00 12 2

2%
HOUR 75°EMT

Fig. 1(b). Monthly mean solar daily variationsof AY, AH and AZ at each
of the stations for the month of June 1982.

Thesolar daily rangeof H onthisday isestimatedtobe73nT
at TRD compared to Sg (monthly mean) of 79 nT. Thus, the
day isclassified as anormal electrojet day. Two solar flares
have occurred at 1006 and 1131 hr at 75°E time. At TRD,
the flares have produced positive crochetsin H and Z and a
small negativeimpulsein Y traces. At ANN, similar positive
impulsesin H and Z and negative impulsesin Y fields are
recorded. At UJJ, the sfe impulses are positive in H and
negativefor Z and Y fields. It isto be noted that the sign of
thesfeimpulsesat all the stationscorrespondtothesign of the
component with respect to the early morning (or midnight)
field values. Thus this example confirms the earlier results
that solar flare effects are primarily the augmentation of the
ambient current system.

Next thedeviationsof H, Y and Z just prior totheflareare
estimated with respect to the midnight values and are desig-
nated as AHo, AYo and A Zo respectively. The amplitudes
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Fig. 2. Tracings of the magnetograms at Trivandrum, Annamalainagar and
Ujjain on 4 June 1982 showing solar flare effect at 1006 hr and 1131 hr
75° EMT.

( from starting time of the flare to its peak on the magne-
togram) are scaled in H, Y and Z fields and are denoted
as AHf, AYf and AZf respectively. In Fig. 3 are shown
thelatitudinal variationsof AHo, AYoand AZoand AH T,
AYf and AZf for both the flares. Asthe flares occurred at
the time close to local noon, the AHo has shown enhance-
ment at low latitudes. The magnitudes of sfein H indicate
systematic increase towards the equator. The magnitudes
of AYo before the impulse were negative at low latitudes
and positive at stations north of the Indian latitudes for the
first flare. The impulses due to solar flare were negative at
the equatorial and low latitude stations and dlightly positive
at higher latitude stations. The latitudinal variationsof AZo
showed positive values at equatorial station TRD, ETT, KOD
and ANN and negative value at ABG and other higher lati-
tudestations. Thesolar flareimpulsein Z showed very small
valueat low and higher | atitude stations but at equatorial lati-
tude stations A Z f were uniformly positive with measurable
magnitudes.

2.2 Crochets on 5 June 1982 (strong normal electrojet

day)

Three solar flares occurred at 0627 hr (75°E time), 1115
hr and 1227 on 5 June 1982. Figure 4 showsthe daily varia-
tionsof AY, AH and AZ on 5 June 1982. It is seen that on
thisday theionospheric currentswereabnormally larger than
the monthly mean values. The values of AH (TRD-ABG)
are negative around sunrise period but are exceedingly large
and positive during the rest of theday. AH at stations north
of GUL has shown midday minimum. The daily variations
of AY aswell as AZ are also larger at equatorial stations
KOD and ANN as expected because of the enhanced east-
ward electrojet currents during the daytime hours. The daily
variations of Z field at TRD and ETT have a peak in the
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Fig. 3. Latitudinal variations of the pre-flare amplitudes and sfe amplitudes
in H, Y and Z associated with two flares on 4 June 1982.

forenoon and a minimum in the afternoon hours, a feature
generally attributed to the effect of induction within the con-
ducting regions of the solid earth.

In Fig. 5 are shown the latitudinal variationsof AH, AY
and AZ on 5 June 1982, in comparison with the correspond-
ing values for monthly mean Sq variation. It is seen that the
range of H field at low latitudes is larger on 5 June 1982
when compared to the monthly mean Sq variations. At the
electrojet stations, TRD and ETT the range in H is more
than double the monthly mean value. Similar enhancements
of AY areobserved at the equatoria stationsonthisday. The
AZ near noon is positive at TRD and ETT and negative at
other stations.

In Fig. 6 are reproduced the traces of H, Y and Z fields
at each of the stations on 5 June 1982. The first crochet oc-
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Fig.4. Solar daily variationsof AY, AH and AZ at each of thestationson 5
June 1982. The H onthisday wasdistinctly larger than the corresponding
Sq variations.

curred around the sunrise period (0627 hr) when AH (TRD)
was negative at the equatorial latitudes and consequently the
impulse of crochet on H at TRD, ETT, KOD and ANN were
all negative. At higher latitudes, no significant sfe were seen
due to ailmost zero AH fields at that time. At stations north
of India, the impulse was clearly positive. The signatures of
thisflare on Y field were too small at the northern latitude
stations. The sfe in Z were small and positive at TKT and
AAA.

Another two solar flares occurred at 1115 hr and 1227 hr
when the normal electrojet current was quite strong. The
signatures of the crochet on H are consequently positive at
each of the stations from Trivandrum to AlmaAta and nega-
tive at Karaganda and Novosobirsk following the Sq current
pattern. It isto be noted that the signatures of crochet on'Y
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Fig. 5. Latitudinal variations of the daily rangesof AH, AY and AZ on5
June 1982 compared with the corresponding variations on Sq days.

were negative at all the stations. The signature of crochet
on Z was positive at equatoria stations TRD, ETT, KOD
and ANN, and negative at stations outside the electrojet belt.
The effect of sfein Z at HY B was too small to ascertain the
sign correctly. Itisto be noted that the positive deviations of
AZoat TRD and ETT have been extended even upto midday
hours on this day.

In Fig. 7 are shown the latitudinal plots of the pre-flare
values of AHo, AYo and AZo and the sfe magnitudes in
these fields AHT, AYf and AZf for the two flares (1) at
1115hrand (2) at 1227 hr. Itisseenthat thepre-flare AHofor
both the first and second have shown a strong enhancement
over the magnetic equator. The solar flare effect in H is
the same enhancement towards the equator. The pre-flare
AYoisaround —30 and —40 nT at all the stations. Theflare
magnitudeinY (AYf) at al the stationsare around —10 nT.
Thevalue of Z field just before the flare, A Zo hasindicated
an increase, from avalue of —40 at Jaipur to avalue around
+15 nT at Trivandrum. The flare effect in Z, i.e. AZf is
around —5nT to —10 nT at low and higher latitude stations.
But between ANN and TRD, it showed an increase from a
value of +30to +40 nT. Thus, the sfein Z at the equatorial
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Fig. 6. Reproduction of thetracesof H, Y and Z magnetograms on 5 June
1982 at different stations showing the signature of the effects of solar
flares at 0627, 1115 and 1227 LT. The magnitude of the field change is
indicated as vertical side of a square included in the diagram. The side
of the square is the same as one hour duration.

stations can be considered as abnormally large.
2.3 Crochet on 15 June 1982 (strong counter electrojet
day)

A solar flare has occurred at 1520 hr on 15 June 1982.
The daily variations of AH, AY and AZ on 15 June 1982
are shown in Fig. 8. Therange of H at TRD on 15th June
1982 was very close to the monthly mean values. The flare
occurred in the afternoon hours when AH at TRD was sig-
nificantly negative over themidnight level. Thevalueof AH
(TRD-ABG) was negative exceeding 40 nT during the flare.
This event was thus during a full strong counter electrojet
conditions.

In Fig. 9 are reproduced vertical incidence ionograms at
Kodaikanal from 1500 hr to 1600 hr on 15 June 1982. It is

Xy = =X
X - X
P \xd h—

solar flare effect

AHf 1 nT
S B 8T T T = = X —+28
nT
100 —-o0—0- 1115 hr —-20
60 , PRE-FLARE
40t ~. AHo N
20 R 7
O \x"\\
-20} = iy
-40 | | ] | |

0 10 20 30 40 50 60
DIP LATITUDE °N

Fig. 7. Latitudinal variations of pre-flare values (AHo, AYo and A Zo) of
theflareimpulse (AHf, AYf and AZf) of theflares at 1115 and 1227
LT on 5 June 1982.

to be noted that at 1500 and 1515 hr echoes were recorded
from frequencieslower than 2 MHz. At 1530 hr no echo was
seen below 6 MHz and even the refl ections at higher frequen-
cies were weak. Noting that the flare had stated at 1520 hr,
this absence of low frequency echoes are due to the sudden
increase of ionospheric absorption due to the flare ioniza-
tion at lower E and D regions. The absorption decreased on
subsequent records at 1545 hr and 1600 hr.

Figure 10 showsthereproduction of the H, Y and Z traces
of the magnetograms at each of the stations on 15 June 1982.
Thisseemsto beavery rare occasion when the flare occurred
during strong counter electrojet event and a set of data at al
the stations in India and former USSR states are available.
The signature of AHf due to crochet is significantly neg-
ative at the equatoria stations TRD, ETT, KOD and ANN.
It is positive at all stations at higher latitude upto TKT and
negative at KGD and NVS. The signature of AZf wasvery
clearly negativeat TRD and ETT and positiveat ANN, HYB
and at other stationsin India. AZf isagain positive at sta-
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Fig. 8. Solar daily variations of AY, AH and AZ at each of the stations
on 15 June 1982, a solar flare had occurred at 1520 LT during a counter
electrojet event.

tions north of Indian latitudes.

Figure 11 shows the latitudinal variations of the pre-flare
values of AHo, AYo and AZo as well as the amplitude
of crochet AHf, AYf and AZf. Itisremarkable to note
that the latitudinal variationsat AHo aswell as AH f show
decreasing trend with decreasing latitude. The actual values
of AHoand AHf a TRD, ETT, KOD and ANN are negative
but the effect of the counter electrojet is evidenced at all the
other stations in India. It has been shown earlier that the
effect of very strong counter electrojet is not confined only
to the stations at equatorial latitudes but can extend upto the
northernmost stationinIndia(Rastogi, 1991). Thelatitudinal
variations of AZ and AY are very similar just prior to the
onset and at the peak of crochet.
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Fig. 9. Reproduction of the vertical incidence ionospheric p’-f records at
Kodaikanal on 15 June 1982 around the time of flare which occurred at
1520 hr 75° EMT.

2.4 Crochet on 3June 1982 (apartial counter electrojet
day)

A crochet occurred at 1642 hr on 3 June 1982. Figure 12
showsthe Sq daily variationsof H, Y and Z at all the stations
on 3 June 1982. The electrojet on this day was close to the
monthly mean value. AH (TRD) was positive at the time of
the solar flare but AH (TRD-ABG) was negative, suggest-
ing a partial counter electrojet condition during the flare. In
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Fig. 10. Same as Fig. 6 but for 15 June 1982. The flare occurred at 1520
LT.

Fig. 13 are reproduced the traces of H, Y and Z at each of
the stations. It is to be noted that the crochet signature in
H isanegative one a all the equatorial stations TRD, ETT,
KOD and ANN while positive amplitude resulted at other
non-equatoria stations. AY due to the crochet is positive
at the equatorial stations and negative at UJJ, JAl and GUL
while an insignificantly small valueis recorded at HY B and
ABG. The signature of AZ appears to be positive at equa-
torial and negative at higher latitudes. Figure 14 shows the
latitude variations of the pre-flare signatures AHo0, AYo and
AZo aswell asflareimpulse AHf, AYf and AZf. The
pre-flare values of AHo were practically constant with lat-
itude suggesting that there was a partia counter electrojet
when AH (TRD) was positive but AH (TRD-ABG) was

15-JUNE 1982

A Az |

-20
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Fig.11. Latitudina variationsof thepre-flarevalues(AHo, AYoand AZo)
and peak flare values of peak flareimpulses (AHf, AYf and AZf) of
theflare at 1520 LT on 15 June 1982 during a counter electrojet period.

negative. Rastogi (1975) has explained these events as due
to the superimposing of a westward flowing current at 100
km altitude over the global Sq current flowing eastward at
107 km, such that the net current is weakly eastward. The
latitudinal variations of H are greatly reduced during these
events. The signature of crochet on H shows decreasing am-
plitudefrom ABG to TRD inconformity to thecharacteristics
of partial counter electrojet. Thevaluesof pre-flare AYo are
positive at each of the stations while the flare signature is
positive at low latitudes and negative at higher latitudes. The
pre-flare values of AZo are positive at each of the stations
again indicating awestward flowing electrojet current.

3. Resultsand Discussions

The effect of solar flare on the geomagnetic field has been,
sincethe earliest work, assumed to be asimple augmentation
at the pre-flare ionospheric currents over the station. There
hasbeen little attention paid to the sfe on Z field dueto uncer-
tain induction effects on this component of the geomagnetic
field. However, the flare is a temporary increase of solar
ionization as such we assume there will be no significant
change in electric fields. These sfes can be very useful in
understanding the electromagnetic induction effects on the
various components of the fields at the station. The unique
Indo-USSR chain of magnetic observatories provide datafor
the ionospheric current system not available anywhere else
in the world.

The solar flare occurring during the period of strong east-
ward currents at low latitudes produce positive impulse in
H field at al the stations. The magnitudes of AH due to
sfe follow the latitudinal variation very similar to that of Sq
(H). The sfe for the midday events on the eastward field
(AY) show a negative impulse at all the stations. The sfe
in Z results in an abnormal positive impulse at electrojet
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Fig. 12. Solar daily variationsof AY, AH and A Z at each of the stationson
3 June 1982, asolar flare had occurred at 1642 LT when apartial counter
electrojet period.

stations, TRD, ETT, KOD and ANN eventhough induction
effects may not distinctly be seen at KOD or ANN on Sq (2)
variations. Thisis due to the shorter period of sfe duration
compared to that of Sg variation, and the induction effects
arewell known to be stronger and sensitive for shorter period
variations (Carlo et al., 1982).

The solar flare effect in H during the interval of strong
counter electrojet consist of a negative impulse at al the
electrojet stations and a positive impulse at low latitude sta-
tions outside the electrojet belt. This can be understood as
the ionospheric current, during counter electrojet period, is
reversed to westward direction over the equatoria stations
but remains eastward at other low latitude stations. The ef-
fect of solar flare during a counter electrojet period on Y
shows negative impulse at low latitude stations and insignif-
icantly small negative impulse at equatorial stations. During
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Fig. 13. SameasFig. 6 but for 3 June 1982. Flare occurred at 1642 LT.

thenormal electrojet times, the zonal current iseastward giv-
ing positive A H and the meridional current isaway fromthe
magnetic equator giving a negative AY. During the counter
electrojet period, the zonal current is reversed to the west-
ward direction giving a negative value of AH; the merid-
ional current associated with the electrojet isal so reversed to
equatorward direction giving a positiveimpulsein AY. The
absence of strong effect in AY due to solar flare during the
counter electrojet time may be due to the cancellation of the
effects of Sq and the electrojet components of the equatorial
currents during that period. The solar flare effect in Z during
the counter electrojet period is interestingly the observation
of abnormally large negative impulse at stations within the
electrojet belt. This can be explained in terms of positive
induction effect on Z during normal electrojet and negative
effect on A Z during counter electrojet times. Rastogi (1999)
has described the effect of solar flaresonthe H and Y fields
at Huancayo. During normal electrojet condition which con-
sistsof apositiveimpulsein H and Y and anegative impulse
in Z field. During counter electrojet periods a solar flare
produced anegativeimpulsein H and Y fieldsand a positive
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Fig. 14. Latitudinal variations of the pre-flare values (AHo, AYo and
AZo) and the peak flareimpulses (AHf, AYf and AZf) of theflare at
1642 LT on 3 June 1982 during a partial counter electrojet.

impulse in Z field at Huancayo. Thus, it was shown that a
flare effect is just an augmentation of both the zonal as well
as the meridional components at the electrojet currents pre-
vailing at pre-flare level. Their effect on the vertical field is
also an increase of the existing field.

During the partial counter el ectrojet period when the west-
ward current is not strong compared to the eastward one, the
sfein AH may be amerereduction in amplitude at the equa-
torial latitudes asin the case of flareon 3 May 1973 (Rastogi,
1996). Similarly, the sfein AY and AZ may be different at
the equatorial and at low latitude stations.

The results of flare effectsin Z included in Fig. 11 (15th
June 1982) during the counter electrojet time show the posi-
tive magnitude upto the station at the latitude of JAl. How-
ever, at TRD to KOD stations which are very close to the
axis of the electrojet, flare effectsin Z are negative or close
to zero. Similar trendsin Z during partial counter electrojet
time (refer to Fig. 14) are noticed but the positive variations,
including the stations closeto the electrojet axis, are confined
upto the latitudes of ABG station. However, the latitudina
variation of Sq (Z) of the June month shown on the top panel
of Fig. 5 has not shown any deviation from the seasonally
expected pattern. Thus, it isquiet evident that the signs of Z
duringtheflare, theambient pre-flarefields(Zo’s) and theas-
sociated el ectromagnetic induction effectswill vary with the
flare time equivalent current systems (not shown but can be
considered by the magnitude and directions of changesin H
and Y). The counter and partia counter electrojet effectson
theflarein Z arequietintriguing asthevariationsduring these

times are very different for latitudes far beyond the equato-
rial electrojet region. It iswell known, the Z-component of
the field is very sensitive to the local inhomogenities of the
earth’s internal conductivity. In the frequency intervals of
the flares, the magnitudes of the induced components due to
electromagnetic induction within the earth are not too small
to be ignored. Also, during the flare, radiation of different
wavelengths of varying intensities may be responsible for
the additional ionization. Perhaps all these factors may have
restricted the studies of sfe effect on Z so far.

The fact that magnitudes and the signs of flare and pre-
flarefields, especialy inthe Y and Z components, indicates
that simultaneous existence of zonal and meridional currents
responsible for Sq and equatorial electrojet. These results
further confirm the recent suggestion made by Rastogi (1996)
that the solar flare effect on the meridional current at low
latitudes consist of a component associated with the global
Sq current and another component directly related with the
electrojet current which may change direction depending on
whether the electric field at 100 km is eastward or westward.
Thus, this anomalous induction effect of sfein Z extendsto
larger latitudinal belt than that of the induction effects with
Sq (Z). During strong counter electrojet event, sfe produces
anegativeimpulse at equatorial stationsand positiveimpulse
at higher latitudes. ThesfeinY at higher latitudesis a neg-
ative impulse but at equatorial latitudesthe sfein Y is small
dueto the cancellation of negative effect in Sq component by
the positive impul se due to the el ectrojet component of iono-
spheric current at equatorial latitudes. The sfein Z consists
of anegative impulse at al latitudes.

During a partial counter electrojet event sfe appear to be
the combined effects on the Sq and el ectrojet components of
the ionospheric currents especialy on the relative strengths
of the two currents depending upon the magnitude of the
partial counter electrojet event.

Theseresults confirm the existence of the zonal and merid-
ional components of the ionospheric currents over the equa-
torial latitudes causingthedaily H and D variations. Further
at equatorial latitudes besides the global Sq currents, there
exist zonal and meridional currents associated with the equa-
torial electrojet fields, which combine with the Sg currents
to produce the complex effects.
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