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On the onset of equatorial spread-F
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ABSTRACT - Using quarter-hourly ionogram data at Kodakanal (Geo Mag Lat 0 6°N, Dip 3.5°N) for a one year period of high solar
activity, a study 1s made of the behaviour of Fregion around the time of the post sunset appearance of spread-F The results ndi-
cate the absence of any particular threshold height for the battom of the Fregion for the onset of spread-F. Flucuating east-west
electric field does not appear to be a prerequistte for the onset of equatorial spread-F.

RESUME. - On a fait une étude du comportement de la région F aux alentours du temps de l'appannion de spread-F aprés le coucher du
soleil, en utilisant des fonogrammes enregistrés tous les quarts d'heure @ KODATKANAL (Latitude géomagnénique 0,6°N, Dip 3,5°N)
pendant une période d'un an de forte actwité solare Les résultats imdiquent 1'absence d'une houteur sewrl particuliére pour la imite
inférieure de la région F pour le déclenchement du spread-F Il parait que le champ flectrique fluctuont est-ouest n'est pas néces-
saire au déclenchement du spread-F Il parait que le champ électrique fluctuant est-ouest n’est pas nécessatre au déclenchement du

spread-F équatoral.

Introduction

The phenomenon of equatorial spread-F as observed
on bottomside ionograms has been extensively studied
over the past two and half decades using published io-
nospheric data (refer to Clemesha and Wnight, 1966 and
to references in Skinner and Kelleher, 1971 for earlier
work) and in recent times using original ionogram data
(Chandra and Rastog, 1972 ; Sastri and Murthy 19752 ;
Sastri et al., 1975). Although partial reflection from
small field aligned irregularities in F-region jonization
8 widely considered to be responsible for equatorial
spresd-F, the mechanisms responsible for the produc-
tion and sustenance of the irregularities are not yet clear
(refer to Farley et al., 1970).

One of the well established features of equatonal
Spread-F is the close association of its onset with the
Post sunset rise of the F-region. From a comparative
$tudy of the average nocturnal variation of 2’ F on mghts
with and without spread-F at two equatorial stations .
K°§18ikana.l and Huancayo around a period of lugh solar
Activity, Rao (1966) inferred the presence of a thre
fhold height of about 400 Km. for the occurrence of
Spread-F in the post sunset period. The VHF scatter ob-
Servations of Farely et al., (1970) also indicate that the

bottom of the F-region 1s to be above some thre shold
altitude for the irregularities and hence spread-F to ma-
nifest.

McClure and Woodman (1972) noticed similarities in
the statistical pattems of equatorial spread-F and elec-
trostatic turbulence. Hanson et al., (1973) suggested that
turbulent electric fields in the Fregion could be a neces-
sary condition for equatorial spread-F. Recently Soma-
yajulu et al., (1975) observed sigmficant fluctuations
in &' F at Trivandrum (Dip 0.6°S) on night with long en-
dunng spread-F. In contrast they noticed that nights
with short duration spread-F exhibit only a single maxi-
mum in h'F and devoid of any significant fluctuations
in h'F. Since fluctuations in &' F correspond to vertical
motion of the F-region which at the equator is attribu-
ted mainly to electrodynamuc drift caused by east-west
electric field, they suggested that fluctuating east-west
electric field forms one of the prerequisites of spread-F
generating and sustaining mechanisms.

In this brief communication, we present the results
of a study of the behaviour of F-region at the time of
the onset of equatorial spread-F. The study is based on
the quater-hourly jonogram data at Kodaikanal (Geo.
Mag. Lat: 0.6°N, Dip 3.5°N) for a one year penod
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(January-December 1958) of high solar activity (Mean
sunspot number R; = 185). The analysis essentslly
consisted of a careful examination of the quarter-hourly
ionograms in the post sunset period and the values of
K'F at the first post sunset appearance of spread-F on
individual nights are noted down. Following accepted
practicle, the value of A'F is taken to represent the true
hight of the bottom of the F-region.

Results
Figure 1 shows mass plots of #'F at the time of the
first post sunset appearance of spread-F corresponding

to individual nights as a function of planetary magnetic
index Ap. As the post sunset behaviour of 4'F in the
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Fig.1
Mass Plots of h'F at the time of first post sunset appearance of
spread-F at Kodatkanal duning 1958.

electrojet region is known to be influenced by geoma-
gnetic activity and hence could contribute to variability
in the values of #'F on individual nights, the mass plots
are drawn as a function of Ap The season wise breakup
is felt necessary inview of the earlier work of Rao
(1966) which indicates the percentage occurrence of
spread-F associated with different hights of the F-region
to be dependent on season. Besides, it has been noticed
that the spread-F configuration is not the same on in-
dividual nights at the time of the onset in the post
sunset period. It is therefore felt desirable to study mass
plots of A'F separately for different types of configura-
tions, which is all the more appropriate as the observa-
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tions of Farley et al (1970) refer to a particufar class
of spread-F wherein irregularities are noticed only at
the bottomside of the F.region. In the present study,
spread-F configurations at the time of onset are divided
into three groups; range, frequency and complex. The
range group consists of two types of configurations:
one where in spreading is present only at the low fre.
quency end of the F-layer trace with clear cut FoF2
cusps and the other wherein spreading extends over
the entire frequency range of the Flayer trace. The
frequency group is characterised by configuration
wherein spread exists only at and around the criticial
frequency. Configurations which do not fall either into
range or frequency group are termed complex. It can
be seen from Fig. 1 that there is considerable scatter
(by about 250 Km,) in the values of 4'F at the time of
onset of spread-F irrespective of the type of configu-
ration and season. This behaviour indicates the absence
of any particular threshold height for the onset of equa-
torial spread-F. In a recent study, we have noticed that
there is no particular threshold height for the bottom
of the Fregion for the sustenance of equatorial spread-F
(Sastri and Murthy, 1975b). It is therefore apparent
that the onset and sustenance of equatorial spread-F
does not depend only on the height of the F-region.

It is extensively reported in,ljt{rature that enchanced
geomagnetic activity leads to an inhibition of the occur-
rence of equatorial spread-F. However, not much is
known about the effect of geomagnetic activity on the
onset of equatorial spread-F. In Fig. 2 we show the dis-
tributions of Kp for nights with and without the onset
of spread-F in the post sunset period at Kodaikanal,
Since the onset of spread-F is noticed to occur mostly
between 1800-2100 1.S.T., the Kp value corresponding
to the 3 hour interval 12-15 U.T. (1730-2030 1.S.T.)
is taken into consideration. It can be seen from Fig. 2
that nights with onset of spread-F' are usually associated
with low values of Kp (Kp < 3) and nights without
onset with high values of Kp (Kp > 3) indicating that
ingeneral, enhanced geomagnetic activity leads to an in-
hibition of the onset of equatorial spread-F in the post
sunset period.

During the period January-December 1958, we have
20 nights on which ionograms are available at 5 minute
intervals. These 20 nights are noticed to be scattered
over the year and correspond to different levels of geo-
magnetic activity, thus providing a suitable sample to
examine whether fluctuating east-west electric field is
a prerequisite for the onset of spread-F. h'F values at
5 minute intervals have been scaled for these 20 nights
during the time interval 1800-2100 1.S.T. It is found
that there are no significant short period fluctuations
in h'F around the time of onset of spread-F on any of
these nights. This can be seen from Figure 3 wherein
the post sunset behaviour of A'F 1s presented for some
of these nights, It is apparent therefore that fluctuating
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Fig. 2

Distribution of Kp (1730-2030 IST) for nights with and without
onset of spread-F in the post sunset period.
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east-west electric field is not necessarily a prerequisite
for the onset of equatorial spread-F.

manuscrit regu le 03.06.1977

References

Chandra H. and Rastogi R.G., “Solar cycle and seasonal varia-
tion of spread-F near the magnetic equator.” J .Atmos. Terr.
Phys , 32,439-443,1970.

Chandra H. and Rastogi R.C., “Spread-F at the magnehc equa-
tonial station, Thumba”. Annals. Geophys., 28,37-44,1972.

Clemesha B.R. and Wright, RWH., “4 survey of equatorial
spread-F and its effects upon radio wave propagation and
communication” edited by P. Newman, 3-27, Technivision,
Maidwhead, England, 1966.

Fadey D.T., Balsley BB., Woodman R.F. and McClure J.P.,
“Equatorial spread-F. Implications of V.H.F. rader obser-
vations”. J. Geophys. Res., 75, 7199-7216,1970.

Hamson W.B., McClure J.P. and Stetling D.L., “On the cause
of equatonal spread-F”. J. Geophys. Res., 78, 2353-2356
1973.

McQlure J.P, and Woodman R.F., “Radar observations of equa-
tonal Spread-F m a region of electrostatic turbulance”. J.
geophys. Res, 71, 5617-5621. 1972.

Rao B.C.N., “Control of equatorial spread-F by the F-layer
height™, J. Atmos. Terr. Phys., 28,1207-1217, 1966.

Sastri J.H. and Murthy B.S. “Spread-F at Kodaikanal™, Annals
Geophys., 31,285-296,1975a.

Sastri J.H., Murthy B.S. and Sasidharan, K., “On the charac-
teristics of spread-F configurations at Kodatkanal™. Annals.
Geophys., 31,409-414,1975.

Sastri JH. and Murthy B.S., “Observations of spread-F at Ko-
daikanal”. Ind. J Radio and Spa. Phys., 4, 109-112, 1975b.

Skinner N.JJ. and Kelleher R.F., “Studies of F-region wrregula-
sities at Nairobi-l, from sprea-F on ionograms®”. Annals.
Geophys., 27,181-194, 1971.

Somayajulu V.V., Sengupta K. and Krishna murthy B.V., “Du-
ration of equatorial spread-F “Nature, 257, 112-113, 1975.

y
v

Fig. 3
Typical examples of the post sunset vanation of W'F (from 5

min. interval ionograms) at Kodaikanal, The dark areas on
the plots indicate the presence of spread-F.

49



	00000001
	00000002
	00000003

