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Using quarter-hourly ionogram data at Kodaikanal (geomag.
lat : 0.6°N; dip : 3-5°N) for the period 1957-63 a study is
made of the effect of geomagnetic activity on the occurrence
of range and frequency types of spread-F. It is found that
the occurrence of both range and frequency types of
spread-F shows a significant negative correlation with geo-
magnetic activity but only during years of high sunspot
activity

One well documented feature of the phenomenon
of equatorial spread-F is the inhibiting effect of geo-
magnetic activity on its occurrence, which influence
is noticed to be most apparent during the premid-
night period of high sunspot activity conditions.l~7
Most of these earlier studies were, however, based
on published ionospheric data bulletins., A more
gainful approach that is now being adopted for mor-
phological studies of equatorial spread-F is to make
use of ionogram data to provide information on the
type of spread-F and hence a better insight into the
phenomenon.®™-2° It is known that spread-F mani-
fests usually in two basic forms referred to as range
and frequency types on equatorial ionograms. 891
The range type of spread-F is characterized by the
presence of spread either only at the low frequency
end of the F-layer trace with clear cut fuF2 cusps or
over the entire frequency range of the F-layer trace.
The frequency type of spread-F, on the otherhand,
is characterized by the presence of spread only at
and around the critical frequency (foF2). The me-
chanisms responsible for these two basic types of
spread-F on equatorial ionograms are considered to
be different. The range type of spread-F has been
explained as due to scattering from thin field-aligned
irregularities in F-region ionization, and the fre-
quency type of spread-F as due to ducting or wave-
guide propagation of radio waves by thick field-
aligned irregularities.’®*® The physical processes in-
volved in the production and maintenance of these
field-aligned irregularities are yet to be established,4
although some progress has been made in the very
recent times, 2818

In this communication, we present the results of
a study of the effect of geomagnetic activity on the
occurrence of range and frequency types of spread-F
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at Kodaikanal (geomag. lat: 0°6°N; dip: 3'5°N), an
electrojet station in the Indian equatorial region.
The study is felt worthwhile in view of the paucity
of information in literature on the effect of geomag-
netic activity on individual types of spread-F at
clectrojet stations. The study is based on the original
quarter-hourly ionogram data at Kodaikanal cover-
ing the period 1957-1963, encompassing conditions
of high, moderate and low sunspot activities. The
unalysis consisted of a careful visual examination of
the ionograms to note down the presence and if so
the type of spread-F at 15-min intervals for each
night. From these data, the percentage occurrence
(defined as the ratio of the number of ionogramn fra-
mes exhibiting spread-F to the total number of iono-
gram frames examined, multiplied by 100) of either
type of spread-F (range or frequency) is calculated
for each night for the entire 7-yr period considered.
It is to be emphasized here that rather unusual
forms of spread-F are known to exist on equatorial
jonograms,»® and these have not been taken into
consideration in the analysis. The effect of geomag-
netic activity is studied by evaluating the cross-
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Fig. 1 — Cross-correlograms between 4, and the occurrence
of range and frequency types of spread-F for each year
from 1957 to 1963 (The horizontal dotted lines on the plots
indicate the correlation coefficient corresponding to a signi-
ficance level of 99% for the data sample (N=No. of data

points) used. R represents the annual mean of the sunspot
number.)

correlation for each year between Lhe daily values of
the planetary geomagnetic index (4,) and the occur-
rence of range and frequency lypes of sprcad-F
with time shifts from —4 to +4 days.

In Fig 1 are shown the cross-correlograms bct-
ween A4, and the occurrence of range and frequency
types of spread-F for each year from 1957 to 1963.
It can be clearly seen from Fig. 1 that there is a sig-
nificant negative correlation (level of significance
> 999%,) at zero time lag between A, and the occur-
rence of both range and frequency types of spread-F
during years of high sunspot activity. No such trend
is, however, apparent during periods of low sunspot
activity. These findings thus indicate that the marked
inhibiting influence of geomagneuic activity on the
occurrence of spread-F at Kodaikanal during high
sunspot activity conditions noticed in earlier stu-
diest*"? represents the behaviour of both range and
frequency types of spread-F. This behaviour of
spread-F configurations at Kodaikanal in relation to
geomagnetic activity is different from that at Chun-
gli (24'95°N; 12U°.°E dip; 19°N), near Taipei, where
only the range type of spread-F is reported to exhi-
bit a significant negative correlation with geomagne-
tic activity.?” Further studies are therefore needed to
assess whether the difference in behaviour at Kedai-
kanal and Chungli represents a longitudinal or lati-
tudinal effect.

In a very recent study (communicated) of
spread-F configurations at Kodaikanal for the period
1957-63, we have noticed that during periods of high
sunspot activity, range type of spread-F occurs pre-
dominantly during the pre-midnight hours witha
peak around 20-21 hrs LT and frequency type of
spread-F during the post-midnight period with a
broad maximum around 00-02 hrs LT. It is well
known that the equatorial F-region exhibits a mark-
ed increase in height in the post-sunset period es-
pecially during high sunspot activity conditions.1*2%8
At Kodaikanal in particular, the variation of A'F
(widely taken to represent the height of the bottom
of the nocturnal F-region) in the post-sunset period
exhibits a peak around 20-21 hrs LT.” The abovc ob-
servations suggest that the occurrence of range
spread-F is closely connected with the post-sunset
height nse of the F-region. The negative correlation
of range spread with geomagnetic activity noticed in
the present study can be explaincd, at lcast in a
qualitative way, in terms of the above understanding
as the post-sunset height rise at Kodaikanal is
known to be reduced during gecomagnetically dis-
turbed days compared to quict days, during high
sunspot activity conditions.?® Further studics never-
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theless are very much required to throw light on the
way the influence of geomagnetic activity is brought
about for the following reasons. The post-sunset
height rise of F-region is partly apparent due to loss
of ionization by recombination and diffusion at that
time. The direct measurements of F-region vertical
drift at Jicamarca, however, indicate the involve-
ment of a true vertical drift in the post-sunset height
rise as they clearly show the presence of a peak in
the upward vertical drift just prior to the reversal
around the sunset time**® There is no agreed
opinion at the moment as to the importance of the
factors associated with the post-sunset height rise
(i.e. pre-reversal peak in F-region vertical drift and
the altitude attained, the latter depending on vertical
drift recombination and perhaps diffusion), To
elaborate, the vhf scatter observations at Jicamarca
indicate that the bottom of the F-region is to be
above some threshold altitude for the irregularities
and hence spread-F to occur in the post-sunset
period.** Our recent detailed studies at Kodaikanal,
both for high and low sunspot activity conditions,
did not show the presence of any particular thre-
shold height for the occurrence of spread-F in the
post-sunset period, suggesting that the post-sunset
occurrence of spread-F is not uniquely dependent
on the height attained.?® The inhibiting influence
of geomagnetic activity on the occurrence of
frequency type of spread-F during high sunspot acti-
vity years evident in the present study is a new and
interesting feature of equatorial spread-F. As already
mentioned, the frequency type of spread-F is consi-
dered to be due to ducting by thick field-aligned
irregularities. There is not much information in
literature, however, as to the parameters or processes
involved in the generation and maintenance of such
irregularities. Further work on this aspect is
necessary to help in an understanding of the behavi-
our of frequency type of spread F.
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