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A POSSIBLE CAUSE OF MIDLATITUDE
SPREAD-F DURING MAGNETIC STORMS

IT is widely co:sidered that the disturbed ionospheric
condition known as spread-F (eppeaieznce of diffuse
echoes on ionograms) is due Lo partizl reflections from
small field aligned irregularities in F-regicn ioniz2tion.!
However, following the work of King® in which ke
a-gued that sprexd-F, irrespective of lititude, is not
due to partial reflections from small field aligned
irregularities, but is due tc total reflection from large
sheets of jonization, opinions are divided in literature
as to the cause of spread-F34., Recently, Niclol®
noticed a close simjlcrity in the occurrence of
spread-F at higher midlatitudes and the formation of
mijdlatitude inospheric trovgh in the Australian sector
which lead him to suggest that spread-F at higher
midlatitudes is due to multiple reflections off = the
steep ionization contours at the edges of the
trough (reflection from the ionizaticn gradients at
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the edges of the tiough could cause spread-F due
to the existence of several paths of total reflecticn).
The very recent study of the author® also stowed a
close association between the occurrence of spread-F
at Christchurch (43-65,° 172-8°E, invariant lctitude
A = 49-0°S) inside the trovgh zons and the latitudinal
gradient in jonization around the equatorward edge
of the trough (based on total electron content dJata
at two stations one inside and the other outside the
trough zone) in the Pacific sector, lending support to
the work of Nichol, It is well known ttat enh.nced
geomagnetic activity leads to an increase in the
occurrence of spread-F at middle latitudes with a
delay of 0-2 dayvs®8., In view of tke above conside-
rations, it is felt worthwhile to examine tte bilaviwur
nf spread-F at a higher midlatitude station (inside the
trough zone) and the latitudinal gradient in joniza-
tion around the equatorward edge of the wrough (depth
of the trough) during geomagnetic storms, The objec-
tive is to see whether the enhancement in spread-F
occurrence thar follows the onset of geomagnetic storms
is associated with an increase in the depth of tle trough
as would be expected if the occurrence ¢f spread-F
is due to the formation of .he ionospheric trough.

The study is based on the publisked foF2 daia at
the two Australian staticns, Canberra (35-3°S,
149-0°E, invariant latitude A =45°S) and Hobart
(42-9°S, 147-2°E, invariant latitude A = 54°S),
It is known that during night time the midlatitude ic no-
spheric trough has usually a width of 15-20° in Jati-
tude and cenired around A = 57°%'" Tlerefore,
Hobart (at A =54°S) will usually be inside the
trough zone while the more northerly station, Canberra
(at A = 45°S) outside the trough zone. The ratio
of peak electron density (deduced from foF2) at
Canberra to that at Hobart, N. /N, thus provides
a convenient measure of the latitudinzl gradient in
ionization around the equatorward edge of the trough
(depth of the trcugh corresponding to the F-region
peak) at any particular time. This proceduvre to infer
the depth of the trough is quite appropriate as the
mjdlatitude trough is known to manijfest above and
at the F-region peak!®-!* and even below the peak?®,
The geomagnetic storms studied here cover 2 tl.ree-
year period from July 1969 to July 1972 and have
been so selected as to be preceded by low geomagnetic
activity so that the effect of enhanced geomagnetic
activity (that occurs during geomagnetic storms) can
be inferred. Informarion aboutr 1the geomagnetic
storms, i.e., times ¢f sudden commencement (SSC),
maximum values of the three Lcurly K, index and
daily A, index during the variots storms js rresented
in Table I.

In Figs. 1 and 2 are shown continuous plots of the
K, index and the ratio N /Ny for the eiglht storm
periods under consideration. The short verticel bers
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TABLE 1
Details of geomagnetic storms

- " Time of Mixitum Vajue of
Date

Storm SC A,
(150°E.M.T))

1. 26 July 1969 2153 7 45
2. 26 Aug. 1969 1435 6 21
3. 28 Sep. 1969 0725 7 90
4, 27 May 1970 1514 4 45
5. 17 Aug. 1970 0805 9~ 115
6. 14 Dec. 1970 1154 8+ 65
7. 17 Dec. 1971 0008 .o .

18 Dec. 1971 .. T+ 67
8. 7 Mar. 1972 0708 T+ 45
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Fi1G. 1. Variation of K, index and N /N, for the
storms of 26 July 1969; 26 August 1969; 28 September
1969 and 27 May 1970. The short vertical bars al
the bottom of the N_/N, curves indicate the presence
of spread-F at Hobart. (W) indicates the time of
the storm sudden commencement.

at the bottom of the N./N, curves in Figs. 1 and 2
indicate the presence nf spread-F at Hobart. 1tcanbe
clearly seen from Figs. 1 and 2 that there is a conspi-
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cueous apd rather consistent increase in the depth of
the trough (N /N.), either during the same night cr
the next night of the suddan commencement of the
storm with a similar pattern of enhancement in the
occurrence of spread-F st Hobart (storms 26 cf Tabla I),
‘The observed increase in the occurrence of the spread-F
at Hobart after the inltiaticn of the stcrm (storms
2-7 of Table I) is in agreement with the findings of
the earlier statistical studies®® that enhanced gec-
magnetic activity lead to an increase in (sprecd-F
occurrence at midlatitodes with a lag of 0-2 days.
It may also be geem From Fige. 1 and 2 that the occur-
reince of spread-F at Hobart during storm conditicns
is ususlly assaciated with relatively high walues of
N./Ng (1-5 and aboyve). However, there is no one-tc-
one association between the occurrence of spreed-F
at Hobart and relatively high values of N /N, when
examined on a hour to hour basis. A good example
of this is the bohaviour during the night of 20-21
December 1971 (Storm 7).
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F.o. 2, Sume as Fig. | for the storma of 17 August
1970; 14 December 1970; 17 December 1971 and
7 March 1972, :

The above observations suggest that ome of the
causes (if nol ths cause) of the occurrence of spread-F
at higher midlatitudes is the formation of the midleti-
tudo jonospheric trough and the posible multiple
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reflectjons from the steep jonization gradients at the
cdges of the trough, lending further suppoit to tke
work of Nichol' and the author? ‘The preshnt study
also suggests the noed for further studies with more
detiilod information on the trough characteristics
(using either foF2 or total electron content (N,) data
from a close network of stations around the trough
zong) and the spread-F charactaristics (Using ectuel
ionogram data to infer the type of apread-F configu-
ratjon, extent of spread........ eic.) to enable a better
undemstanding of the role of the formstion of the
roidlatitude jonospheric trough as & cause of spread-F
in the trough zome.

Thanks are due to the Director, World Data Centrs,
Moscow, US.S.R. for providing the foF2 data used
in this study.

Indian Institute of Astrophysics, J. HANUMATH SASTRI,
Kodajkanal 624 103,
February 15, 1978.

1. Herman, J. R., Rev. Geophys., 1966, 4, 255,

2. King, G. A. M., J. Aimus. Terr. Phys., 1970,
32, 209,

3. Skinner, N. J. and Kellsher, R. F,, Am,
Geophys., 1971, 27, 181,

4. Sowulri, J. H., Murthy, B. 8. and Sasidhercn, K,
Ibid., 1975. 31, 409,

5. Nichol, D, G., J. Atmos. Terr, Phys., 1973, 35
1B69. .

6. S stri, 1. H,, Ibid,, 1977, 39, 1347,

7. Briges, B. H, Ibid., 1965, 27, 991.

3. R-ju P.T.S.and R0, B. R, fbid, 1969, 31, 86D

9. Nama, G. L, Space Research IV, North-Holland,

Amsterdam, p 437,

Muldrew, D. W., J. Geophys. Res., 1966, 71,

1345,

11, Sharp, G. W., Ibid., 1966, TI, 1345,

12. Caen, XK. L. end Colin, L., Proc. IEEE, 1969,
57, 950. _

13. Liwk~, L., Naiwre (Lond), 1965, 288, 250,

14, —, L., J. Atmos, Terr, Phys., 1967, 29, 1243,

15, Bowm'n, G. G., Planet Space Sci,, 1969, 17, 777,

16. Sasrp, G. W., Trums. A.G.U., 1966, 47, 54




	00000001
	00000002
	00000003

