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The ionospheric total electron content and equivalent slab thickness in the equatorial region around
75°E have been studied. It is found that the slab thickness exhibits a strong latitudinal dependence with a
maximum at the magnetic equator and a minimum around the crest of the F; anomaly, indicating that the
F region is thick near the equator and most skewed near the crest. The results are consistent with the elec-
trodynamic drift and diffusion in the equatorial ionosphere.

It is known that at low latitudes during the daytime the
maximum electron density of the F layer exhibits a pro-
nounced latitude variation with the appearance of a trough at
. the magnetic equator and two crests around +30° magnetic
dip [Appleton, 1946]. Workers have sought to explain this lati-
tude variation, known as the equatorial anomaly, on the basis
of a vertical electrodynamic drift of ionospheric plasma at the
magnetic equator and plasma diffusion along magnetic field
lines [Hanson and Moffert, 1966, and references therein]. The
top side sounder results revealed that shortly after sunrise a
single ionization crest occurs above the magnetic equator at all
altitudes, but later the equatorial anomaly develops in the
form of an arch, along which the ionization is enhanced and
which lies along different magnetic field lines [Eccles and King,
1969] with the buildup of electrodynamic force. The crests of
the equatorial F; anomaly appear at a location where the arch
following the magnetic field lines maps itself to the F, layer.
Around noon, when the electrodynamic force attains its maxi-
mum value, the altitude of the field-aligned ionization arch be-
comes maximum at about 800 km over the magnetic equator,
and the crests of the equatorial F; anomaly move farthest
apart. In the late afternoon the process is reversed, and the
crests come closer, merging finally into a single crest at the
magnetic equator. Since the above geomagnetic control is a
feature of considerable height range in the top side iono-
sphere, the ionospheric total electron content TEC, which is
heavily weighed by ionization up to about 600 km, is expected
to exhibit a latitude variation similar to the equatorial anomaly
in F, ionization. The existence of such a latitude variation of
TEC has been established [de Mendonca et al., 1969; Hunter,
1970; Das Gupta and Basu, 1973). The ratio of the total elec-
tron content of the ionosphere, TEC, and the maximum
ionization N, F,, termed the equivalent ionospheric slab thick-
ness, provides a measure of the skewness of the vertical ioniza-
tion distribution. Since both TEC and N, F, exhibit a marked
latitude variation over the equatorial region, it is of interest to
examine if their ratio, i.e., the slab thickness parameter, varies
with latitude over the equatorial region. This study provides
information on the nature of variation of the vertical ioniza-
tion profile over the region where the equatorial F, anomaly
is obtained. However, owing to the presence of a strong
latitudinal dependence of TEC and N,F, such a study of
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slab thickness requires overhead observations of TEC and
Nnm F; at each of the different stations. In the present paper the
results on TEC and equivalent slab thickness obtained at
Kodaikanal (10.2°N, 77.5°E geographic; 3.5°N magnetic dip)
are combined with those of Hyderabad (17.3°N, 78.5°E geo-
graphic; 21.5°N dip), Ahmedabad (23°N, 72.5°E geographic;
34°N dip), and Delhi (28.6°N, 77.2°E geographic; 42°N dip)
for a study of the latitude dependence of electron content and
slab thickness. These four stations cover a dip range between
3.5°N and 42°N within a narrow longitude interval of 5° in
the Asian sector, where the equatorial anomaly is most dis-
tinct and regular [Hopkins, 1972]. Each of the stations
operates ionosonde and satellite beacon experiments. Hence
unambiguous values of slab thickness pertaining to their
respective locations can be obtained.

Figure | shows the diurnal variation of TEC at Kodaikanal
during the winter of 1966-1967. These results have been ob-
tained from the Faraday fading observations with satellite
BEB by using Ross” [1966] first-order method of analysis for
an equatorial station. The features, such as a presunrise mini-
mum, rapid ionization buildup, and a midday bite-out, are
similar to those obtained at the equatorial stations of Huan-
cayo [Bandyopadhyay, 1970] in the American sector for the
same period and Zaria in the African-sector [Skinner, 1966].
There is also an indication of a secondary nighttime peak in
TEC, but owing to limited data points no definite conclusion
can be obtained. The diurnal range, defined by the ratio of
maximum to minimum values of TEC, derived from the mean
diurnal curve, is about 10.4, which is somewhat higher than
the value of 8.7 at Huancayo. This may be dueto the difference
in the local seasons at the two stations or to the uncertainty in
the minimum value of TEC.

Figure 2 shows the variation of mean diurnal maximum
(around noon) and minimum (during the presunrise period)
values of TEC with magnetic dip. It also depicts the variation
of diurnal range with magnetic dip. In order to obtain these
curves the analyzed TEC data of Kodaikanal have been com-
bined with those from Hyderabad, Ahmedabad, and Delhi, re-
ported by Rama Rao et al. [1969, and private communication,
1971), Rastogi and Sharma [1971), and Somayajulu et al.
[1972], respectively. lt is observed that at noon the TEC curve
exhibits a pronounced maximum at Ahmedabad, situated near
the crest of the equatorial anomaly, and a trough at
Kodaikanal, located in the vicinity of the magnetic equator.
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Fig. 1. Diurnal variation of TEC at Kodaikanal during the winter of

1966~1967.

The observed behavior indicates that vertical electrodynamic
drift at the magnetic equator and diffusion of ionization along
field lines deplete the electron content at the magnetic equator
and enhance it around the crests of the equatorial anomaly.
The features of total content in the equatorial region have been
discussed by Basu and Das Gupta [1967], Rufenach et al.
[1968], de Mendonga et al. [1969), Golton and Walker [1971],
and Das Gupta and Basu [1973]. During the presunrise period,
when the upward electrodynamic drift is not operative, the
gradient of electron content with magnetic dip is expected to
be opposite to that obtained during the daytime. This is in-

deed found to be the case, as is shown in the curve corre- .

sponding to minimum TEC. As a consequence a sharp maxi-
mum in the diurnal range is obtained around the crest of the
equatorial anomaly, where TEC is maximum during the
daytime.

Figure 3 shows the diurnal variation of slab thickness at
Kodaikanal and three other stations situated around 75°E
longitude. At Kodaikanal the slab thickness exhibits a pre-
dawn peak that is associated with a drastic depletion of maxi-
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Fig. 2. Variation of TEC and diurnal range with dip around 75°E
longitude during the winter of 1966-1967.
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mum ionization N,F,; at the equator during this period
[Farley, 1966]. Between 0600 and 0800 a trough is observed,
which is caused by a relatively rapid buildup of ionization
around the F, layer. An examination of N,F, data at
Kodaikanal substantiates this rapid buildup of ionization. Be-
yond 0800 the slab thickness increases and attains a high value
around 1000 that is maintained throughout the day up to
about 2200. The F, ionization does not show any significant
change during this period. The high value of slab thickness
during the daytime is consistent with electromagnetic drift
(fountain effect), which enhances the content of the top side.
The decrease in slab thickness after 2200 may be caused by the
movement of the equatorial ionosphere to lower altitudes
around this time [Mahajan et al., 1968).

When the diurnal curves of slab thickness at Kodaikanal are
compared with those of other stations, it is found that there ex-
ists a striking latitudinal dependence during the daytime. A de-
crease of slab thickness by about 100 km is encountered be-
tween Kodaikanal and Hyderabad, separated by only 7° in
geographic latitude. However, the difference in dip value be-
tween these two stations is about 18°. At noon, when the equa-
torial anomaly is fully developed, the slab thickness falls off
rapidly as one moves away from the magnetic equator, and it
attains a minimum value at Ahmedabad, situated below the
crest of the equatorial anomaly. Thus the slab thickness at a
low-latitude station depends on its location with respect to the
crest of the F, anomaly.

The above striking features of slab thickness in the equa-
torial region can be explained in terms of the ‘fountain effect,’
by which the ionization is lifted upward at the magnetic equa-
tor by the electrodynamic drift and diffuses along the geomag-
netic field lines to be deposited at low latitudes. The ioniza-
tion profile at the magnetic equator at altitudes above 300 km
is mainly controlled by the electrodynamic drift. During the
daytime with the development of the eastward electric field at
the magnetic equator an upward drift velocity is imposed on
the ionospheric plasma, which results in a thickening of the F,
layer, often leading to stratification without any significant in-
crease in N, F; [Huang, 1974]. This explains the observed high
value of slab thickness at Kodaikanal during the daytime. As
the cross section of a field tube along which the plasma diffuses
from the magnetic equator shrinks gradually with decreasing
altitude, the vertical ionization profile becomes more skewed
with increasing latitude, The profile attains maximum skew-
ness at the crest of the equatorial anomaly, where the depo-
sition of equatorial plasma is maximum. The computed pro-
files illustrated in Figure 4 of Huang [1974] demonstrate the
above variation of profile skewness at low latitudes.

Balsley and Woodman [1969] have established that the ver-
tical drift velocity at the magnetic equator is highly correlated
with the equatorial electrojet current. As a result, the char-
acteristics of the equatorial anomaly should be closely related
to the strength of the electrojet current, This has been shown
by several workers [Dunford, 1967, 1970; Walker and Ma,
1972; Rush and Richmond, 1973). The latitudinal gradient of
slab thickness, being primarily governed by the vertical drift
velocity at the magnetic equator, should increase with the
strength of the electrojet current.

Recently, Titheridge [1973, 1974], on the basis of extensive
observational material, has established that at mid-latitudes
the slab thickness parameter gives a measure of the exospheric
neutral temperature. In the equatorial region the electrody-
namic drift and appreciable horizontal plasma diffusion pre-
clude a direct derivation of exospheric neutral temperature
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Fig. 3.

Diurnal variation of slab thickness at Kodaikanal and other stations around 75°E longitude during the winter of

1966-1967.

from slab thickness. At locations where the dip angle is large
the vertical electron scale height approximates the plasma
scale height along a field tube, whereas at low latitudes these
values differ considerably. However, under suitable approxi-
mations if the slab thickness at a low-latitude station can be
related to the vertical electron scale height, a measure of
plasma temperature along a field tube mapping into F, height
can be obtained by converting the vertical scale height into the
field-aligned plasma scale height [Chandra and Goldberg, 1964,
Thomas et al., 1966].

To summarize, the latitudinal variation of TEC in the equa-
torial region shows features similar to those of the F, ioniza-
tion. The diurnal range, as defined by the ratio of maximum to
minimum values of TEC, is found to be highest around the
crest of the equatorial anomaly. A striking latitude gradient of
daytime slab thickness is obtained in the equatorial region, in-
dicating that the ionosphere is thick near the dip equator and
most skewed around the crest of the F, anomaly. The ob-
served features can be explained by considering electro-
dynamic drift and diffusion.

Acknowledgments. We wish to thank M, K. Vainu Bappu, Direc-
tor of the Indian Institute of Astrophysics in Kodaikanal, for his kind
interest. We are grateful to the referees for their helpful comments.
This research Lias been supported in part by the Air Force Cambridge
Research Laboratories under grant AFOSR-71-2142.

The Editor thanks K. Davies and M. Mendillo for their assistance in
evaluating this report.

REFERENCES

Appleton, E. V., Two anomalies in the ionosphere, Nature, 157, 691,
1946.

Balsley, B. B., and R. F, Woodman, On the control of the F-region
drift velocity by the £-region electric field: Experimental evidence, J.

_ Atmos. Terr, Phys., 31, 865, 1969.

Bandyopadhyay, P., Measurement of total electron content at Huan-
cayo, Peru, Planet. Space Sci., 18, 129, 1970.

Basu, 8., and A. Das Gupta, Latitude variation of total electron con-
tent in the equatorial region, J. Geophys. Res., 72, 5555, 1967.
Chandra, §., and R. A. Goldberg, Geomagnetic contrdl of diffusion in

the upper atmosphere, J. Geophys. Res., 69, 3187, 1964.

Das Gupta, A., and.S. Basu, Investigations on ionospheric electron
content in the equatorial region as obtained by orbiting beacon
satellites, Ann. Geophys., 29, 409, 1973,

de Mendonga, F., . J. Kantor, and B. R. Clemesha, Low-latitude
ionospheric electron content measurement during half a solar cycle,
Radio Sci., 4, 823, 1969.

Dunford, E., The relationship between the ionospheric equatorial
anomaly and the E-region current system, J. Atmos, Terr. Phys., 29,
1489, 1967,

Dunford, E., Electric fields and F-region electron densities over Peru,
J. Atmos. Terr. Phys., 32, 421, 1970.

Eccles, D., and J. W. King, A review of topside sounder studies of the
equatorial ionosphere, Proc. IEEE, 57, 1012, 1969.

Farley, D. T., Observations of the equatorial ionosphere using inco-
herent backscatter, in Electron Density Profiles in the lonosphere and
Exosphere, edited by J. Frihagen, p. 446, North-Holland, Amster-
dam, 1966.

Golton, E., and G. O. Walker, Observations of ionospheric electron
content across the equatorial anomaly at sunspot minimum, J. 4t-
mos. Terr. Phys., 33, 1, 1971.

Hanson, W. B., and R. J. Moffett, Ionization transport in the equa-
torial F region, J. Geophys. Res., 71, 5559, 1966.

Hopkins, H. D., Longitudinal variation of the equatorial anomaly,
Planet. Space Sci., 20, 2093, 1972.

Huang, C. M., A certain behavior of the ionospheric F, region at low
latitudes, Radio Sci., 9, 519, 1974.

Hunter, A. N_, Total electron content studies in equatorial regions,
Radio Sci., 5, 869, 1970.

Mabhajan, K. K., P. B. Rao, and S. S. Prasad, Incoherent backscatter
study of electron content and equivalent slab thickness, J. Geophys.
Res., 73, 2477, 1968.

Rama Rao, C., E. Bhagiratha Rao, and G. C. Subbaraju, Electron
content measurements at Hyderabad using beacon satellite trans-
missions, J. Atmos. Terr. Phys., 31, 1197, 1969.

Rastogi, R. G., and R. P. Sharma, lonospheric electron content at
Ahmedabad (near the crest of the equatorial anomaly) by using bea-
con satellite transmissions during half a solar cycle, Planet. Space
Sci., 19, 1505, 1971.

Ross, W. J., Measurement of the electron content at the magnetic
equator, J Geophys. Res., 71, 3671, 1966.

Rufenach, C. L., V. T. Nimit, and R. E. Leo, Faraday rotation mea-
surements of the electron content near the magnetic equator, J.
Geophys. Res., 73, 2459, 1968.

Rush, C. M., and A. D. Richmond, The relationship between the
structure of the equatorial anomaly and the strength of the
equatorial electrojet, J. Atmos. Terr. Phys., 35, 1171, 1973,

Skinner, N. J., Measurement of the total electron content near the
magnetic equator, Planet. Space Sci., 14, 1123, 1966,

Somayajulu, Y. V., T. R. Tyagi, and N. K. Negi, lonospheric electron
content in subtropical region, Indian J. Radio Space Phys., I, 62,
1972.

Thomas, J. O., M. J. Rycroft, L. Colin, and K. L. Chan, The topside
ionosphere, 2, Experimental results from the Alouette 1 satellite, in
Electron Density Profiles in the Ionosphere and Exosphere, edited by
J. Frihagen, p. 322, North-Holland, Amsterdam, 1966.

Titheridge, J. E., The slab thickness of the mid-latitude ionosphere,
Planet. Space Sci., 21, 1775, 1973,

Titheridge, J. E., Exospheric temperature and composition from
satellite beacon measurements, Planet. Space Sci., 22, 209, 1974.
Walker, G. O., and J. H. K. Ma, Influence of solar flux and the equa-
torial electrojet on the diurnal development of the latitude dis-
tribution of total electron content in the ‘equatorial anomaly,’ J. 41-

mos. Terr. Phys., 34, 1419, 1972.

(Received May 8, 1974;
accepted October 23, 1974.)



	00000001
	00000002
	00000003

