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A detailed investigation on the diurnal variation of ionospheric absorption over Calcutta at various frequencies (over Calcutta) shows that the absorption fits better with the relation Loccosnx rather than with L=A+Bcos x, with
the n values lying between 0.9 to 1.9 for different frequencies and seasons. The
frequency dependence of the exponent n depends critically on the relative
amount of the deviative and non-deviative losses.
The diurnal variation of absorption also shows some asymmetry between
the forenoon and afternoon values, the index n for the forenoon values being
always greater than the afternoon values. The possibility of geomagnetic
control over at least a part of the absorbing region has been invoked.
1.

Introduction

It is well known that all regular ionospheric layers (such as E and F1)
follow rather faithfully the Chapman relationship of electron density and height
variations with the solar zenith-angle x. The radio wave absorption, which is
essentially a product of N, the electron density and v, the collision frequency,
is expected to obey (cos x)1.5law in a Chapman layer, because Nmoc (cos x)0.5and
voccos x. The dependence of v on x follows from the fact that the height varies
in a Chapman layer as in (sec x), whereas to a first approximation, v decreases
exponentially with height.
The departure of the D-region absorption from this 1.5 law is now quite
established and various suggestions have been made for this non-Chapman behaviour of the D-region. The explanation for this deviation from the theoretical
value is usually sought by removing the idealized restraints used in the theory.
Thus NICOLET(1951) has shown that low values of n can be explained by introducing a scale-height gradient with height. He has also considered the variation of the recombination coefficient cie with temperature and shown that the
n value may be expected to be between 0.78 and 0.97 for an assumed scaleheight gradient between 0.3 and 0.1. Similarly APPLETONand PIGGOTT(1954)
have attributed the low values of n to the variation of the recombination coef
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ficient (cie)with height and MITRAand JAIN(1963) have shown that depending
on (a8,h) profile, the n values in the range of 0.5-1.5 can be obtained. APPLETON
and PIGGOTT (1954) have furtherpointed that the low values of n can be attributed to the possibility that the variation in the collision frequency resulting
from the diurnal variation of the layer may not exactly follow a cos x law.
SKINNER and WRIGHT (1956) have
given a different explanation for the low
experimental values of n. They have suggested that absorption occurs in the
regions where the condition w+WL>v is violated. In that case, the exponent
depends critically on ww and for higher v values, the n values are much smaller
(JAEGER, 1947). They have pointed out, in support of their argument, that the
frequency variation of absorption clearly indicates the contribution from the
regions, where the condition W+WL>v is definitely not valid.
BEYNON and DAVIES (1955) attempted
to explain the discrepancy by making the D-region contribution to the total absorption independent of the solar
zenith-angle. They have expressed the total absorption L as
L=A+B.F(LE)cosx

(1)

where A and B are constants, F is a function of (f0E/f) and the other symbols
have their usual meaning. Obviously, the above expression implies that only
the deviative contribution (i.e., the second term on the right-hand side) is solarcontrolled. This explanation gains support from the work of FEJERand VICE
(1959) who have shown by full-wave calculations in a model ionosphere that
most of the absorption is deviative. BIBLet al. (1962, 1965), who have separated the D and E region contributions by the now famous spider web technique, have, however, obtained a clear solar control over the D-region contribution, in direct opposition to the implication in Eq. (1) that the D-region contribution is not solar controlled. Moreover, RAMANAMURTHY (1963) has shown
that expression (1) does not hold for low latitudes.
The lower values of the index n at higher latitudes are sometimes explained
by the increasing role of particles at higher latitudes in the D-region ionization.
The presence of a D-layer (or C-layer), as suggested by CHAPMAN and DAVIEs
(1958), which is produced by the photo-detachment of the negative ions formed
by cosmic ray primaries and which shows little variation with the zenith angle,
might give a smaller value for the index n than the theoretical value of 1.5.
Though this ionization, as has been shown by MoLER(1960) and confirmed
by various workers experiences very little diurnal variation, recent cross-modulation experiments (THRANE et al., 1968) showssignificant diurnal variation in
the D-or C-layer,which cannot be accounted for by the photo-detachment theory
alone and associative detachment (FEHSENFELD et al., 1967) isnow believed to
be a faster process than the photo-detachment of various negative ions.
The intention of this communication is mainly to present the results ob-
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tamed through analysing the diurnal variation of absorption data collected over
Calcutta (Geogr. lat. 2258N,
long. 8834E;
Geomag, lat. 1215N,
long.
15858E) by the authors during 1966-68. The collection of data has been made
more or less regularly covering the frequencies 2.2, 2.7, 3.1, 3.5, 3.9, 4.2, 4
.7,
5.5 and occasionally on 1.7 and 6.5 MHz, using the automatic absorption recorder (GANGULY,1970). The data have been scaled usually at the intervals of
30 minutes and occasionally at 15 minute intervals; the night-time data being
used for calibration.
2.

Data Analysis and Results

On most of the days, the diurnal variation of absorption L fits the relation
Loccosn x well. Attempts to fit the diurnal data to the C. R. P. L. formula L
A+B cos x, often give negative values of A. Further, when the same data are
used for deriving both n and A values, a good negative correlation is observed
between the n and A values and it is indicative of the fact that the negative
values of A obtained are due to the forced fitting of the data to the formula L=
A+B cos x. This suggests that the relation L cccos x is more appropriate at this
latitude of Calcutta (2258N), indicating the ineffectiveness of the photo-detachment (or associative detachment) process.
The index n has been derived for a large number of days (see Fig. 1). While
drawing the regression lines higher weight has been given to the data points
when the deviative contributions are least. For example, in the case of 27
December, 1967, the 2.2 MHz data points are contaminated by deviated losses
in a low cos x period (because of the proximity of 2.2 MHz to f0E in early morn-

Fig. 1. Diurnal variation of absorption over Calcutta during December, 1966 to December, 1967 for different frequencies.
The dot (o) indicates the forenoon and the cross
(x) indicates the afternoon values.
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ing and late post-noon periods). More weight has been given to the points near
noon and also to the points which do not deviate widely from the general trend
of distribution.
It is observed that for most of the days the diurnal variation could be represented by different values of n, for the forenoon and the afternoon periodshenceforth designated asnA. M. and
respectively. The histograms of different n values are shown in Fig. 2 and the mean, median and most probable

Fig. 2. Histogram of the diurnal absorption indices nA.M. and nP. M. for the frequency of
2.7 MHz grouped seasonwise over Calcutta during 1966-68, (white portion for nA.M.
and dashed portion for fp, M.).
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values of the indices n for 2.7 and 2.2 MHz are shown in Tables 1 and 2, respectively. The mean values for other frequencies are shown in Table 3.
3.

Discussion

3.1

Variation of the diurnal index n with frequency, geographic latitude and
geomagnetic latitude
It is evident from Table 3, that the n values vary with the frequency, being
maximum when the working frequency approaches the noontime f0E (i. e., 3.8
MHz over Calcutta). A similar result is obtained when the large body of n
values published by different workers (shown in Table 4) are plotted against the
frequency. In Fig. 3, the n values for all seasons for the low and mid-latitude
stations (i. e., between 15-35N)
have been plotted against the frequency. The
average f0E from the solar minima to solar maxima is around 4 MHz for an
overhead sun within this latitude range. Thus the high n value occurring near
the noontime f0E (as is evident from Table 3 and also from Fig. 3), is due to
the increased deviative contribution during noontime when the working frequency approaches the f0E.
A seasonal and geographical variation of n is also evident from Table 4.
The seasonal variation of n is similar in nature for all stations with highest n
values occurring in summer and lowest in winter, except possibly at Ibadan.
The variation of the n values for all seasons with the geographic and geomagnetic latitudes is delineated in Fig. 4(a) and (b). For this, the frequency
range 2.0-2.6 MHz has only been utilised. It is obvious that the n values sharply fall off wiih increasing latitude both geographic and geomagnetic. So far as
the variation of n values with geographic latitude is concerned, it is seen that
the higher values of n spread over the latitude range from 150 to 35N (covering the range of variation of the position of the Sq-current focus), suggesting
the possible control of the Sq-current on the ionospheric absorption. Had the
solar radiations alone been the guiding factors for diurnal variation of absorption, higher values of n would have occurred at the equator because of the
radically different optical penetration depths of solar X-rays and UV radiations
-X-ray contribution to the total ionization increasing towards the equator.
The diurnal variation of the X-ray-controlled
ionization being larger than
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Fig. 3. n vs. probing frequency over the range of geographic latitude
from 15 to 35N for all seasons. Every point represents the n value
for a particular station and frequency. The vertical bars denote the
spreads in n whenever it is reported by some worker. The point
with the horizontal bar denotes the average n value for a particular
frequency range. foE denotes the average critical frequency of the
E-region from solar minima to solar maxima.
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(b)

(a)

Fig. 4. O1, geographic (a) and Om, geomagnetic (b) latitudinal control over
the diurnal index n plotted together for all seasons for the frequency
range 2.0-2.6 MHz. (The points and bars carry the same meanings described in Fig. 3 caption).

that of UV, we expect the n value to be larger when the X-ray contribution to
the total ionization is significant. This is particularly so for the low latitude
stations (GANGULY, 1970a).
In higher latitudes, on the other hand, the UV radiations dominate the
total ionization budget and hence smaller n results.
The curve in Fig. 4(a), however, shows considerable departure from what
is expected from the above consideration alone. The significant elevation inn
around the latitudes corresponding to the range of variation of Sq-current focus,
is similar in nature to the variation of the index n (in the relation (f0E)noc
cos x) found for the E-region by BEYNONand BROWN(1959). This dependence
of n on latitudes has been attributed by them to be due to the geomagnetic
perturbation in the E-region. Thus, following the logic of Beynon and Brown,
a geomagnetic control over at least a part of the absorbing region could be
suggested.
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3.2

Disparity between nA.M.and nP.M.
The results of Table 3, further indicate that nA.M.>nP.M.for each frequency
used. As the probing frequency approaches the critical frequency f0E of the Eregion, the percentage deviative loss is known to increase. Above f0E, the socalled deviative loss increases further, being highest for a frequency around 5
MHz; this time it is mainly from regions between the E-and F1-layers (GANGULY,
1971). The disparity between nA.M.and nP.M.is also seen to increase with frequency in a similar way, suggesting that the disparity increases with the percentage
deviative loss.
In order to investigate further the disparity between nA.M. and nP.M., correlation has been sought with solar and geomagnetic activities. For this, 2.7
MHz absorption data (which are regularly collected over a long period) have
been used. Since the 10.7 cm solar radio wave flux (W107) and
Kp, do show
a positive correlation, partial correlations have also been determined after eliminating the correlation between the solar and geomagnetic activities. The total
and partial correlation coefficients thus determined are shown in Table 5, and
the linear regression equations for nA.M. values with W10.7(at 90% level of significance) are
nA.M
.=1.83-0.0035XW10.7(Summer)
nA.M,=1.45-0.0023XW10.7(Winter)

(2)

No significant regression could be fitted for the nP .M, values because of the poor
correlation with W07.
The significant contribution
of the region between the E-and
Fl-layers to
the disparity between nA.M.and nP.M. values and the negative dependence of n on
the solar activity are suggestive of a possible Sq-current control on the absorption, region in between the E-and
Fl-layers being the seat of the Sq-current
Table 5. Correlation coefficients (R's) of the diurnal indices, nA.M, and np. M, at the
frequency of 2.7 MHz with solar 10.7 cm flux and sum of Kp indices (cf. Table 1).

* The bracketed

values

are significant

levels .
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system which is known to have a very good correlation with the solar activity.
The low frequency observations of WATTS (1958) and BENNER (1950), at latitudes above Sq-current focus, which show that nAM.<nP. M.,are also suggestive
of the influence of the Sq-current system on the Al absorption.
A geomagnetic control on the Al absorption was also suggested by BENROvA
and FLIGEL (1960) and GNANALINGAM (1969). The results shown in Fig. 4(a)
and (b) are also indicative of a similar control over at least a part of the absorbing region.
For latitudes below the Sq-current focus i. e., about 30, the increase in
Sq-current would result in an increase of the drift velocity in such a manner as
to elevate the reflecting E-region (BEYNON,1959) to the levels of lower collision
frequencies during forenoon period and consequently with lesser percentage of
deviative absorption. Such a mechanism would depress the forenoon absorption
(with a maximum depression at about 10 to 11 A. M. when the Sq-current is at
its peak value), but the noontime absorption would have much greater value
because of the waning phase of the Sq-current after 10 to 11 A. M. and thus
making the value of the diurnal index nA.M.much greater than the expected.
During afternoon period, the Sq-current has very little effect on the absorbing
region because of its diminishing low value and the diurnal index nP.MM
would
be very close to the true diurnal index in the absence of any Sq-current control
on the Al absorption and with the consequence that nAM.>nP. M.
4.

Conclusion

A detailed investigation on the diurnal variation of absorption measured at
various frequencies indicates;
1) The diurnal absorption values have shown a better fit to the relation
L occos x, rather than with L=A+Bcos
x. This has been attributed to the
absence of or the ineffectiveness of any C-layer at this low latitude of Calcutta.
2) The exponent n describing the diurnal variation of absorption has been
found to vary with operating frequency and with season. The variation of n
with frequency shows that the values of n depends critically on the relative
amount of the deviative and non-deviative losses.
3) The forenoon values of n have been found to be in general greater than
the post-noon values. The forenoon values of n are also found to have negative
correlation with solar activity.
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