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A study of the ratio ~y of the absorption coefficients (X). ngen by the Sen-Wyller (S-W) generalized theory
and the Appleton-Hartree (A-H) classical theory has been made for the D-region for various working fre-
quencies. An empirical relation for v has been proposed as a function of height and working frequency, which
would help one to compute the generalized absorption coeflicients, simply multiplying the values of X calculated

from the A-H theory by .

It has been found that y varies nearly from 1 to 2.5 in the height range of 70-85

km and remains 25 for heights above 85 km. The total non-deviative absorptions at various working freqlleneies

have also been computcd graphically,

1. Introduction

IN THE derivation of the Appleton-Hartree
(A-H) magnetoionic dispersion equation for the
study of radio wave propagation in the ionosphere,
~ the collision of electrons with the heavy particles
was introduced through a frictional constant term v
independent of the velocity of the electrons. Sen
and Wyller generalized the A-H magnetoionic
formula taking into consideration the collision
frequency of the electron with heavy particles as
a function of electron velocities, viz. v==vmf (V).
It was concluded in their work that for the
extreme limits v € (0 + og) and v > (o + wg) the
A-H formula can be retained provided the effec-
tive collision frequency term is taken as §v, and 3Zvn
respectively. None of these extreme limits is valid
in the D-region of the ionosphere. So, for precise
work in this region the exact Sen-Wyller (S-W)
generalized formula for the absorption coefficient
should be used. In the present paper, a study of
the multiplying factor (y) which would enable one

to obtain generalized absorption coefficient from the .

classical A-H absorption coefficient, has been made.
A study of the. variation of the ratio (y) of the
absorption coefficients calculated from the two
theories as a function of true height and working
frequency has been made and thereby an attempt
has been made to obtain an empirical relation for
this ratio or the multiplying factor as it may be
called.

The height dlstrlbutlon of the electron density in
the D-region of the ionosphere has been taken as
Chapman distribution. This is shown in Fig. 1. The
collision frequency profile used is also shown in
Fig. 1. All the calculations have been made for
vertically incident ordinary wave component, for

overhead sun position (X = 0) and the geomagnetic
conditions appropriate to Udaipur (gyrofrequency

fa = 1°17 MHz and dip angle 33° 20'). Longitudi- =

nal propagation in the D:region has been assumed.
Graphical method has been used for the computatnon
of total absorption in the D-region.

2. Theoretical Considerations

The absorption coefficient K4z is derived from
the well-known dispersion expression of Appleton!
for the ordinary wave :
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Fig. 1—Model Chapman D-Layer (N-A profile); and
collision frequency profile (vy, vs B)
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Fig. 2 — Variation of multiplying factor with height

where the symbols used are those as recommended
by URSIL. Assuming non-deviative absorption, co-
efficient K,y for longitudinal propagation may be
given by

2
K — e Nv (Nepcrs)

2cmey (0 + og)* + ¥ m

(1)

which reduces to

Kag = 4605 x 104

Ny  dB
(@ + og)? + ¥ (W\)
(2)
where in Eqs. (1) and (2) N is the electron number
density per cm3.
Sen and Wyller? obtained a generalized expression
for the complex refractive index. For the ordinary

wave component and for longitudinal propagation it
is given as follows :
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where wy is the angular plasma frequency.
The non-deviative absorption coefficient in this

case is given by

Koy = 1152 X 10°. 20 Cyg (_‘i’_t_‘_"ﬂ.)
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where &V is the electron number density per cm3, v,
is the collision frequency of mono-energetic electrons

and Cg, (B—i——'l)ﬂ)Jis the C-script in integral of
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integral for different arguments are tabulated by

Dingle e? al 3.

- The multiplying factor v may be defined as
Ksw.
Kax
or, Ksw = v Kan e (4)

The value of y in Eq. (4) has been calculated
using Eqs. (2) and (3) for different frequencies, viz.
2, 25, 3 and 3'5 MHz in the height range 70-95 km.
The frictional term v of the A-H equation has
been taken equal to vn,. The variation of y with
height for different frequencies is shown in Fig. 2.
It may be seen that the value of v, for all the frequ-
encies, increases nearly from 1 to 2'5 and it becomes
constant at about 85 km and above. The variation
of v thus nearly resembles the charging phenomenon
of a condenser in which the value of the charge on
the plates first increases and then becomes constant
after a certain time. Hence v should have the form
somewhat similar to the relation for the charging of a
condenser. The authors made an attempt to obtain
an empirical relation for vy, whereby one would be
able to calculate Ksw directly from K 4w values. The
calculation of Ksw by Eq. (3) requires the value
of C-script integral for various arguments and is a
laborious one. The final form of the empirical
relation for vy as obtained by the authors, which
fitted the curve (Fig. 2), may be represented by

% = 25 [0-97 — exp {-—0.11 (h — 65) }]

— 005 (76'5 — h) (5
where a = 011 (f—2) 4 1
= true height in km
and f = working frequency in MHz.

The proposed empirical relation {Eq. (5)] has been
tested for a number of working frequencies between
2 and 3'5 MHz and has been found satisfactory for
the height range 70<<A<<85 km in which most of the
D-region absorption takes place. Fig. (2) further
suggests that the maximum value of v would be 2°5.
The values of Kgw as calculated from the empirical
relation for v [Eq. (5)] and the value of K4g [Eq. (2)],
and that obtained by expression [Eq. (3)], do not
differ much as may be seen from Fig. 3 (A, B, C
and D).

the argument ( ) The values of C-script

3. Discussion

Values of Kgw are calculated using Eq. (2) for
K,z and empirical formula in Eq. (5) for y for dif-
ferent frequencies. These are shown in Figs. 3(A)-(D).
The values of Kgw as obtained from the actual gen-
eralized formula [Eq. (3)] are also shown for com-
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Fig. 3 — Variation of absorption coefficient with height for various frequencies

parison. The two values of Ksw are in good
agreement.

X : 1]
The total absorptions for the D-region[2 | Kswdh]
[

for the N-k and v,k profiles, shown in Fig. 1
have been calculated graphically for the two
sets of values of Ksgw, one given by actual
formula in Eq. (3) and other using the empirical
relation in Eq. (5) and K,y values [Eq. (2)]. The
values of total absorption at different frequencies are
shown in Table 1. Tt may be seen from cols. 3 and
4 of Table 1 that there is no appreciable difference
between the total absorption value (i) computed
from Sen-Wyller theory and (ii) that calculated using
empirical relation for y and K g values,

In order to study the nature of the frequency
dependence of the total non-deviative D-region
absorption, as obtained by A-H and S-W theories, a
graph has been plotted between the total non-devia-

- tive D-region absorption and ( f + fg) on a log-log

scale as shown in Fig. 4. The slope of the line in the
case of S-W is 177 whereas it is 2 in the case of A-H,
suggesting inverse square relationship as predicted
by most of the theoretical workers. It may be mention-
ed here that the experimental value of the exponent

m in the relationship, La‘m at low latitudes

has been reported®® to lie between 1'5 and 18 which
agrees well with that of Sen-Wyller’s case. Also, the -
experimental value of m as obtained at Udaipur is 1'7

T
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Table 1 — D-Region Total Abso;ption

'-cation).

Working Non-deviative total absorption
frequency dB
MHz From From Computed
A-H Theory  S-W Theory  using empi-
rical relation
for y and
K41 values
1 2 3 4
2 728 14:94 14°86
25 534 12°12 12:074
3 415 936 9'53
35 332 . 7°50 770
30
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Fig. 4 — Frequency variation of total absorption in

D-layer (log-log scale)

(Jain, S.L., unpublished work, personal communi-

4. Conclusions

The following conclusions, as established above,
are worthy of mentioning.

(i) The empirical relation in Eq. (5) is suitable
as the multiplying factor which would enable one to
calculate the generalized absorption coefficient from
the classical A-H one.

(i) The multiplying factor varies from nearly

I to 2'5 in the height range 70<<A<85 km and after-
wards it remains very nearly 2'5.

(iii) The frequency index m comes out to be
1'77 instead of 2 when generalized theory is used,
which value agree well with the experimental results.
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