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ABSTRACT

A waveguide model is proposed for the evening type ftransequatorial
propagation mode. Field aligned irregularities observed in equatorial io-
nosphere are assumed to form dielectric waveguides. A local Champan type
layer electron density distribution is taken inside the guide. The tran-
sequatorial wave propagation is treated by using this model and the pro-
pagation theory of dielectric waveguldes. The total attenuation is compu-
ted between two points located in opposite hemispheres. The analytic form
of the results permits easy interpretation of the propagation characteri-
sties. A good agreement is observed between the experimental results and
the theoretical calculations for the total attenuation. Comparisons have
also been dene for the propagation delay and the incoming elevation angle
at the reception point.

1. INTRODUCTION

Evening type Transequatorial Propagation (E-TEP) is a special propa-
gation mode occcuring mainly between magnetically conijugate points. It has
well distinguishable characteristics from the Afterncon type Transequato-
rial Propagation (A-TEP) phencmena occuring on the same south-north hemi-
sphere circuits. The main difference between these two propagation modes
is that E-TEP takes place in exceedingly higher frequencies. As indicated
from their naming, E-TEP and A-TEF occur in different daily hours. Fur-
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thermore they have entirely different behavior as already discussed in
detail by Nielson! and Cracknell et al.?.

Several theoretical models have been proposed in the past to describe
the propagation mechanism in TEP circults. Initially a double refraction
scheme from the ionospheric crests have been proposeda. Although this mo-
del explains quite satisfactorily the A-TEP phenomena, fails te predict
the E-TEP basic characteristics!. Based on measurements of elevation
angles and group delays on a circuit between Okinawa {Japan) and Darwin
{Australia) a waveguide model has been suggested for the E-TEPY. The gui-
ding of high frequency waves through field aligned irregularities has
been examined theoretically by Nielson® and this theory has been extended
by using numerical techniques *to explain TEF phenomena by Heron et al,$
Recently a whispering gallery mode has also been considered to describe
TEF?. In the meantime the data gathered for the fine structure of iono-
sphere has shewn that there are elongated irregularities aligned with the
geomagnetic field limes in the equatorial ionospherea. These are tubular
shape depletion regions inside the equatorial ionosphere extending on
both sides of magnetic equator at lesast from 5° to 10° (magnetic dip?.

In this paper a dielectric waveguide model is proposed and is employ-
ed to analyse the E~TEP characteristics. In this analysis the propagation
theory of dielectric waveguides is used extensively. Closed form analyti-
cal results are derived for the transmitted field strength. The numerical
results cbtained by applying this theory are compared with experimental
results to verify the proposed theoretical model.

In fig. la the geometry of the proposed icnospheric duct is given. In
the same figure a characteristic electron density distribution profile is
alse shown {(Fig. 1b). Because of the Very High Frequencies (VHF) intere-
sted in this paper the electromagnetic characteristics of the iconosphere
can be described with a scalar dielectric constant € = nz, where n is
the corresponding refractive index. It is well known that,
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where N(cm_s) is the electron density and f(kHz} is the radiation freque-
ney.

The lonospheric duct is taken of circular ¢ross section and its axis
is assumed to be parallel to the magnetic field lines as illustrated in
fig. la. In order to describe the propagation through the ionospheric
duct the conventional polar eylindrical coordinates p,p,z are introduced.
In treating the waveguiding inside the ionospheric duct the curvature of
the propagation axis is neglected and is taken to be a straight line. A
widely used established theoretical model for the electron density profi-
les in ionosphere is the Chapman distribution®. In this paper also a si-
milar distribution is adopted. According to the observations given in
ref. 8 the electron density distribution inside the duct region is taken
to be,

2
Mp) = No)(1-(5)7) (2)
where p=a is an equivalent radius of the irregularity region. Of course

eq. (2} is valid only in the vicinity of the ionospheric duct and for
pr»a the conventional electron density profiles holds.




































