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In order to discuss the
location of atmospherics by the
direction finding technigue, it
would be better not to neglect
the earth's magnetic field in the
ionosphere. Suppose that the
ionosphere consists of two
regions which are characterised
by the QT- and QL-approximation,
respectively, and that radio
waves propagate through the
boundary between two regions.

In this paper an approximate
theory of refraction of waves
propagating to great distances

is presented assuming the flat
earth and ionosphere. As shown
in Fig. 1, each terrestrial wave-
guide is denoted as region I and
region II and a vertical electric
dipole source exist in region I.
Now, the waves from this source
are received in region II, mode
conversion at the boundary
between region I and region II
must be considered. Such a
problem may, however, be imaged
in the case of the propagation
from south to north in the
northern hemisphere.

Now, let suppose that no
reflected waves at the bounrary,
¥=0, and that both walls are
highly conducting, i.e. R4(c)=1
and Rj (¢c)=tl., Then electg
Hertz vector TI!? is represented
as follows;
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Fig. 1. Waveguide model and
refraction at the
boundary between
region I and region II.
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The ionosphere for which the QT-
approximation is applicable may
be regarded as the medium in
which no earth's magnetic field
is imposed and waves of higher
order modes rapidly attenuate
with the traversing distance in
comparison with the one of the
first order mode.

In the ionosphere charac-
terised by the QL-approximation
both ordinary and extraordinary
waves exist and these waves are
circularly polarised. So that
four Hertz vectors, 1oy, ™,
<2 and TIeY are considered.
Consequently two Hertz vectors,
T3 and TIf? must be supposed
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As magnetic Hertz vector TIi3 is
sufficiently small in comparison
with the electric Hertz vector
i3+ the magnetic Hertz vector
can be neglected for simplifica-
tion. And if the wave is
received at a great distance fron
the boundary, x=0, only the first
order mode remains in region II.
And Snell's law must hold at the
boundary, x=0. Therefore,
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in region II. For simplification,
waves transmit parpendicularly
into the ionosphere, approximate-

Consequently, the refraction
errors of the constant phases of

ly, and that the reflection
coefficients are independent of
azimuthal angle ¢ and that
wr/w>>1l and |none Y <<1.
Reflection coefficient ,R, and
vector potential in region I
can be represented as follws;
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radio waves propagating in day-
time and nighttime can be
estimated by the next equations,
respectively. In the case of

daytime, 7
C,a Jwi/y coSs /W,
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and in the case of nighttime,

Rel&nx 2 () tan (rad.).

Now, if the following quantity to
each parameter is assumeds

£=10 kHz, h=70 km, N=1x10° cm~?
v=5x10°% sec™!, B =0.4 Gauss,
then

Re(6)=1.8x10""“xtan¢ (rad.),

£=10 kHz, h=85 km, N=1x10* cm~?,
v=3x10°% sec~!, B =0.4 Gauss,
then

Re(s)n

Re (& )n

=0.0112xtan¢ (rad.),

or =0.665xtan¢ (deg.).
As is shown above, the refraction
error in daytime is vary small,
but the one in nighttime becomes
very great with increasing the
incident angle é¢. This
refraction error is very
important in the direction-
finding of atmospherics which -
Propagate over a few kilo meters.



