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Abstract — A propagation over high inductive structure of the field radiated by vertical dipole is
considered. A new stage of investigations of the problem of the wave propagation is associated with
a generation with a case of the inhomogeneous Earth on a depth. First works in this direction were
carried out by James Wait. Consideration of the inhomogeneous underlying surface on a depth
allows to reveal some regularities in the EM field behavior. It is shown that the surface
electromagnetic waves (SEW) were attenuated less than the “ground” ray. An analysis of the field of
radiation from the vertical dipole reveals the presence of a wave with the amplitude decaying with
the distance R approximately as 1/RY2, which corresponds to the SEW divergence. The absolute
values of the radiation attenuation function |W| are significantly greater than unity and reach |W|=2,
which also corresponds to the SEW. Experimental data on the SEW damping agree with the results
of numerical calculations of the electromagnetic field in the system under consideration.
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V.A. Fock’s formula
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a — Earth’s radius;
o=E /(H,Z,) — normalized surface impedance, Z,=120;
t, - roots of the border condition:

w'(t)-qw(t)=0,
w(t) — the Airy function defined by w “(t)-tw(t)=0.
t .- roots of w(t)=0 (gq—x),
t,. - roots of w'(t)=0 (g—0).

W, (X, Y, Q) = /zxe
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—n/2 <arg 6 <-n/3 - the area where dynamics of the roots is more complex
Cat 2 ) t" ~t + 2 + : t, =q° + totic formul
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The area of practicable impedances is: -90°%< arg 6 < 90°;
-90%< arg 6 < -459% - the area of high-inductive impedances;
-70.8%< arg 6 <-60° — the area of degeneration;
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The dynamics of roots t, for arg 6=—69°
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Impedance phases of the

degeneration:
arg 6=-70.8°
arg 6= -66.5°
arg 6= -64.8°
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f=10MHz |§|=0185, argé = -82,5",
= 15MHz |§|=U,291 , argd =-828".

=10, 15 MHz

m ice =4, 0=10"° S/m
4

A
7

salt water =87, o0=09 S/m

—

7 meters

frequency

22,2 kHz

50 kHz 0.002 -75,7°
164 kHz 0.005 -77,69
279 kHz 0.011 -71,30
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Modules of an attenuation function |W| (a) and field intensity E (b) at frequencies of
10 and 15 MHz. Solid curves are the results of calculations of the radio-wave path
over salt water (1) and ice—salt water structure (2); black squares are the
experimental data.
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E field intensity at frequency of 10 MHz (a) and 15 MHz (b) versus height.
Solid curves show the trend of the experimental data (points). Exponential
equations fitting the experimental data and the values of criterion validity

are shown on

the charts.
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Conclusions

A propagation of electromagnetic waves over real Earth’s surface is
considered. The layered structure of the surface sufficiently influences
the character of the electromagnetic field. It is important to take into
account this peculiarity in calculations of amplitude and phase of the
field. The experiments on propagation of electromagnetic waves in the
decameter range (10 and 15 MHz) excited by a vertical dipole above
the ice-coated surface of a salt lake over a distance of up to 1.2 km
reliably proved the existence of surface electromagnetic waves.
Experimental data on surface electromagnetic waves agree with the
results of numerical calculations of the electromagnetic field.






