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1. Introduction

urface electromagnetic waves (SEMW) started ex-

ploring Sommerfeld and his disciples ""*. Installed

set many properties SEMW. Open regions of the
Earth's surface, where possible SEMW ). However, one
question remains open. Why the existence of possible
SEMW do not depend on frequency? Addressing this is-
sue is the subject of this article.

2. Waveguide Channel for SEMW

Waveguide created artificially, consists of a well-con-
structed walls. In fact, the walls are metal ', Electro-
magnetic (EM) waves between the walls form a standing
wave, this allows them to virtually lossless distributed
over the whole length of the waveguide. In nature there
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Earth's the surface is often strongly inductive, consisting of a dielectric
layer thickness endpoint, lying on an unlimited conductor basis. Electro-
magnetic wave, spreading along the surface, it appears captured dielectric
layer, spreading it as in the waveguide channel. Waveguide theory it is
known that the spread in the waveguide can only electromagnetic waves
with a discrete set of frequencies. And experience shows that the captured
waveguide channel electromagnetic waves can be any frequency. The
article found that this behavior is due to the fact that electromagnetic
waves in free space border - dielectric layer damped height in several
wavelengths. Thus the thickness of the dielectric layer becomes more
effectively, and this leads to a reduction of the minimum frequency of
the waveguide. A discrete set of frequencies is blurred so that cover each
other. Thus, a discrete set of frequencies becomes solid, and captured
waveguide channel electromagnetic waves are independent of frequency.

are also waveguide, different channels, such as wave-
guides, implemented by the different density and salinity
layers of water in the seas and oceans """, Sound like
acoustic oscillations are distributed between two layers of
water, when almost no. This allows them to spread very
far, which is important for submersibles and other techni-
cal devices.

For the EM waves in nature there are also waveguide
channels. The fact of the matter is that most of media are
often either dielectric in which EM waves travel freely
without loss, as in free space. Either conductivity, from
where EM waves bounce, as the light from the mirror, and
practically do not penetrate the conductivity. Earth media
can simultaneously possess and dielectric properties, and
conductivity. They can be called semi conductivity (not to
be confused with semiconductors!). It turns out this classi-
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fication on dielectrics and limited substantially depends on
the frequency of EM waves. At low frequencies the Earth
media mostly conductivity (or inductive), and on high -
dielectric (or capacitive). At intermediate frequencies of
the Earth media is a semi conductivity "'\

The Earth media near the surface can often take com-
posed of homogeneous layers. Each layer is either limited
or dielectric, or conductivity. And these properties change
with frequency change EM. Many of the Earth's land sur-
face have a peculiar structure. At certain frequencies, the
first, the topmost layer of a certain thickness turns dielec-
tric. Following the second layer, which is the first layer, it
turns out conductivity. Then they say that the Earth media
is double layered. This two-layer waveguide turns media
channel for EM waves that allows EM the waves propa-
gate along the Earth's surface over long distances. Such
EM waves received a special name - surface electromag-
netic waves.

SEMW spreading freely in the dielectric layer, are cap-
tured in this layer quickly when in a conductivity basis
and more slowly in free space. Border top and bottom lay-
ers are the walls of the cavity, thus filtering out everything
except the frequency of resonance. Only in such resonant
frequencies SEMW captured dielectric layer and, there-
fore, freely available at far distances in this layer. Howev-
er, the border above between the dielectric layer and free
space is not sharply defined. SEMW, loose in a dielectric
layer, though damped in free space, but rather slowly, pen-
etrating into the air. This allows you to measure SEMW
above the Earth's surface, and use them to solve a variety
of technical tasks. Due to the finite attenuation in free
space, the resonance frequency is not strictly defined and
blurred. This blurring is proving so large that live up to the
following resonance frequency. Thus, the existence of the
two-ply SEMW surfaces it is possible at all frequencies.
Speaking differently, spreading SEMW along the Earth's
surface over long distances is not dependent on frequency
EM fields.

3. Attenuation Length SEMW in Free Space

As above said SEMW may extend only if the underlying
media consists of a dielectric layer thickness h lying on
the long-term basis. When the impedance has the follow-
ing form:

5=R65—i|lm5|’with |Im6|>Re§_ (1)
Media with the same impedance are called strongly in-
ductive.

The introduction of the impedance is useful at least of
what this value is directly measurable. To take one exam-
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ple.

On one of the salt lakes of Southern Siberia at
a frequency of 10 MHz have been measured valid
Red =0.063 and imaginary Im¢o =—0.139 part of the
impedance ©’. Hence the module |5 | =0.185 anq phase
Ps = -82.5" impedance. See that the ratio of (1) really
run. When this |0 noticeably smaller units that anticipat-
ed with the introduction of the impedance.

For the only nonzero a vertical axis z components of
the vector potential in free space have '*":

K
A, (R,z)= —Oexp(—ia)t +ikyN1-57R - ikoz)
JR 2)

Here R is the radial coordinate on the Earth's surface.
Next, consider that the & <1 .

Consider how changes in free space with SEMW height
above the Earth's surface. To do this, we can rewrite the
formula (2)

K, .
A, (Z)=—"=exp(-ik,5.)

JR 3)
Substitute 0 = Red — i|Im5 | Then

A,(2)= &exp(—iko Re§z)exp(—k0 |Im5|z)

JR )

As expected, the wave with height decreases. Up
SEMW could spread only on the height of

go_ 1
ko |Irn o | , (5)
or, order of magnitude,
-t
o (6)

In here 4, is the length of the waves in free space.

If 0=0.1, then H ~ 104,. I.e. SEMW exist on the
Earth's surface at an altitude not more than an order
of magnitude longer wavelength 4,. For example EM,
it is 100 Mhz frequency wave has a wavelength 3 m.
SEMW with such frequency is removed from the surface
no more than 30 m. SEMW literally dances along the
Earth's surface. Therefore it is called SEMW. Of course,
this is not a wave SEMW exists only above the Earth's
surface. She simultaneously exist in free space and in
underlying media.

4. SEMW Propagator Frequency

SEMW distribution occurs in dielectric layer thickness /
height, and unlimited in two horizontal directions. Fourier
image vector potential in this layer is described by the ex-
pression ;
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A, =Dexp(z)+Eexp(—z) %)

L[ 2 2 2 2
In here 4 =ik — % 4 = kk, /\/kl +k,
SEMW differ from other waves that outside of the dielec-
tric layer it exponentially, i.e. quite quickly fades. You can

take that at the borders z=0 and z=-/ Fourier image vector
potential becomes zero. Thus, we believe that

A4,(z=0)=0,4,(z=-h)=0 (8)

Then from (6) that £=-D, and

c:os(ih/lcl2 -7 ) =0

To satisfy the last equality, should be

)

h kf—;/zgmn n=0,12,..

(10)

It can be shown that use of magnetic field instead of
vector potential for boundary conditions will not change
ratio (10).

It is convenient to deal with such frequency that the ra-
tio gywp, <K 1, when this k, < k,. Next, use a known ratio
k*=aw'e |k, =w\Ji] &0p, / ¢ | where is g, - di-
electric permittivity of vacuum, ¢, - dielectric permittivity

of the dielectric layer, p, - resistivity of conductive base.
Then (10) takes the form

k’h x
——=—+7n
ky 2 (11)
Highlighting the real part (imaginary part frequency
has no physical meaning), we get

Qg]h M:Z+ﬂn
c N 2 2

(12)
Hence for frequency find
23
1] 1 (c(+2n)
/s T | 2¢ Yo, g h
0l2 1 (13)

We got a range of frequencies, which should happen
SEMW distribution. The lowest frequency is two values
n=0 and n=-1. This difference channel waveguide double
layered media from the ordinary waveguide, whose lowest
frequency corresponds to one value of a number 7. For all
other values of numbers 7 resonance frequency is increas-
ing. However, it is known that measurements of SEMW
exist at all frequencies. Let's try to explain this puzzle.
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5. Justification Iindependence SEMW from
Frequency

In conductivity EM wave fairly quickly fades. It is there-
fore possible to accept that the boundary between the di-
electric layer and conductivity basis is strong as a mirror to
the world. The boundary between a dielectric layer and free
space more blurred. Wave in free space at a distance of only
fades in multiple wavelengths 1,. For definiteness, we as-
sume that the attenuation length A equal 10 wavelengths, i.e.
H=104,. Therefore resonance cavity wavelength has a width
not A, and H+h. For a typical wavelength with metal walls
increase the size reduces the resonant frequency at which
wavelength freely ignores EM wave. The same pattern will
for our two-layer media, lying on conductivity basis. New
resonance frequency, as it is easy to see, will always meet
the approximation ,wp, 1.

Let's take for example. For the Arctic Ocean can take
&e=4 (dielectric permittivity of ice), p=20 m (resistivity of
salty ocean water), 7/=2 m (thickness of pack ice). Under
these conditions, f;=25.2 MHz. At a frequency of f, the
wavelength is 12 m. Means height wave fade away in the
distance 120 m. You can say that the effective thickness of
the resonator will 120 + 2 = 122 m. Will meet the lowest
resonance frequency f,=1.6 MHz. Because for us the fol-
lowing resonance frequency f,=3.4 MHz, the difference
fo - f; = 1.8 MHz. And this difference is greater than f,.
That is, it covers the entire frequency range from 0 to
fy, and so far extends to the next frequency f;. The result
means that in fact our two-ply media skips waves with all
frequencies from 0 to 2f,. And so it will be for all reso-
nance frequencies. All these intervals frequencies overlap
with each other. Means the existence of SEMW perhaps
at all achievable technically frequencies to media was
strongly inductive.

Let's look at another example. For the area of perma-
frost areas is aware that =5, p=5000m, #=500m "/, Next,
we find the first f, =1.6 MHz. This frequency wavelength
is responsible A,=187m. Where the effective height of the
resonant cavity H+h=500+1870=2370m. From this height
the lowest resonance frequency will f;=1.6 kI'rt. So, in this
region to use distant radio you should use EM waves at
frequencies of 1.6 kHz and above.

6. Conclusion

Examples of clear frequencies should use EM waves
for the region with highly inductive impedance. Such
waves can be used to establish long-distance radio
communication, over-the-horizon radar and other tech-
nical tasks.

DOL: https://doi.org/10.30564/jees.v1i1.488 31



Journal of Environmental & Earth Sciences | Volume 01 | Issue 01 | April 2019

Acknowledgments

Article prepared for the budget draft Laboratory Elec-
tromagnetic Diagnostics Institute of Physical Materials
Science of the Siberian Branch RAS budget project “Radio
wave propagation in inhomogeneous impedance chan-
nels”.

References

[1] Sommerfeld A. // Math. Ann., 1896, 317.

[2] Makarov G.I., Novikov V.V. and Rybachek S.T.,
Propagation of Electromagnetic Waves above the
Surface of the Earth, 1991.

[3] Feynberg E.L., Propagation Radio Waves along
Earth's Surface, 1999.

[4] Wait J.R. Electromagnetic waves in stratified media.
1962.

[5] Kotov L.N., Kuraev A.A. and Tikhomirov N.P., Basic
theory of Propagation Radio Waves over the Earth's
Surface, 2004.

[6] Kuraev A.A., Popkova T.L. and Sinitsyn A.K. Elec-
trodynamics and radiowave propagation, 2004.

[7] Tsydypov Sh.Ts., Tsydenov Sh.Ts. and Bashkyev
Yu.B. Study on the electrical properties of the un-
derlying media, 1979.

[8] Bashkuev Yu. B., Khaptanov V. B. and Dembelov M.

32 Distributed under creative commons license 4.0

G. // Tech. Phys. Lett. 2010, 36: 136.

[9] Bashkuev Yu. B., Dembelov M. G., Khaptanov and
Mel’shinov V.P. Journal der Radioelectronic. Elec-
tronics Journal, 2018, 11.

Access mode: http://jre.cplire.ru/jre/nov18/5/text.pdf,
DOI: 10.30898/1684-1719.2018.11.5

[10] Feynman Lectures on Physics. Mainly electromag-
netism and matter, 1964, 2.

[11] Brekhovskikh L.M., Godin O.A., Acoustics of Lay-
ered Media 1: Plane and Quasy-Plane Waver , 1998,
2.

[12]. Balkhanov V.K and Bashkuev Yu.B., Basic Theory
of the Surface Impedance Method, 2005.

[13] Balkhanov V.K. and Bashkuev Yu.B., Global Journal
of Science Frontier Research: A Physics and Space
Science, 2018, 18, (11) GISFR-A Classification:
FOR Code: 020399,

DOI: 10.17406/GJSFR,
https://globaljournals.org/GJISFR_Volume18/3-Vec-
tor-Potential-of-a-Strongly.pdf.

[14] Balkhanov V.K., Bashkuev Yu.B., Angarkhaeva
L.Kh., Surface Impedance of a Highly Inductive
Two-layer Medium, Technical Physics, 2018, 63 (1):
107-109.

DOI: 10.1134/S1063784218010061.

DOL: https://doi.org/10.30564/jees.v1i1.488



