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characterized by conductivities. The electromagnetic properties of the electric field will be reviewed
and a solution will be given for the boundary value problem of a wave propagating, the displacement
current in free space is negligible. Numerical results are represented graphically.
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INTRODUCTION

The study of wave propagation in the earth has a history that extends back to the beginning of the last century and is an interesting
topic. Most of the investigations are based on the rigorous theoretical solutions of Sommerfeld, 1926 and Weyl, 1919 for a vertical
antenna over a flat homogeneous semi-infinite conducting earth. Practical formulas, valid at large distances from the antenna, are
based on the use of asymptotic expansions. All treatments of the phenomenon of the wave propagation took the earth surface as a
perfectly smooth (planar or spherical) interface between the air and ground or water. Feinberg, 1944 published a result derived
from an integral equation that dealt with the problem of radiation above a planar earth with terrain irregularities. He showed that
the effect of small height irregularities would decrease the apparent conductivity of the earth. Details of his derivation were not
published, and his result did not show the effect of that finite earth conductivity; the term accounting for roughness was obtained
as though the surface is perfectly conducting. Bremmer, 1958 repeated Feinberg’s result.

Natural propagation can be helpful to solve some specific problems, such as radio communications in mines with rooms and
pillars which cannot be solved easily with the help of transmission lines. Natural propagation modes are also useful for short range
communications, for example, in some road tunnels. Recently, Zheng, 2013 studied the wave propagation theories and application.
The case in which the wire is parallel to the plane interface between two homogeneous half-spaces is of particular interest in a
number of technical and physical applications. Early attempts Carson, 1926 and Wise, 1934 to solve the problem were based on
transmission line analogies that led to useful results, particularly at the low frequency end of the spectrum. Similar developments
are found in Sunde, 1949 excellent text on earth conduction effects in power-line systems. More recent works have dealt with the
high frequency behavior (kikuchi, 1956). The first use of full wave theory for a wire above a two - layer medium was presented by
Kuesterand Chang, 1977.

Many efforts to develop models for the stratified earth structure are reported in the literature. They are mainly focused on the
calculation of the earth return impedances and each of them uses different concepts and approximations. Nakagawa’s multilayered
earth model (Nakagawa, 1981) can be assumed as the most generalized, since it allows different electromagnetic properties for
each earth layer.
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However, the accuracy of these models is limited to the low frequency range, especially for cases of high earth resistivity, since
they all neglect the influence of the imperfect earth on the shunt admittances. Furthermore, Ametani, 2001 proposed formulas for
the shunt admittances in the case of a two-layer earth. Wait, 1970, computed the propagation constant for a straight wire of infinite
length located in a stratified media, and studied the electromagnetic waves in stratified media. Also, Samir Mahmoud and Wait,
1974 studied that wave propagation along a thin wire located inside a rectangular waveguide with imperfectly reflecting
boundaries. Coleman, 1950 studied the wave propagation for the case of a thin wire on the interface between two semi-infinite
homogeneous media. Recently, Robert, 2000 studied the electromagnetic wave propagation on a thin wire above earth. Yingkang
et al. (2010) obtained the wave propagation along a thin vertical wire antenna placed in a horizontally layered media and
Manjunath et al. (2012) studied the wave propagation in random granular chairs. In this paper, the current on the wire, for a
localized generator, it can be constructed by a linear superposition of exponential current modes. In addition, a solution will be
given for the boundary value problem of a wave propagating along a thin vertical wireon the earth’s surface. To solve the
boundary value problem, we let that the wire carries a current of the form I e ~"%and I = i # is the propagation constant that is to
be determined in terms of the series impedance and series admittance of the wire Lavrov and Knyazev, (1965).The aim of this
paperis to perform theoretical and numerical analysis of theelectric field strength along a thin vertical wire on the earth's.In
addition, we will use the available numerical methodsto obtain the results of the imaginary part of the electric field and
represented graphically.

The Method of the Solution

We consider the problem as shown in Figure (1), we assume that the wire very thin compared to its length. In medium 1, the
permittivity and permeability of free-space are £,= €, and u, = W4, respectively. The wire is vertical on the interface has height
h. In medium 2, the permittivity and permeability are €, i, respectively. We chosen a Cartesian coordinate system (x, y, z) and
oriented along the positive z-axis and located at y = hand x = 0.

Thus, for the solution of the boundary value problem, we let the current have the form I &%, where I' =i f# is the propagation
constant.

=h
Medium (1) Y (o) €1,y

Medium(2) €5, 15

The Electric Field Due to the Current (I =12,

The primary fields of the infinite wire can be derived from the potential =% given by Wait, 1985

[ I : = gThx . "
7= - (B e [T T e Rl daL (1)
4T K oWy

The components @ and =" are the electric and magnetic Hertz vectors respectively, the integral representation for the Hertz
potentials in medium / and 2, take the form

7, = e T2 [T [oualy-R) +R{A]e'“1':-"'+m}[%-‘] G 0 Y S R oo @)
1
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7y = e TE [T N(1)e by [Tjh] d. B 0 e, (5)
Where

w=2+p2 k2, fori=12
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The wave numbers &; and &; for the two media, are

kil = gujw” . fori=12

It is convenient in the present problem to express the total electric field in terms of two scalar potentials. In medium 7, the electric
field has the components:

B = oo 300 (S o ©6)
By = = i (2] o (7)
By = (5 4 K)o eeeeeeeeo e (®)

B, =280 ¢ e (‘3:@], ......................................................................................................... )
E, () = ';;fzfj = 1130 (T e (10)
E,, (F) = (;—::Jrk;]aﬂ{ﬂ. .................................................................................................................... (11)

The boundary conditions require at y = Othat?u = Fn-.u F,__-g = ng, Eu =H 23 andﬁw =H 12.From equations (2)-(5), with the
boundary conditions can be can be applied to obtain the unknown functions R(1J, as:

.1:_,[?:{1 —K)*+ {Ela:-ul— E:EGH:K:]':‘UIMHI-I—IU:@H:H:]

ROD =—— .
(2282 - K) + (qpw uy + eqw ug KD oo ug + powowa K (12)
whereK = Ehj :z" in the caseof p,; =y, = u, equation (12) leads to
_ 2k} wa(AP-ugug) .
R} ==1+ (B o) GRuma® mgy 7T T (13)

Using this result in equation (13), we can now obtain an explicit expression for the total axial electric field E;, in the upper half —
space due to the current {J 7% in the wire, from the equation (8) we can get

= (e — B e oottt (14)

We are substituting the value ofR (1)} from equation (13) in equation (2), we obtain

. gl e o= 0 fes 1k [A2—wyus] oy fewy BT
7wy = %’;-E‘g rz [ {g"*i'-" R4 (—1 + i —1.93'5 [L‘Eu-+;'.:. ui'lulJ € "‘1'3'”:'}[? B, (15)

by substituting for I~ = if in the above equation, then

—fuel . = gTilx = gy
4 k? . u, - Uy

M0 —wua) (k) - di]

2

B2 ug+he2 uy )
and by substituting from equation (16) into equation (14), we can get the component of the electric field E,_K, as:
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1B ua+ kD g
then, the expressions of the electric field E . in the upper half — space due to the current (J &2} is

Eiz06,7,2) = TEE00 7 BIB), .o (18)

where,
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Numerical Results

A theoretical and numerical analysis of the electric field along a thin vertical wire on the earth's surface have been studied. The
wire is assumed to be placed vertically on the earth's surface, and the electric field component Ej;is obtained in terms of the

propagation constantthe direction of the propagation is an a z-direction. The imaginary part of the electric field component E,; has
been plotted as shown in Figure 2((a b, ¢) — (e, d, 1)), and Figure3 ((a, b, ¢) - (e, d, f)) due to the rate of variation of the phase of

the wave, f§ = kq and § = -,II( hiu along z-direction, at the distance source from the earth's surface # = 250 m and 400 m with

different frequencies f'= 50 MHz, 130 MHz and 200 MHz, respectively. According to these Figures, it is clear that the values of
the imaginary part of the electric field component E,, increase with increasing distance 4; the frequency is increasing. The values
of the imaginary part of the electric field component E,, in the case when the rate of variation of the phase of the wave along z-
direction # = K, (see Figures 2 (a, b, ¢) and (e, d, f)) are less than when g _ ﬂlﬁ’ (see Figures 3 (a, b, c) and (e, d, )).

The imaginary part of the propagation constant §# = k;, with frequency 200 MHz at a high distance 400m, which is first small
peak compared to the cut-off frequency of the first mode, while the greater first peak compared to the cut-off frequency of the first

I(n +n-..

mode when the imaginary part of the propagation constant g = \ at the same distance 400m.However, the values of the

imaginary part of the electric field component &, is stable at a high frequency 200MH:z and for different distance, # = 250 m, and

400 m, then the received signal becomes constant.
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Figure 2. ((a, b, ¢) - (d, e, f)). Representation of the imaginary part of the electric field component E, qdue to propagation constant
B = kjat h=250m, 400 m, for the frequency f'= 50MHz, 130MHz and 200MHz, respectively.
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Figure 3. ((a, b, ¢)- (d, e, f)). Representation of the imaginary part of the electric field component Eudue to propagation

constant § = JM ath=250m, 400 m, for the frequency f= 50MHz, 130MHz and 200MH?z, respectively.
Conclusion

We conclude that the imaginary part of the electric field depend on the rate of variation of the phase of the wave fi, which is the
rate of variation of the phase of the wave along the z coordinate will be reviewed and a solution will be given for the boundary
value problem of a wave propagating. It is related to the wave length and to radian frequency, and it is measured in rad /m.The

result of imaginary part of the electric field component Ej;; has been calculated due to the imaginary part of the propagation
constant for the two cases when g= . gnd § = \II(“‘:;"‘

, the results are represented graphically. The direction of the propagation is

in a z-direction, then the waves has only z-component of the electric field. The displacement current in free space is negligible and
some numerical results represented graphically.
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