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Abstract

The transient electromagnetic field generated by vertical electric dipole in evaluation duct is investigated
theoretically. A vertical electric dipole in the surface layer is taken as the source of the electromagnetic field. We
determine the electric field strength exactly at some fixed point in the duct layer expansion with time, the image
of the primary source permits us to apply the method first for Cagnaird and later extended by De Hoop and
Frankena to the cases .Hence, we can give a physically intuitive description of polarization dependence at the
time of the electrical field strength. The distinction of different cases where the distances between the receiving
and transmitting ends at greater or lesser than the total reflection distance is studied.
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1. Introduction

In the problem of electromagnetic radiation from a vertical dipole situated at a certain height above a plane earth,
all field quantities are usually assumed to vary harmonically in time. Sommerfeld (1909), calculated the
electromagnetic radiation from an electric vertical dipole, located above the plane interface of two media. Many
writers, Wait (1970), Moore & Blair (1961) and Durrani (1964) have considered this problem; the aim of the
present work is to extend the study-state to transient excitation when no restrictions on the distance between
receiving and transmitting ends are made. Two integral transforms are applied to analyse the transient field of
vertical electric dipole above a dielectric layer. The distinction of different cases where the distance between the
receiving and transmitting ends is great and lesser than the total reflection distance studies by Abo-Seliem (1998).
The problem has been studied by Arutaki & chiba (1980) and Abo-Seliem (2003) and Abo- Seliem (2004). Two
integral transform are applied to analyze the transient field of a vertical electric dipole in a dielectric later. A
laplace trancform in time and a two — dimensional Fourier transform in horizontal coordinates in space are used
for the hertiz vector in the wave equation we use a Cagniard's method (Hewitt Dix 1963), and simplified by De
Hoop (1960). In the present work, we confine our anther exclusively to the elementary vertical Hertizan dipoles.
Embedded in air, we computed the z- component of the Hertz vector and showed the behaviour of the absolute
value of the z- component of the hertz vector. The reflected waves and integrals Jones (1969), the component of
the electric field strength is also arbitrary for the excitation function F(t) =1t at some fixed but arbitrary
position from the point of observation in the half-space.

2. Formulation of the problem

As show in Fig.1, the duct model of Kahan & Eckart (1950). A dielectric layer is assumed of relative permittivity €,

over laying an infinitely conducting plane earth which is confined by the plane z = O of a rectangular coordinate
system

€< & £5 Medium2
81 Medinm1l

V.E.D.

Fig.1: Geometric of the problem.

The source of the field is assumed to be a vertical electric dipole in the medium 1 at the pointX=Y = 0,
z=d >0 whose moment is given by Tt, = (0,0, F(t)8(X,y,z—d)), t being the time variable and the three
dimensional-distributions. Regarding, we make the assumptions F(t)=0 for t<0 and dF(t)/dt =0 for
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t=0.

3. Method of solution

The starting point is the wave equation for the electrical field E = (X,y, z;t) in the two media:

0 fori=2
V2 -vi?0’E = _ F(t :
[ 0] n,DZF()3(x,y,z—d)E, — (©) Va,8(x,y,z—d) fori=1 €))
€o€;
Where Vv, denotes the phase velocity of mediumi, €, is a unit vector in the z-direction. The application of a Laplace
transform in time and two-dimensional. Fourier transform horizontal coordinates x, y leads under consideration of the

initial boundary and transform of E= (X,Y, z;t) being the variable in the transform space, we get for h < z <

0 fori=2 (2)
120 2 (B z,s) = | FO[ P 0 50 gy
0z €48, 0z

(T,5%8(z —d) - 022 32=Dys 1 fori=1

i z° €,¢,

Wherej* ==1,y% =(a’® +B*+V;?), i=1,2 with Re(y,)>0in the medium 1. This an integral representation
result of the Laplace transform of electric field in terms of two-dimensional inverse Fourier integral.

exp(-sy,;|lz—d
EO (xy,2:6) = f(s){”( g 2P [2=d) | (1+cy, exp(=2sy, (h-d))exp(sy, (z+d)
—00—00 YI y (1+C12 exp( ZSY h))
1+c,, exp(-2sy;d))exp(-sy;(2h—-z-d .
¥; (1+Cy, exp(=2sy;h))
With the reflection coefficient at the upper duct boundary: c,, _Ti7v2 here o and [ are variables in the
Yi+7Y2

transform space of the two-dimensional Fourier transform f(S) is the Laplace transform F(t) .

4.Application of Cagniard method

To come back the original space —time domain, the method of Cagniard which was modified by De Hoop (1960), can
be used and extended to the present problem. The solution in the domain for the corresponding time — dependent

function E(l)(x,y Z, t) is
E(l)(x y,z,t) = [ (x,y,z,t)+2(—1)“U(nl)(x,y,z,t) > U (2) (x,y,z,t)fort <7 ()
min n=0

0 fort-7
n=0

R,

. (6] . 2,02 2 . . .
Where 7 =min(-=2,7 ") with R, =(r"+(z-d)") where r denotes the horizontal transmitter — receiver

1
distance and R, is the source — receiver distance.

Ei””m)(r,z,tﬂ%éf? Re[u” () +° (z,w)ldy)e " Tdz ®)

Where
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_7sin 9 7’ ) 7? 2 5 -
u:J—0_|.(_2_Vl X And a=(=-V )®siny (6)
RO Ro RO
Then

2
ES™(r,zt) ‘8;(2%52 0,-sin* 9)— - (cos* 9, +1)
T 08081 to (7)

With the arrive time of the primary field to = &and sin 90 = -

1 o]

The image source maybe classical into six types, the function | f]l) (x,y,2,t) is
@
R.
\"

Ofort<

R(l) for r<§ (—)
hf]l)(x,y,z,t) fort>-—"

1

Ofort> TS) (a)
R(l) ®)

1

ULk y.zt=1 fxy.ztfor 70 (q) <t < Do

®
R.

hY (x, y,zt)+g "(x,y,2,t) for Do v <t<z(a)}e >§ (

hY (x,y,z,t) fort> 7. (q)

Where
715 ) .
(i) — - i H — i) - (i)
=0, v R(n)‘cosg(l) n‘+ @ +y,) RUsing ©)
(i) 2 2 i)
@)=, -v.,)* RV (w0
So_s RS’ and g:) Polar coordinates with respect in the image source Q _
gl ni
(i)
fn =2(n+1)h+z-d
(i) (12)

5 =2(nNh+z+d

n
The theory, in detail;
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Ofort<£31-
hY (x,y,2,t) = Vi
1 > (12)
o |7 Rel? (L) + )G Ly)dy
27 g.& R,
With
) -2
W +a Y)W +a +y,)”
12— 2 2 -2\ 5 2 2 -2\ 5 (13)
U +a"+y, )"+ g, U +q"+y,)
rsmg 0 t? 25
u=j R(n') +(Rm \/1 )cos @ ‘cosw and q:(W_Vlz)%mw (14)
Furthermore
0fort<z- fort>R
f (nl)(X, y.z,t) = -¢q, z ) 2 m ® ® (15)
o R [? Relu?(tw) - a* @)1 |, Co tw) cosydyfort > 7 t < R,
0C1 n
Ofort > TS), fort < TS)/Vl
o a2\ 2 s 16
gn (x.y.z.1) = C{ql(t) qnl(t)} 2 Re[u®(t,y) — q°(t,w)] (19

m @
I mC12(t"//) COS!//dy/fort < Tnl ’t s Rf]l)/V1

2 @) 0 R
eaR T iglt)sin® y—gl

where n=0,1,2,....i=1,2,m=n for i=2 and m=n+1 for i=1,with ¢=0 and i=2 and c=1 for all value of nand I in (15) !(16)
we have

B C TR AV R (TR eV
C12 - 2 2 -2\5 s2 2 -2\ 5 17)
o(-uT+q +y, ) +jUuT -9 —y,)

:11) _Vl—z]}.s And qn () = (% _Vl—z),s (18)

R.

1) [ (1) (VZ

%GR

With

M
rsm@ t?
U= j——a™+@" +—g +V1

R, R

In (15)
2, .,
:ql(t)sm 7
And in (16)
— 0 ®)sin?y +q (t)cos?
=g, @sin’y -+ () cos’

5- Numerical results
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We present some synthetic curves showing the horizontal normalization hertizian vector above the duct layer as
function of normalization time when we take o =1 and ¢ =1,0004 the height of the primary source and the

point of observation has been taken to be z=d=20m and duct height h=15m . in such a manner that the
corresponding potential of the primary source is independent of the horizontal distance r and takes on the value

for t> to = &where RO denotes the spherical distance between the source and the point of observation.
1
If r=1000m is beyond that distance where the cotrribution of the image source QO_ , to the total field undergoes
[}
total reflection at upper duct bondary , hence its shows the lateral wave fornt before time of the spherical wave

fornt before QO_ Fig.(2).
1
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Fig. 2. Normalized potential within the duct layer as a function of normalized time (r= 1000 m).
Fig.(3) . If r=4000m the wave front due to the reflected first image source now arrives before the primary wave

front and becomes greater and greater the case of r=5000m shows another detail; more and more reflected image
source must be taken into account .
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Fig. 3. Normalized potential within the duct layer as a function of normalized time (r =4000 m).

The case of r=5000m shows another interesting detail more and more reflected image source must be considered
since with increasing distance more spherical wave front due to the reflected image source undergo total

reflection and continuity to the receiving potential with their

logarithmic singularities (fig.4).
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Fig. 4. Normalized potential within the duct layer as a function of normalized time (r =5000 m).

6. Conclusion

A theoretical study for computing the electromagnetic field from a Hertizan vector in the ionosphere is presented.
The solution is valid for arbitrary distances between receiving and transmitting ends for a source position. The

Saddle point method is used to compute the problem.
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