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Thetransient electromagnetic fidds of a verticd dectric dipole antennawith an impulsive
current in a didectric medium are expressed in an analytical form. It is found that the first
pat of the electromagnetic fields of the excited dectromagnetic pulse is an impulsive wave,
which propagates with the speed 1=Px and decays exponentially. The other part builds
up gradually and propagates sowly, and dtenuates with a much lower rate than exponential
decay.

PACS. 41.20.Jb — Electromagnetic wave propagation; radiowave propagation.
PACS. 52.35.Hr — Electromagnetic waves.

|. Introduction

Modification of propagated electromagnetic waves and their distortion greatly affects radio
navigation, identification of targets by means of radar and generdly other tdecommunication
gystems. The sinusoidal electromagnetic wave undergoes a strong attenuation of an exponentiad
decay nature when it propagatesin adigectric medium. However, trangent dectromagnetic fidds
excited by a pulsed antenna may attenuate rgpidly and may propagate over a moderate distance
from the antenna because it contains a wide band of low frequency components. The propagation
of a transient dectromagnetic wave in a didectric medium has been sudied by several authors
[1-5].

In consdering our problem, the exact solutions for the transient electromagnetic fidds
excited by a pulsed electric dipole in a didectric medium are derived. The trangent fidd re-
goonses due to a step-function current antenna are then calculated under the assumption that the
digplacement currents areinsignificant for reasonable vaues of time after theinitial antenna pulse.

Conseguently, by convolution, the propagation of dectromagnetic pulses excited by an
antenna with currents of arbitrary waveforms can be evaluated.

I1. Description of the configuration and method of solution

The geometry of the problemisilludrated in Fig. 1. To oecify the position of the source in
the configuration, we employ the coordinates (r; u; A) as aspherical coordinate system with origin
O and three mutually perpendicular base vectors (er; €,;€4) of unit length each. The sourceis a
vertical dectric dipole antennaimmersed in a didectric medium of infinite extent and excited by
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FIG. 1. Pulsed Electric Dipole and Coordinate Systems.

an impulsive current. The dectric permittivity is "', the magnetic permeability 1 is taken equa to
that of the free pace 1o everywhere, and the conductivity % is assumed to be zero.

The dectric dipole antenna, located & the origin O and oriented verticdly in the z-direction,
issmdl in length, d”, carying a current If(t). | is the amplitude and f(t) is the tempord function
of the antenna current. Without loss of generdity, we can redrict atention to Stuations where
f(t) =0 for t < 0. The corresponding frequency domain representation for the current is then

Z 1
F(s) = T (t) exp(j st)dt = LFf(t)g (@)
0

wheres = il in terms of the angular frequency !, where the operator L denotes the Laplace
transform.
In the frequency domain, Maxwell’s fundamentd € ectromagnetic equations are written as

curlE(F;s) = j stH(F; s); 2
curlH(¥;s) = s"E(¥;s) + J(F;s); ©)

where E and H are the dectric and magnetic fidd intensity vectors, respectivdy and J is the
impressed current dendty vector of the dipole antenna which can be expressed as

J(k;8) = Id (F)F(S)e;; 4
€, isthe unit vector in the z-direction.

Each component of the dectric and magnetic fields is rdated to a Hertz vector Q. In the
frequency domain, these wdl-known rdations are given by [2]

Y
E(r;s) = j °2Y(1=; s)+grad div  (;s); (5)

Y
FA(r;s) =s" acul  (¥;5); (6
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where
02 — 1"32: (7)
The vector electromagnetic wave equdion is
Y J
(r’i °4 (®s)=i o (Es) (C)
A solution of this equation is given by Stratton [6]
Y-—lzJO- e v 9
(B9 = e y F9)—% C)

where Q(1c;s) is evaluaed a the observation point (r;u; A) and J(¢¥';s) at the source point
(r%: % AY). The digance R isequd to R =j¢ j Y}, and the integration takes place over dl the
! space. (The medium isinfinite and homogenous).

As the dipole antenna is situated at the origin of the spherica coordinate system (r;;A),
asindicated in Fig. 1; and oriented in the z-direction, on applying of equation (9) it is found that
the Hertz vector has only a z-component which is given by

Y Y Id F(s)ei “OF
(F,9)= e = 2is" a2 (10

z

The operations (5) and (6) are gpplied to obtan the field components [2]:

Eu(F,s) = %ﬂ + °(s)r +°2(s)r’gei O sinp; (1)

Er(r;s) = %ﬂ + °(s)rgei “© cosy; (12)

Hi(r;s) = 'd41/Fr(zS) f1+°(s)rgel "Orsinys (13)
4

Now choosing F (s) = 1, that isto say taking f(t) = £(t), then equation (10) becomes,

Id> ei @) Y
alr—" (¥, S)ez: (14
V4

Using the tables of Lgplace transfonns [7, 8], we have

© a
Lil eid =xtj a); (15)
where Li 1 denotes the inverse Laplace transform. This leads to
Y i
R — +t: L.
FO= ot ti o (16)
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i ¢
wheret 't i | istheDirac-+function and v = pl—l_" Applying Maxwdl’ s equaions in the time

domain, we can find the magnetic fields

h s I’, r 3 r'i
+tj — +—2 tj - ; 1
i y iy (17)

Hi(k t) = % t
where £)(x) = (f—xir(x). To obtain the dectric field, let’s define

Gy(r;s) ~ [L+°(s)rlel O, (18)
and then compare G1(r; s) with Hj (r; s). In view of eguations (13), (17) and (18), we find the
inverse Laplace transform of G4(r; s) to be

3 g 3
Li 4Gy(r;s)g = qu(r;t) =+ tj 5 +5i° ti 5 : (29

Then the time domain electric fidd can be obtaned if we rewrite E,(r; s) as

Id” cosp

Er(¥;s) = o0

Ga(r; s)Gu(r;s); (20)

where G, (r; s) = si Applying the convolution theorem of the Laplace transform [7],

YA t
Li HGa(r;s)Gu(r; s)g = , @D ti e =Y 2 ga(r); (21)
to equation (20) leads to
N O e
. ld cosu''r or r v
Er(¥;t) = 203 Vi ti V +u tj ; ; (22

where u(t j ) is the Heavisde step function. Similarly, E,i(¥;s) can be rewritten &

Id sinp
AYyr3

Eu(r:s) = s ¥ (rs)siny -+ Gy(r; 5)Ga(r;5): (23

z

Then, we have

- 3 . a . .
Id siny rr?, r r
_ —*tj - +—=+t tj - +ut; — : 24
443 v Iy V2 Iy Iy (24)

5

Eu(r;t) =

Equations (17), (22) and (24) gives us the exact time doman solutions for an eectromagnetic
pulse excited by a dipole antenna with an impulsive current in a didectric medium. These forms
are congdered to be original and new. These findings may lead to some useful gpplications in an
environment such as the atmosphere.
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II'l. Conclusions

The exact time domain solutions for an dectromagnetic fidd excited by an dectric dipole
antenna with an impulsve current in a didectric medium have been derived. It is found that
eectromagnetic fiedds of the excited electromagnetic pulse can be divided into two parts. The first
part is an impulse wave, which propagates with the speed v = 1=P1 ang decays exponentidly.
The other part builds up gradudly and propagates slowly, and atenuates with a much lower rate
than the exponential decay. These findings may lead to some useful applicationsin an environment
such as the atmosphere.
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