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Abstract: The analysis for a dipole radiation pattern in the presence of a beam focusing
structure is presented. The far field radiation pattern of the dipole in the azimuth plane is
compared with simulated results using the commercial software package FEKO of EMSS.
The results are found in good agreement with the FEKO’s MOM based solution.

L. INTRODUCTION
Any practical antenna must operate in an environment which may consist of a variety of
structures, such as the ground, aircrafts, ships, buildings, satellites, etc. The presence of
such structures may cause interference in various ways, e.g., blockage of the antenna
beam, etc. These may change in the antenna characteristics and especially the far field pat-
tern. Therefore, the antenna characteristics need to be reevaluated taking into account the
influences of the surroundings. '
Using high frequency techniques, models have been developed to analyse configurations
such as a monopole on a ground plane [1], a microstrip patch antenna on a finite PEC
ground plane {2,3], a monopole on a finite cylinder [4] and a rocket shaped body [5].
In this paper, the analysis of the far field radiation pattern of a dipole in the presence of a
beam focusing structure is presented. In order to increase the gain of the dipole and narrow
the radiation pattern in the azimuth plane, a reflector consisting of three plates is intro-
duced (Fig. 1). By moving the side plates back and forth, different gains can be achieved.
These antennas find applications in point-to-point communication systems and in cellular
base stations.
The analysis is based on a ray technique and can be extended to terrain scattering and
propagation modeling, which is very important in the design and evaluation of ground-to-
ground and ground-to-air communication links, as well as to low altitude radar.
Section II presents the analysis of the problem. Section III presents the results for typical
structure.

II. THEORY

Fig. 1 shows the beam focusing structure including different ray paths. Here we present
the two-dimensional analysis. The asymptotic evaluation of Maliuznet’s exact solution
using the method of steepest descent decomposes the integral solution into individual scat-
tering mechanisms. The extracted terms include the incident field, the singly reflected
field, the multiply reflected fields and the diffracted fields. Multiply reflected fields of any
order with the wedge can be reduced to products of planar reflection coefficients [6]. The
total field at any point is a super position of the incident, reflected, diffracted fields from
edges and the surface waves. No surface waves are excited at normal incidence. Here, in
order to simplify the analysis, we neglect the diffracted fields which are weaker compared
to the incident and reflected fields.
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a) Incident Fields

For finite length wires, the total radiation will be obtained as a superposition of radiation
from very small linear current elements of length Al and constant electric current I, =a,l..
This is usually referred to as the infinitesimal dipole. The radiation of the other sources
can be obtained by knowing the radiation from an infinitesimal dipole. The radiation field
for an infinitesimal dipole is well known and can be written as
Ei, = L|sin6|[exp(~jkr)]/r, where 0 is elevation angle, r the distance between the

dipole and the observation point, and k the propagation constant. In the azimuth plane, 6 =

90°% so that sin@ =1 and, assuming a unit current, the radiated field becomes
Ei, = [exp(~jkr)]/r. This incident field is available in the far field, if there are no geo-

metrical obstructions.

b) Singly Reflected Fields
The singly reflected field will reach the observation point from different places on the
structure (c.f. Fig.1).

1) From the back plate: A ray generated from the source at origin will reach the point say
(-d,y) on the back plate and reflect back to the far field point of observation. Let the far
field point be P(p,0). Then coordinate y can be written as

_ _dpsing . wd m

+2d +
and the far electric field is peoso+2d 2(h+d)

exp(—jk[y” + d* + J(pcos + d)* + (psing — y)’1)
E, = )

Jy* + )i(pcoso + )’ + (psind - y)’]
where the difference between the exponential expression and the denominator is due to the
multiplication of the individual paths.

2) From the side plate: If (h-d)>0, fields reflected from the side plate will exist. If the ray
from the source strikes the side plate at a point (x,-w/2), and after reflection it reaches
P(p,$), then the coordinate x can be calculated using Snell’s boundary condition

~ __wpcoso _
X Spsingrwy D &)

The reflected field at the point of observation is

| eXp(—jk[Jx2+(‘§v)z+J(pcos¢—x)2+(psin¢+‘§)2D
E, = .
[ @i oone )]

¢) Multiple Reflected Fields
Multiple reflected fields will reflect at different points in the structure and then reach the
observation point. The second order reflected fields can be found as follows.

@
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1) Reflection from side plate to back plate and then to far field: The ray starts from the
source, strikes the side plate first and is then reflected to the back plate. After reflection at
back plate, it will reach the far field. Let the ray strike the side plate at a point (x,-w/2).
Then, applying Snell’s boundary condition, we find

X = _w(pcosp+2d) d<x<—h+d (5)
2(psing + w) 3

After the first reflection, the ray strikes the back plate at a point (-d,y), and the correspond-
ing value of the y coordinate can be calculated from Snell’s law.

_(w x+d), ) 6)

The electric field after two reflections - one at the side plate and one at the back plate - will
reach the far field which can then be written as

) exp(—ﬂéu)(2 J(x+d) +(y+ ) +J(pcoso + dy’ + (psing - y)D

Ell =
b J[x’+(2)][(x+d) +(y+ )][(pcos¢+d) +(psing - y)’]
m

2) Reflection from back plate to side plate and then to far field: The ray starts from the
source, strikes the back plate at point (-d,y), strikes the side plate at (x,-w/2) and then
reaches the far field at (pcosd, psing). The x and y coordinates are

2d(psin¢)+ﬂ)+ﬂpsin¢ ind+ ¥
) 5 psing )

- ) aH-¥
x psing +w Y pcos(i)—x(x+ ) 2 ®

and the condition for the existence of this second order reflected field is

w wd
2V <T3mrg) ®

The electric far field can then be written as

exp( —jk Jy +d° +A/(x+d) + y+ J(pcos¢ X) +(psm¢-—) D
J[y2+d21 (x+df +(y+2) ][(pcos¢—x>’+(psin¢-‘§)2]

The resulting far field is the sum of all individual contributions derived above.

E =

(10

II1. RESULTS and CONCLUSIONS
Fig.2. shows the estimated radiation pattern in the azimuth plane for the following data at
GSM frequency: w=34cm, h=7.5cm, d=8.5cm and f=880MHz. This result is compared
with the MOM based solution of the commercial software package FEKO of EMSS (ver-
sion 3.03). The agreement is good up to 60 degrees off the main peak. The mismatch
between 60 and 70 degrees, where the observation point crossing the edges of the reflec-
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tor, might be due to diffracted fields from the edges. It has been found that the diffracted
field contribution is significant if the dimensions of the structure are comparable to wave-
length. The estimation could be further improved by adding higher order reflecting fields.
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Fig.1 Ray model of the dipole with Fig. 2 Comparison of results obtained by
Beam focusing structure. this method (*) and FEKO (-).

ID — Incident Diffracted
RD — Refelected Diffracted
RRD - Reflected Reflected Diffracted

93



	Index: 
	CCC: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	ccc: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	cce: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	index: 
	INDEX: 
	ind: 
	Intentional blank: This page is intentionally blank


