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quarter-guide wavelength, or odd multiples of this, away

from the flange, causing ihe flange loss to be in quadra-

ture with the theoretically calculable reflection coefficient,

and so having a reduced effect on the magnitude of PS.
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Dielectric Hemisphere-Loaded Scalar Horn as a
Gaussian-Beam Launcher for Microwave

Exposure Studies

lWRAN4BUR~.NEELAKANTASWAMY AND FOONG CHEE HONG

Abs&act-A new type of Gmasian-beam iauncber for producing a

focused-mfcrowave exposure field fn biological experiments for sektive

parthd-body irradiation is sturffed. TM proposed launcher consists of a

seabu horn (eormgated eyffndrfcal open-ended waveguide) excited with a

balanced hybrfd (HEll) mode and the aperture of the horn is loaded with a

dfektrfc hemisphere. This Iamwher fs similsr to the stmetare described by

one of the authors elsewhere [1], exeept tfmt a dielectric hemisphere

instead of a fulf sphere is us@ with the ~dt that the spherical aberration

is considerably redu~ as welf as that & weight and the size arq to a

certain extent reducd. It is shown that the present structure also pro-

duces in the image space of hemispherical le~ a near-eiveutar Gasssian

beam with a bfgh-focusing factor. De&n ** theoretical cakotatfo~

aod experimental results sonceming a practical X-band hm&r are

presented.

L INTRODUCTION

I

N the recent past, Neelakantaswamy et al. [1]-[4]

developed a class of microwave radiators termed as

“Gaussian-beam launchers”, to produce a focused ex-

posure field in biological experiments for partial-body

irradiations. These compact and simple structures with

their ability to focus the microwave energy in a very small

region indicate their practical utility, in the areas of bio-

logical researches and medical applications of micro-

waves, such as for selective heating of diseased/cancerous

tissues. These launchers can also be used in noninvasive
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beam-wave reflectometric and spectrometric instrumenta-

tions for measuring complex permittivity of biological

material at microwave frequencies, as indicated by

Neelakantaswamy elsewhere [5]-[7].

When compared to the microwave beam-launching sys-

tem described in [8], which consists of a plane-wave

irradiated dielectric sphere (lens), the launcher formed by

combining a scalar horn and a dielectric sphere [1] is a

more practical source of microwave Gaussian beam.

However, the use of a dielectric sphere as the focusing

lens results in significant amount of spherical aberrations

in the focal field, as indicated by Neelakantaswamy et al.

in [9]. The aberration effects are mainly due to the path

lengths of rays traversing the sphere (lens) and can be

quantified in terms the spherical aberration function

KOV(U), defined in [10], [1 1].

In the present work, a Gaussian-beam launcher is

formed by placing a dielectric hemisphere (instead of a

full sphere) at the aperture end of corrugated circular

waveguide (scalar horn). This enables a reduction in the

path length of the ray in the lens-medium, and hence the

spherical aberration effects are relatively minimized. l-7ur-

ther, by using a hemisphere in the place of a full sphere,

the launcher structure becomes less massive and smaller.

II. DESCRIPTION OF THE PROPOSED STRUCTURE

Fig. 1 illustrates the launcher structure presently pro-

posed. It consists of an open-ended corrugated circular
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Fig. 1. The test Gaussian-beam launcher; corrugation parameters:
Pipe inner diameter (2a’) =46.30 mm; depth of corrugation= 8.45 mm;
groove-width =2.oO mm; tooth-width= 0.20 mm; corrugation density
= 15 teeth per wavelength.

waveguide (scalar horn) which supports a balanced hybrid

(HE1 J mode. Placed on this horn aperture is a dielectric
hemisphere supported by a noninterfering polystyrene-

foam holder.

Based on the analysis presented in [12], the resulting
near-field distributions Ve% at the principal planes

focal region of the hemispherical lens are given by

W2
Ug$ = exp

~:w2

— +j/3
b=

where

‘=%[v(o)+a
W= O.6437 a’

KO =21r/~ (b= free-space wavelength),

in the

(1)

Here the quantity /3 denotes the phase factor related to

the spherical aberration function KOV(U) [10], [1 1]. The

other quantities are illustrated in Fig. 1.

The structure depicted in Fig. 1 can be designed for

specified constraints on its beam characteristics [13]. For

example, if the desired beam-spot size at a distance of
z = d from the hemisphere is taken as 20C (in angular

dimension OCrepresents the position of the first null), and

if D is the edge taper of the horn expressed in decibels,

then the required lens-radius (b) can be obtained ap-

proximately by solving the following transcendental equa-

tion [13]:

(w2/4+A2)’/2= l.4715187
(%si%e’p[b2;:’c]

(2)

where A = cosh - 1 (1?), and the factor B is determined by a

1=
k.
=-.
=

o 1 /2~ he
3

l+g. 2. Spherieal aberration function versus normalized radius of the

equivalent aperture (a) Full sphere. (b) Hemisphere.

pair of parametric equations:

()
u 1+~

B
2=

J2(v)
(3a)

2Jl(o)+4C—
u

2.J1(0) – OJo(o)
C=(l@/Zo–1)=

4J2(v)
(3b)

~ Jl(o)+ — – J3(v)
v

and

o= KOb sinfl.

Here Jo, Jl, J2, and J3 represent the Ordinw Bessel
functions of first kind and of order O, 1, 2, and 3, respec-

tively.

111. RESULTS AND DISCUSSIONS

An X-band test launcher of the dimensions shown in

Fig. 1 was designed and fabricated. The corrugated pipe

was designed, based on the theoretical results given in

[14], for an aperture edge taper of D= 25 d13 at a

frequency of 9.5 GHz. The desired spot size at a distance

of z = d= 6 cm along the optical axis from the lens is

taken as 20C= 28°. This corresponds to a spot-diameter of

5 cm at z = d= 6 cm. Hence the sphere radius is calculated

to be nearly equal to b =4.25 cm. The dielectric hemi-

sphere was made with paraffin wax (c, =2.73) and was

supported at the horn aperture by a polystyrene-foam

support.

The spherical aberration function calculated for this

lens, using the ray-tracing procedure given in [10], [11] is

presented in Fig. 2 as a function of the equivalent aper-

ture radius u, normalized with respect to the free-space

wavelength ~. For comparison, the aberration function

resulting from the use of a full sphere is also shown in Fig.

2. A considerable reduction in the aberration effects when

the dielectric hemisphere is used as the lens is evident

from these results.

Near-field measurements were carried out at a

frequency of 9.487 GHz and measured and calculated

patterns at d= 6 cm of the test launcher are presented in

Fig. 3. From the results given here, the following in-

ferences can be made. 1) The present structure produces

a near-circular Gaussian beam in the proximity of the

focusing lens as was observed with the beam launcher of
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Fig. 3. Calculated and measured eleotnc field squared at d= 6.0 cm.
(a) Along the direction of the incident electric field vector. (b) Along

the direction of the incident magnetic field vector. — theoretical;

o—o—co experimental; ------ experimental (without hemisphere lens).

[1]. 2) The use of a dielectric hemisphere as a lens

reduces spherical aberration and also makes the structure

relatively lighter and more compact. 3) A simple design

procedure leads to the calculations of the launcher dimen-

sions for prescribed constraints (say, the spot size) on the

Gaussian beam.
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