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Letters

Comments on “Gaussian Beam Representation

of Aperture Fields in Layered, Lossy Medix

Simulation and Experiment”

Perambur S. Neelakanta

In the above paper-l the authors address the three-dimen-

sional Gaussian-beam representation of an aperture-source-

excited, linearly polarized electromagnetic wave propagating in

a layered 10SSY medium and apply the relevant concept(s) to

elucidate the power absorption in biological media. However,

the basis of such representation, as applied to partial-body

electromagnetic/microwave irradiation of biological media, is

not new. The author of this communication had indicated in

[1]-[12] a generalized Gaussian-Laguerre mode model of the

emergent field from an aperture. He also indicated in [13]–[15]

the partial-body, Gaussian-beam exposure strategies as applied

to biological surfaces in determining the complex permittivity of

a multilayered lossy medium such as the human skull (in vitro)

and the medial palmar space (in uiuo).

It may also be noted that the characteristics of a bounded

beam in a layered medium have been extensively analyzed by

Ooya et al. [16] and Tanaka et al. [17]. On the basis of the

theoretical considerations and formulations presented in [16]

and [17], the author of this correspondence (with others) suc-

cessfully studied the reflection and transmission of microwaves

at multilayered biological media (in uiuo and in zitr-o), as re-

ported in [13]–[15]. These studies therefore precede those of

Lumori et al. by at least a decade.

The following is a summary of the relevant studies reported in

[1]-[15]:

1) The radiated (near and/or far) field from an aperture can,

in general, be approximated by Gaussian–Laguerre function

representing a multimodal, three-dimensional Gaussian beam.

However, with appropriate aperture modifications, an almost

single-mode Gaussian beam can be launched from the aperture

[1]-[12]. A typical example of this is the emergent beam from a

scalar (corrugated) horn [2].

2) The aberrations in the aperture-radiated field can be spec-

ified by the phase terms of the Laguerre polynomial and/or by

the circle polynomials of Zernike [11,[5].

3) When the Gaussian beam from an aperture is incident

normally on a dielectric medium (1OSSYand multilayered, in

general), it can be represented by the complex reflection and

transmission coefficients described in [13]–[17]. The Gaussian

nature of the beam is preserved (except for some added beam

divergence and\or aberration effects) as the beam propagates

through the multilayered (1OSSYor lossless) dielectric.
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4) Inasmuch as the Gaussian beam that could be launched by

one of the methods described in [1]-[12] represents a focused

beam, as indicated by the author of this letter (and others)

[1]-[12], it can be profitably used for partial-body irradiations in

hyperthermic cancer therapy.

5) The studies presented in [13]–[15] indicated the practical

aspects of a Gaussian beam obliquely incident on a biomedium.

Relevant results lead to establishing the complex permittivity of

the biomedium and/or evaluation of power deposition in the

medium.

6) The studies presented in [13] -[15] further indicated the

possible systematic errors in the measurements when the beam

strikes a nonplanar (curved) surface and/or a region with sur-

face irregularity (such as an external occipital protuberance or

crest in a human sktdl). However, these errors cotdd be reduced

by controlling the spot site of the beam to be small (in compari-

son with the curvature of surface undulations) by the technique(s)

described in [8]-[10].

7) It is the opinion of the author of this communication that

the (experimental) simulation of a Gaussian beam as presented

in the paper in question is rather unnecessarily elaborate. Con-

sidering the studies presented in [1]-[12] (which mostly refer to

X-band and\or ‘2.45 GHz frequencies), simulation of a focused

beam would prove to be far simpler even at 400 MHz if

aperture-modification methods were adopted.

8) Considering the work addressed in the paper by Lumori

et al., itis implied that the Gaussian-beam model simplifies

some of the boundary value problems commonly encountered

when electromagnetic waves propagate in layered, Iossy media.

Essentially, in their work, only a two-layered medium, namely

muscle and lung,, was considered. However, in a multilayered

medium consisting of, say, skin, fat, tissue, bone, and marrow,

the complex beam divergence and reflection/transmission char-

acteristics become quite involved when compared with plane

wave propagation.

Reply2 by M. L. L). Lumori,3 J. B. Andersen,4 M.-U. Gopal,

and T. C. Cetas 5

In our paper we have not claimed that our application of

Gaussian beams is pioneering: in fact we have cited the origi-

nal literature [18]–[23]. Admittedly we were not aware of Dr.

Neelakanta’s work, which seems to be his major objection.

However, his work would not have made any difference to our

paper since the goals are different. The main goal of [2], [7], [91,
[11], [13]-[15] is to analyze and construct an aperture antenna
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which creates a focused beam in free space at X-band frequen-

cies (in excess of 8 GHz). Ancillary to this he has shown

measurements of single-layer dielectric properties at these fre-

quencies (X band), frequencies which have no practical signifi-

cance, whatsoever, for the applications addressed in our paper.

On the other hand our main contribution is to show that an

ordinary waveguide or horn aperture close to a 10SSYmedium in

itself creates a Gaussian field to a very high degree of accuracy,

the reason being the additional attenuation of higher order

mode contributions. This has also been demonstrated in another

work which we have published [24]. These aspects as well as the

discussion of beams in 10SSYmedia in general are not covered in

publications preceding ours.

Although Dr. Neelakanta has alluded to the simplicity of

designing Gaussian beam launchers at low frequencies (e.g. 400

MHz), this claim has not been demonstrated in his list of

publications and references. In fact, one of his papers [7] men-

tions his research efforts to design and fabricate a launcher at

the microwave diathermy frequency of 2.45 GHz, but this does

not appear to have been accomplished. One might further add

that it is much simpler to create a focused beam at X-band

frequencies, as Dr. Neelakanta does (and probably at 2.45

GHz), than at 400 MHz for applicators of practical size. Fur-

thermore, at these high frequencies the penetration depth in

muscle tissue is very small, resulting in heating that is not of

practical significance in the applications cited in our paper.

The paper in question clearly shows that our work was not

limited to a two-layered medium. It clearly presents up to three

layers (muscle–Plexiglas–lung) and the method in general has

no limitations in tracking a higher number of layers, including

all the associated multiple reflections.

Finally, we would like to state that, contrary to Dr. Neela-

kanta’s comments on the experiments, we find our experiments

to be extremely essential in checking the accuracy of approxi-

mate models.
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