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INTRODUCTION

As is well known, the laser beams with small divergence angle are approx-
imated well by the conventional real-argument Hermite-Gaussian beams [1].
These beams are often used as a basis set to analyze the propagation and
diffraction problems of light beams. There is an alternative set of Hermite-
Gaussian functions of complex argument proposed by Siegman [2]. As far as we
know, the relation between the real-argument and the complex-argument Hermite-
Gaussian beams has not been shown.

In this paper, we give the relation between two basis sets. Since it has
been shown that the complex-argument Hermite-Gaussian beams are generated by
multipoles with complex source points, the conventional beams are ex-
pressed as a superposition of multipole fieids with complex source points in
the paraxial region. As an application of the expressions of the conventional
beams, scattering of beams by parallel cylinders is examined. For simplicity,
we consider two-dimensional sources and scattering by two cylinders. The time
factor exp(jwt) is suppressed.

CONVENTTONAL BEAMS GENERATED BY MULTIPOLES WITH COMPLEX SQURCE POINTS
The conventional Hermite-Gaussian beams ¥,(x,z) propagating along the =z
direction are represented by [1]
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where k is the wave number in free space and
o = [1-3(z/b)17", b = kwl/2. (2)

The lowest order Gaussian beam given by Eq.(1l) has the smallest spot size w
aL z = 0. The complex-argument Hermite-Gaussian beams proposed by Siegman are
expressed as [2]
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Using the relation for the Hermite polynomials [3]
[n/2] n! n-2q, » q
Hy (kL) = Looqi(n-2qt © (=17 Hy g (805 )

we obtLain the relation between wn and @n as follows:
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Following Shin and Felsen [4], we define the fields excited by the multi-
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poles located at a complex point (0, -jb) as
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where the complex distance R from the source point to a field point is vxZ +
(z + jb)2. If the field point is far from the branch points (k|R|>» 1) and in
the paraxial region (x2 « z2 + b2), the multipole fields are approximated by
L0 _-1/2 2 —(n+1) kb -
G, -~ (1" m = Yo e W (8)
Using Eqs.(5) and (8) leads to the expressions of the conventional beams in
terms of the multipole fields, namely
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SCATTERING BY TWO CYLINDERS

Let a beam expressed as Eq.(1) where x and z are replaced by x~* and z~ be
incident on two parallel cylinders #1 with radius al and refractive index nl
located at (0, d/2), and #2 with radius a2 and index n2 at (0, -d/2) as shown
in Fig.l. The angle @, is the angle between the beam and the z axes and (x;, -
zy) is the location of the beam waist. Scattering of beams whose electric
fields are parallel to the axes of the cylinders is analyzed.

First, we investigate the scattered fields for the multipole fields Gy,
given by Eq.(7) where x and z are replaced by x~ and 2] incident on the
cylinders. Making use of the additional theorem for the Bessel functions

leads to the expressions of the multipole fields G, in the co-ordinate systems
(rt, 81) as
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where,unlike the recurrence relations for the coefficients of the three-
dimensional multipole fields [5], u;(n) and B;(n) are given explicitly by
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and where
ri = /Qx I d/2)2+ 22, Gi = tan—l[(x ¥ d/2) / 2],
pi = \/(x0 + ijb sin(po ¥ d/2)2 + (z0 + jb (:oscpo)2 ,
¢i = tan-l[ -(x + jb sin(po +d/2) / (z + jb coscpo)], (12)

with 3 signs corresponding to i = 1 and 2. respectively. The scattered fields
ei(l) by the cylinder #i are expressed as

els](i) = Z Ci(n) H;z)(kri)exp(jmei). (13)
m=-e
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The fields et(l) in the cylinder #i are expressed as
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Applying %h& boundary condltlons atr' =a" after expre381ng the scattered
fields en and € in the co-ordinate systems (r2, 2) and (rl, el),

respectively, we obtain the equations which determine the unknown coefficients
C;(n) and DX(n). The result is
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Since the beams are expressed in terms of the multipole fields, the total
scattered fields Eﬁ for the incident beams ¥, are given by a superposition of
the scattered fields es(l) as follows:
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Using the asymptotic formulas for the Hankel functions in Eq.(17), we obtain
the far scattered field.
Numerical calculations have been carried out for the beam with kwo 47,
=0, kzy = 27 and @, = 0° and two equal cylinders w1th ka! = ka® = 7 and
kd 107, The normalized scattered-field patterns of EO and Ez are shown
in Figs. 2 and 3, respectively. In both figures, the solid and the dashed
curves correspond to scattering by dielectric cylinders with nl =n? =1.5,
and by perfectly conducting cylinders, respectively. The scattered-field
pattern of Eo by conducting cylinders shown in Fig, 2 agrees well with that
given by Kojima et al.[6].

CONCLUSIONS

The relation between the conventional and the complex-argument Hermite-
Gaussian beams have been given. Using the relation, the conventional beams
are expressed in terms of the fields excited by the multipoles with complex
source points in the paraxial region. Scattering of beams by two cylinders
has been considered as an application of the expressions. The method used in
this paper is useful for analyzing focusing of laser beams by a cylindrical




lens and can be also extended to scattering of arbitrary configuration of
parallel cylinders.
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Fig. 2. Radiation patterns of E3,. Fig. 3. Radiation patterns of ES5.
—— by dielectric cylinders. —— by dielectric cylinders.
---- by conducting cylinders. ---- by conducting cylinders.
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