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Abstract
Since the Lorenz-Mie theory describing the

electromagnetic scattering of a plane wave by a
homogeneous spherical particle, light scattering theories
(and applications) based upon it have essentially
developed along two streams (i) from plane waves to
arbitrary shaped beams and, (ii) from homogeneous
spherical particles to arbitrary shaped particles. The
present paper presents a review devoted to a synthetic and
unified view of these two streams.

1 T-matrix methods.
The unified view mentioned in the abstract relies on

two ingredients (i) an up-to-dated definition of the
expression "T-matrix method" and (ii) the relationship
between expansions of electromagnetic beams in terms of
elementary basis functions such as spherical multipoles or
plane waves.

Regarding the expression "T-matrix method", it is
traditionally considered as synonymous with the Extended
Boundary Condition Method (EBCM). This is somewhat
confusing and misleading as discussed in [1]. We believe
that from now on, a strong clarification of the terminology
is required. A good definition, adapted from a series of T-
matrix reference databases, e.g. [2], may be as follows : In
"a" T-matrix method, the incident and scattered fields are
expanded in series of suitable vector spherical wave
functions (or in an equivalent form), and the relation
between the columns of the respective expansion
coefficients is established by means of a transition matrix
(or T-matrix).

As stated in [2], this definition is more inclusive than
the original notion of the EBCM. Therefore, any method
allowing one to evaluate the components of the T-matrix
may be called "a" T-matrix method. Any scattering theory
relying on "a" T-matrix method then may be said to pertain
to "the" T-matrix formulation. In this paper, we shall
essentially deal with two T-matrix methods, namely EBCM
and GLMT (generalized Lorenz-Mie theory). The second
issue of unification (item (ii) above) will then consist in a
formal way to express the beam shape coefficients of the
GLMT versus the plane wave spectra of EBCM, and vice
versa.

2 Beam shape coefficients and GLMT.
The GLMT deals with the scattering of an arbitrary

shaped beam by a homogeneous spherical particle defined
by its diameter d and its complex refractive index M , by
relying on the method of separation of variables. The
illuminating beam may be described in terms of scalar
potentials, such as the Bromwich scalar potentials, or in
terms of vector spherical wave functions (VSWFs). The
expansion of the illuminating beam in terms of VSWFs
reads as (limiting ourselves to expressions related to the
electric field) [1] :
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in which (1)M and (1)N are Vector Spherical Wave
Functions (VSWFs) of the first type, mna and mnb are
expansion coefficients, k is the wave-number and r is the
position vector. It is valid for any arbitrary beam
description in spherical coordinates, independent of the
shape of the particular scattering particle under
consideration. In the Bromwich scalar formalism of the
GLMT, already introduced in 1982 [3], field expansions are
expressed by using two sets of beam shape coefficients
(BSCs) ,

m
n TMg (associated with the radial component of the

electric field) and ,
m
n TEg (associated with the radial

component of the magnetic field) which have been
originally defined in such a way that they reduce to simple
expressions in the case of axisymmetric beams, including
plane waves [4]. There exists a relationship between the
expansion coefficients of Eq. 1 and the BSCs, e.g. :
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in which pw
nc ("pw" standing for plane wave) are

coefficients naturally appearing in the Bromwich
formulation of the LMT [3]. Eq.2 shows that the expansion
coefficients mnb are of the TM -kind (associated with the
electric field). There exists a similar relation between the
TE -expansion coefficients mna (associated with the
magnetic field) and the BSCs ,

m
n TEg .

The expansion in terms of VSWFs of the scattered beam
reads [1] :
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in which VSWFs are now of the fourth-type where the
time dependence is assumed to be exp( )i t .

From Eqs. 1 and 3, and using the results obtained in the
framework of the GLMT for a homogeneous spherical
particle, we obtain [1] :
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in which the matrix T reads as :
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in which na and nb are the usual scattering coefficients
of the classical LMT, depending only on the particle, and
T is a "degenerate" T-matrix. Actually, because the
expansion coefficients possess two subscripts, the non-
degenerate T-matrix is not a 2x2 matrix but the form of
Eq.5 is here sufficient for our purpose. In particular, we
observe that it does not depend on the arbitrary shaped
beam under discussion, illustrating that ([5], p41) : the
elements of the T-matrix are independent of the incident and
scattered fields. Therefore, problems associated with the
shape of the particles are disconnected from problems
associated with the shape of the beams. The first kind of
problems are solved by any T-matrix method. The second
kind of problems are specific to the illuminating beam
description. In spherical coordinates, this description may
be encoded by the two sets of BSCs ,

m
n TMg and ,

m
n TEg

associated with a set of discrete basis of functions. Another
description may be encoded by two plane wave spectral
components ( , )E

x x yS k k and ( , )E
y x yS k k .

3 Plane wave spectra and EBCM.
The use of plane wave spectra is the standard method

to express arbitrary shaped beams in EBCM. We may
introduce two vectorial plane wave spectra, one ES
associated with the electric field and the other one HS
associated with the magnetic field. The two plane wave
spectral components ( , )E

x x yS k k and ( , )E
y x yS k k may be

defined by Fourier transforms of the transverse
components of the field E in the plane 0z  according to
[6] :
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The other spectral component E
zS and the components

of the magnetic spectral vector ( , , )H
i i x y zS can then be

obtained by using Maxwell's equations, e.g.[7].

4 Relationship between BSCs and spectra.
The description of the illumating beam may then be

expressed in terms of two sets of BSCs or in terms of two
sets of plane wave spectral components. The formal
relationship between these two different descriptions is
established in a companion paper [8]. The results (not the
demonstrations) obtained will be reproduced here and
commented on. In particular the relationship between
BSCs and spectra immediately establishes a relationship
between GLMT and EBCM whose consequences will be
discussed.

5 Reviews.
A better understanding of the material introduced

above will afterward be provided by putting it in
perspective, reviewing different issues as follows.

1. A historical background of the use of plane wave
spectra will be reviewed, particularly in connection with
its use in EBCM.

2. The different particle shapes which have been
investigated by using GLMTs (arbitrary shaped beams)
will be reviewed.

3. The use of EBCM for arbitrary shaped beams will be
reviewed.

4. Different kinds of expansions used to describe
illuminating shaped beams (discrete or continuous basis),
associated with different coordinate systems, including the
distinction between intrinsic and extrinsic methods (e.g.
[6]), will be reviewed, illustrating different aspects of the
theory of representations of arbitrary shaped beams.

5. The different T-matrix methods, beside EBCM and
GLMTs will be reviewed.

6 Problems and solutions to problems.
Recently, a list of problems for future research in

generalized Lorenz-Mie theories and related topics has
been published [10]. The material provided in this paper
and the companion paper [8] provides solutions or hints to
solutions for some problems. These are :

Problem 1 : "Develop a general theory of coordinate
transformations for extrinsic evaluations of beam shape
coefficients". This problem may be better relabeled as
"Develop a general theory of representations for the
description of illuminating beams". The relationship
between BSCs in GLMT and plane wave spectra, as well as
many associated comments, contribute to this problem.
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Problem 12 : "Study computational issues related to the
plane-wave spectrum approach". Elements of information
for this problem will be provided in Review 3 above.

Problem 12 : "Implement a localized model in EBCM".
The new material obtained provides a better
understanding of the problem, and actually also provides
a solution to it.

Problem 14 : "Extend the EBCM to arbitrary-shaped
beams with the use of beam shape coefficients". Similarly,
this problem is now much better understood and new
comments will be provided.

Problem 15 : "Examine the remodeling process of the
angular-spectrum representation". This problem now has a
very clear solution.

Problem 16 : "Examination of the remodeling process of
the angular-spectrum representation for the particular case
of a Gaussian beam ". This problem now also has a
solution.
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