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Abstract

 
The communication modes are a mathematical technique for the

description of structural information in optical fields. These modes are
orthogonal, optimally  connected functions characteristic of the optical system.
Mathematically they are obtained by the singular value decomposition (SVD)
of the operator that represents the field propagation. In this dissertation, the
foundations of the technique are described, and the theory is extended and
applied to a variety of specific systems.

 
In the Fresnel regime, the communication modes are closely related to the

prolate spheroidal wavefunctions (PSWF). Within this approximation, the
numerical propagation of the field in a one-dimensional optical system in terms
of the PSWFs is demonstrated and the problem of assessing the best achievable
realization of a given target field is addressed. Simplified equations for field
propagation are presented. Approximate modes in large-aperture systems are
derived and shown to agree with Gabor's theory on optics and information. The
longitudinal resolution of an axicon is analyzed in terms of the communication
modes. It is shown that in a generalized axicon geometry the communication
modes are expressible in terms of the PSWFs, and that in usual circumstances
a version of the large aperture approximation applies, resulting in quadratic
waves in the aperture domain and sinc functions in the image domain

 
Eigenequations for the communication modes in scalar near-field

diffraction are derived and applied to a simplified scanning near-field optical
microscope (SNOM) geometry. It is suggested that the resolution of a SNOM
system is essentially given by the width of the lowest-order communication
modes. The best-connected mode is shown to effectively reduce to the Green
function.

 
Within the context of random fluctuations the communication modes

are defined for the cross-spectral density of partially coherent fields. These
modes are compared to the well-known coherent modes. Expressions for
the effective degree of coherence are derived, and it is demonstrated that
optical fields of any state of coherence may readily be propagated through
deterministic systems by means of the communication modes. Results are
illustrated numerically in an optical near-field geometry.

 
The communication modes theory is further extended to vector diffraction

on the basis of Maxwell's equations. The polarization properties of the
electromagnetic communication modes as represented by the Stokes
parameters are analyzed numerically for an example of a near-field geometry.
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The work presented in this dissertation shows that the communication
modes are an advanced, versatile tool that can be applied to deterministic and
random, scalar and electromagnetic optical systems in far-field and near-field
arrangements. The method is likely to find further uses in applications such as
polarization microscopy.
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