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Problems of laser radiation scattering in photonics

and biophotonics

I.V. Meglinski, V.L. Kuzmin, A.V. Priezzhev

Special issues Nos 11 and 12, 2006 and No. 1, 2007 of
Quantum Electronics are devoted to the effects of multiple
scattering of optical/laser radiation in random media as
applied to different problems of photonics and biopho-
tonics.

Due to the recent intense development of high tech-
nologies, a stable tendency to a wider application of laser/
optical systems and optoelectronic devices for diagnostics of
random strongly scattering media is observed in different
fields of science and technology. Such media include
turbulent atmosphere, ocean, fog, rain, snow, dust, smoke,
industrial aerosols and sprays, gels, blood samples and
biotissues, dairy and vegetable products, polymers, liquid
crystals, colloid media, paper, etc. Examples of the diag-
nostic problems being solved are reconstruction, processing
and transmission of images of the internal structure of
objects (optical tomography) and, determination of impor-
tant physiological parameters of a body such as the content
of oxygen, glucose and other substances in blood by the
character of light propagation and scattering in tissues and
many others.

A wide scope of scientific and technological directions
based on generation, detection and transformation and
propagation of light in various media was termed ‘pho-
tonics’ (in analogy with ‘electronics’), because it is photons
that are the carriers of useful information, which allows one,
in particular, to reconstruct images of the internal structure
of the medium under study. Due to the intense use of optical
methods in biology and medicine for the last few years, a
new direction of research, namely biophotonics, has
appeared. At present the development of biophotonics is
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related to the elaboration of fundamentally new methods of
non-invasive diagnostics and laser/optical tomography and
to their direct use in modern medical and biological studies.

The development of photonics and biophotonics is based
on the solution of the fundamental problem of the prop-
agation and scattering of electromagnetic radiation in
random strongly scattering media. This description is, as
a rule, based on one of two approaches. The consistent field
approach involves the solution of the Maxwell wave
equation for a random configuration of scatterers in a
dielectric medium followed by averaging. The advantage
of this approach is the initial consideration of the coherent
radiation properties; however, its complexity consists in the
fact that due to high density and random distribution of
particles, which is typical for a majority of the above-
mentioned media, the incident wave experiences multiple
scattering. This stipulates the necessity of a complex and
special consideration of the total wave field, which produces
the detected optical signal. Another approach consists in the
description of the radiation intensity transfer and forms the
basis of the corpuscular method for numerical simulation,
which uses the concept of photon packet transfer experienc-
ing a number of random scattering events. Within the
framework of this approach, the effects related to the
coherence of the incident radiation have been described,
such as coherent backscattering and intensity correlation. In
these issues papers are presented using both field and
corpuscular approaches.

The use of different light sources and probe regimes in
practice requires the solution of the problems of propaga-
tion of cw and modulated radiation in strongly scattering
media, as well as ultrashort (femtosecond) laser pulses with
different polarisation states. These problems are based on
the stationary and nonstationary equations of the radiation
transfer, which cannot be solved in the general form. The
search for reasonable approximations here also deserves
special attention.

The published papers reflect the state of the art of
theoretical and experimental studies of problems of light
scattering in photonics and biophotonics performed in
Russia and abroad.



