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Preface
I am not sure that this book will gain a wide readership. A pure mathematician would
most likely consider it rather old-fashioned that the book is abundant in cumbersome
calculations performed in coordinate form with use made of multilevel indices. Or such a
person would probably find the discussion of details of optical polarization measurements
to be dull. On the other hand, an applied mathematician will likely be confused by
vector bundles, Riemannian connections and Sobolev's spaces. In any case both of them
will not admire my Russian English. Nevertheless, I hope that a young mathematician
(physicist, engineer or computer scientist), skipping through this book, would wish to
get acquaintance with some relevant field of physics (mathematics). In such a case the
aim of the book will be achieved. As for me, I like my subject just for its diversity and
unpredictability. Dealing with integral geometry, one never knows what it will require
next time; today it may be perusing a textbook on commutative algebra and tomorrow,
technical description of an electronic microscope.
What is integral geometry? Since the famous paper by I. Radon in 1917, it has been
agreed that integral geometry problems consist in determining some function or a more
general quantity (cohomology class, tensor field, etc.), which is defined on a manifold,
given its integrals over submanifolds of a prescribed class. In this book we only consider integral geometry problems for which the above-mentioned submanifolds are onedimensional. Strictly speaking, the latter are always geodesies of a given Riemannian
metric and, in particular, straight lines in Euclidean space.
Stimulated by internal demands of mathematics, in recent years integral geometry has
gain a powerful impetus from computer tomography. Now integral geometry serves as the
mathematical background for tomography which in turn provides most of the problems
for the former.
The book deals with integral geometry of symmetric tensor fields. This section of
integral geometry can be viewed as mathematical basis for tomography of anisotropic
media whose interaction with sounding radiation depends essentially on the direction in
which the latter propagates.
As is seen from the table of contents, the main mathematical objects tackled in the
book are termed "ray transform" with various adjectives. I feel it obligatory to explain
the origin of the term, since I am afraid some of readers will not recognize their old crony.
But first I would like to tell a funny story that is popular among scientific translators.
A French poet tried to render Pushkin's verses. Later another poet, having not recognized Pushkin, find the verses to be worthy of translation into Russian. As result of such
double translation, the famous string from Tatyana's letter "I am writing to you, what

can surpass it?" becomes: "I am here, and wholly yours!"
Of course, the reader understands that it is only a colorless English copy of the Russian
original, since I am neither A. S. Pushkin nor even one of the heroes of the story.
Something similar has happened with our crucial term. It is the term "X-ray transform" that is widely spread in western literature on mathematical tomography. In particular, this term is employed in the book [50] by S. Helgason. Rendering the last book
in Russian, the translators encountered the following problem. By the Russian physical
tradition, the term "X-rays" is translated as "peHTrenoBCKHe nyHH" ("the Röntgen rays"
in reverse translation word by word). So the translators had to choose between the two
versions: "peHTrenoBCKoe npeoopaaoBaHne" (the Röntgen transform) or "jiyneBoe npeo6pa3oeaHne" (the ray transform). The second was preferred and so the term "jiyneBoe
npeo6pa3OBaHHe" (the ray transform) had gain wide acceptance in the Russian literature
on tomography. But the friendship of this term with X-rays was lost as a result of the
choice. I have found this circumstance very fortunate for the purposes of my book. Indeed, as the reader will see below, the ray transforms, which are considered in the book,
relates to the optical and seismic rays rather than to X-rays. Therefore, I also prefer to
use the term "the ray transform" without the prefix X- in the English version of the book.
In the course of the first four chapters one and the same operator / is investigated which
is simply called the ray transform without any adjective. In the subsequent chapters, after
introducing other kinds of the ray transform, we refer to the operator / as the longitudinal
ray transform.
I will not retell the contents of the book here. Every chapter is provided with a little
introductory section presenting the posed problems and the results of the chapter. Now
I will only give a remark on the interdependency of chapters.
The first chapter is included with the purpose to motivate formulations of the problems
considered in the remainder of the book. This chapter is oriented to a well-qualified
reader. Therein we use some notions of tensor analysis and Riemannian geometry without
providing definitions in detail. If the reader is not so skilled, then it possible to start
reading with Chapter 2 and return to Chapter 1 after gaining acquaintance with the
main definitions of Chapter 3. Note also that Chapters 4-8 can be read independently of
Chapter 2 to which they are related only in a few episodes.
Some words now are in order about the applied problems treated in the book. In Chapters 5-7 there are discussed some aspects of the theory of propagation of electromagnetic
and elastic waves in slightly anisotropic media. The respective considerations first pursue
of the goal motivating the mathematical objects to be further introduced; no concrete
applied problem is considered here. Section 2.16 is of a quite different character where an
application of the ray transform to some inverse problem of photoelasticity is considered.
Photoelasticity is an interesting branch of experimental physics at the interface between
optics and elasticity theory. In Section 2.16 we consider one of the methods of the branch,
the method of integral photoelasticity, which seems to become a new prospective field of
optical tomography in the nearest future. In this section our investigation is carried out
up to some concrete algorithm which, in the author's opinion, is suitable for use in real
optical measurements.

Perhaps, the applications of integral geometry, which are considered in the book, are
not those most successful or important. I believe that tensor integral geometry will find its
true applications in such fields as lightconductor technology, plasma physics, tomography
of liquid crystals or, probably, in the problem of earthquake prediction. My modest
physical knowledge does not allow me to treat such problems by myself. I would be glad
if one of my readers will address them.
Finally, I wish to express my sincere gratitude to Professor S. S. Kutateladze, the editor
of the book, who took pains to make my Russian English comprehensible if not readable.
I hope that he succeeded.
February, 1994, Novosibirsk.
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