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Special symbols

Notation

Function
Rectangle I(z)
Triangle A(r) =
Heaviside unit step H(x)
Sign (signum) sgn r =
Impulse symbol* o()

Sampling or replicating symbol* III(r) = Z é(r —n)

Even impulse pair 11(x)
Odd impulse pair "(z)
Filtering or interpolating sinc .r

Asterisk notation for

0 + 3) + 38(x — 2)
20(r + %) — 38 — 3)

. fr) wg@) = [ fugle = w) du
convolution ~w
Asterisk notation for serial AT i A »
products it + dgil {Z_f,g._;}
Pentagram notation f(x) * g(z) = /:, flu)g{r + u) du
Various two-dimensional Al(z,y) = I(x)[1(y)
functions 23(r,y) = 6(z) 6(y)

1I(r,y) = HI(x)II1(y)

*sine (r.y)

sinc r sine y

Guide to reference data

Summary of special symbols
Oddness and evenness

Conjugates

Fourier transforms

Theorems for Fourier transform
Correspondences in the two domains
Laplace transforms

Two-dimensional Fourier transforms
Three-dimensional Fourier transforms
Hankel transforms

Mellin transforms

z transforms

Abel transforms

Hilbert transforms

66, 67

14, 15

17

100, 123, 364, 385
122, 183, 367
178, 178

224, 227
244-245

2538

249

255, 257
260, 261

| 264

272
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Joseph Fourier, 21 March 1768-16 May 1830. (By permission of the
Bibliotheque Municipale de Grenoble.)
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Fourier’s theorem is not only one of the most
beautiful results of modern analysis, but it may be
said to furnish an indispensable instrument in the
treatment of nearly every recondite question in
modern physics.

Lord Kelvin



Note on 1986 Revision

Developments based on Hartley's formulas (page 179) have madde it
possible to dispense with imaginaries in the computation of Fourier
transforms. In fact, in any application where Fourier analysis is practiced
it is now possible in numerical work to proceed elegantly and simply using
the real Hartley formalism. In computing, a speed advantage, or reduction
in the space allocatedito memory, results from the fact that multiplying
complex numbers takes four times longer than multiplying real numbers;
which leads to a net advantage of a factor of 2 in computing with real data
when account is taken of the nonredundancy of the Hartley transform.
The new ideas and a demonstration computer program are now introduced
in Chapters 19 and 20. For a more detailed treatment, see R. N. Bracewell,
“The Hartley Transform,” Oxford University Press, 1986. For historical
interest a chapter on the fascinating life of Joseph Fourier has also been
added.

Ronald N. Bracewell



Preface to the Second Edition

The unifying role played by the Fourier transform in linking together the
diverse fields mentioned in the original preface has now firmly established
transform methods at the heart of the electrical engineering curriculum.
Computing and data processing, which have emerged as large curricular
segments, though rather different in character from circuits, electronics,
and waves, nevertheless do share a common bhond through the Fourier
transform. Consequently, the subject matter has easily moved into the
pivotal role foreseen for it, and fzculty members from various specialties
have found themselves comfortable teaching it. The course is taken by
first-year graduate students, especially students arriving from other uni-
versities, and increasingly by students in the last year of their bachelor’s
degree.

Introduction of the fast Fourier transform (FFT) algorithm has greatly
broadened the scope of application of the Fourier transform to data
handling and has brought prominence to the discrete Fourier transform
(DFT). The technological revolution brought about by these topics, now
treated in a new Chapter 18, is only beginning to be felt, but will make
an understanding of Fourier notions (such as aliasing, which only aficiona-
dos knew about) indispensable to any engineer who handles masses of
data. In the future this will mean nearly everyone.

Transforms presented graphically in the Pictorial Dictionary proved to
be a useful reference feature and have been added to. Graphical presenta-
tion adds a new dimension to the published compilations of integral
transforms where it is sometimes frustrating to seek commonly needed
entires among the profusion of rare cases. In addition, simple functions
that are impulsive, discontinuous, or defined piecewise may not be in-
‘cluded or may be hard to recognize.

A good problem assigned at the right stage can be extremely valuable
for the student, but a good problem is hard to compose. Among the collec-
tion of supplementary problems now included at the end of the hook are

xvil



xviil PREFACE TO THE SECOND EDITION

several that go beyond being mathematical exercises by inclusion of tech-
nical background or by asking for opinions.

Notation is a vital adjunct to thinking and I am happy to report that
the sinc function, which we learned from P. M. Woodward’s book, is alive
and well and surviving erosion by occasional authors who do not know
that “‘sine x over x”’ is not the sinc function. The unit rectangle function
(unit height and width) II(z), the transform of the sinc function, has also
proved extremely useful, especially for blackboard work. In typescript or
other circumstances where the Greek letter is less desirable, II(x) may be
written ‘“‘rect x,”” and it is convenien{ in any case to pronounce it rect.
The shah function III(x) has caught on. It is easy to type and is twice as
useful as you might think because it is its own transform. The asterisk
for convolution, which was in use a long time ago by Volterra and perhaps
earlier, is now in wide use and I recommend ** to denote two-dimensional
convolution, which has come into extensive use as a result of the explosive
growth of image processing.

Early emphasis on convolution in a text on Fourier transforms turned
out to be exactly the right way to go. Convolution has changed in a few
years from being presented as a rather advanced concept to one that can
easily be explained at an early stage as is fitting for an operation that
describes all those systems that respond sinusoidally when you shake
them sinusoidally.

Ronald N. Bracewell



Preface to the First Edition

Transform methods provide a unifying mathematical approach to the
study of electrical networks, devices for energy conversion and control,
antennas, and other components of electrical systems, as well as to com-
plete linear systems whether electrical or not. These same methods apply
equally to the subjects of electrical communication, radio propagation, and
ionized media—which are concerned in the interconnection of electrical
systems—and to information theory which, among other things, relates to
the acquisition, processing, and presentation of data. Other theoretical
techniques are used in handling these basic fields of electrical engineering,
but transform methods are virtually indispensable in all of them.

A course on transforms and their applications has formed part of the
electrical engineering curriculum at Stanford University for some years,
and has been given with no prerequisites which the holder of a bachelor’s
degree does not normally possess. One objective has been to develop a
pivotal course to be taken at an early stage by all graduates, so that in
later, more specialized courses, the student would be spared encountering
the same basic material over and over again, and the instructor would be
-able to proceed more directly to his special subject matter.

It is clearly not feasible to give the whole of linear mathematics in a
single course, and the choice of material must necessarily remain a matter
of judgment. The choice must, however, be sharply defined if later in-
structors are to rely on it.

An early-level course should be simple, but not trivial; the objective
of this book is to simplify the presentation of many key topics that are
ordinarily dealt with in advanced contexts by -making use of suitable
notation and an approach through convolution.

xix
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The organization of chapters is as follows:
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One way of working from the book is to take the chapters in numerical
order. This sequence is feasible for students who can read the first half
unassisted, or who can be taken through it rapidly in a few lectures, but
if the material is approached at a more normal pace, then as a practical
teaching matter, it is desirable to illustrate the theorems and concepts by
dealing simultaneously with .a physical topic, such as waveforms and their
spectra (Chapter 9), for which the student already has some feeling.

The amount of material is suitable for one semester, or for one quarter,
according to how many of the later chapters on applications are included.

Many fine mathematical texts on the Fourier transform have been
published. This book differs in that it is intended for those who are con-
cerned with applying Fourier transforms to physical situations rather than
with furthering the mathematical subject as such. The connections of the
Fourier transform with other transforms are also explored, and the text
has been purposely enriched with condensed information that will suit it
for use as a reference source for transform pairs and theorems pertaining
to transforms.

My interest in the subject was fired when I was studying analysis from
Carslaw’s “Fourier Series and Integrals” at the University of Sydney in
1939; more recently I have applied transform methods to various problems
arising in connection with directive antennas, a subject that is touched on
only briefly in this book, but which may be followed up by reference to
the “Encyclopedia of Physics” (vol. 54, S. Fliigge, ed., Springer-Verlag,
Berlin, 1962). In solving these problems I benefited from the physical
approach to the Fourier transformation that I learned from J. A. Ratcliffe
at the Cavendish Laboratory, Cambridge.

Ronald N. Bracewell
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