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Preface

The orthogonality of functions has been exploited in
communications since its very beginning. Conscious and
extensive use was made of it by KOTEL'NIKOV in theoretical
work in 1947. Ten years later a considerable number of
people were working in this field rather independently.
However, little experimental use could be made of the theo-
retical results before the arrival of solid state opera-
tional amplifiers and integrated circuits.

A theoryof communication based on orthogonal functions
could ‘have been published many years ago. However, the only
useful examples of orthogonal functions at that time were
sine-cosine functions and block pulses, and this made the
theory appear to be a complicated way to derive known re-
sults. It was again the advance of semiconductor techno-
logy that produced the first really new, useful example
of orthogonal functions: the little-known Walsh functions.
In this book emphasis is placed on the Walsh functions,
since ample literature is available on sine-cosine func-
tions as well as on block pulses and pulses derived from
them.

There are two major reasons why so few orthogonal func-
tions are of practical interest in communications. First,
a number of mathematical features other than orthogonality
are required, such as completeness or 'good' multiplication
and shift theorems. One quickly learns to appreciate the
usefulness of multiplication and shift theorems of sine-
cosine functions for multiplexing and mobile radio trans-
mission, whenever one tries to duplicate these applications
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by other functions. The second reason is that the functions
must be easy to produce. The severity of this second re-
quirement is readily comprehended if one tries to think
of systems of functions of which a million or more can be
actually produced.

Prior to 1960 is was mainly the orthogonality feature
that attracted attention in connection with the transmis-
sionof digital signals in the presence of noise. But sooner
or later the question had to be raised of why the ortho-
gonal system of sine and cosine functions should be treated
differently from other systems of orthogonal functions.
This question led to the generalization of the concept of
frequency and of such concepts derived from it as frequency
power spectrum or frequency response of attenuation and
phase shift. The Walsh functions made it possible to de-
sign practical filters and multiplex equipment based on
this generalization of frequency.

Any theory in engineering must offer not only some new
understanding, but must lead to new equipment and this
equipment must be economically competitive. A considerable
variety of equipment using orthogonal functions has been
developed, but there is still much controversy about the
economic potential. This is due to some extend to problems
of compatibility, which always tend to favor previously
introduced equipment and methods. In the particular case
of Walsh functions, the economic competitiveness is inti-
mately connected to the state of the art in binary digital
circuits. It is, e.g., difficult to see why Walsh functions
should not be as important for digital filters as sine-
cosine functions are for linear, time-invariant networks.

The author's work in the area of orthogonal functions
has been sponsored for many years by the Bundesministerium
der Verteidigung der Republik Deutschland; he wants to
take this opportunity to thank Prof.F.A.FISCHER, Dr.E.
SCHULZE and Dr.M.SCHOLZ for their continued support. Dr.
E.SCHLICKE of Allen-Bradley Co. was among the first to
encourage and stimulate work on the engineering applica-
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tions of Walsh functions; the author is greatly indebted
to him. Help has been rendered further in scientific as
well as administrative problems by the following gentlemen:
Prof. F.H. LANGE of Rostock University, Prof. G. LOCHS of
Innsbruck University, Dipl.Ing.W.EBENAU and Dr.H.HUBNER
of the Deutsche Bundespost (FTZ-FI Darmstadt), Dipl.Phys.
N.EILERS of Bosch GmbH, the late Dr.E.KETTEL of AEG-Tele-
funken AG, Prof.K.VON SANDEN and Prof.J.FISCHER of Karls-
ruhe University, Prof.G.ULRICH of Technische Hochschule
Ilmenau, Prof.H.LUEG of Technische Hochschule Aachen and
Prof. J. KANE of the University of Southern California.
Thanks are particularly due to Prof.K.KUPFMULLER of Tech-
nische Hochschule Darmstadt who showed great interest and
encouraged the study of the applications described in this
book.

Dr.F.PICHLER of Linz University, Dr.L.TIRKSCHLEIT of
Mannheim University and Dr.P.WEISS of Innsbruck University
were of great help in improving the mathematical seltions
of the book. Prof.D.OLSON of St.0laf College, lMrs.dJ.OLSON
and Mr.J.LEE of International Telephone and Telegraph Co.
devoted much time to the editing of the manuskript, a
thankless as well as indispensable task. Many of the pic-
tures in this book were first published in the Archiv der
elektrischen Ubertragung; Mr.F.RUHMANN of S.Hirzel-Verlag
courteously permitted their use. Last but not least, thanks
are due to Mrs.F.HAASE for the typing and to my wife Dr.
E.HARMUTH-HOENE for the proof-reading.

January 1969 Henning F. Harmuth
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