
Preface 

T h i s book represents an expansion of an article published several 
years ago in Chemical Reviews. T h e preparation of the book was prompted 
by the continuing response to that article, and at the request of many 
readers to prepare an expanded version treating the mathematical and 
physical ideas in greater detail. T h e attempt to accommodate these 
readers, together with my own predilections in the matter, have imparted 
something of a mathematical character to the book. I t would be a 
mistake, however, to suppose that the book is a collection of abstract 
mathematical theorems. W i t h few exceptions, the theorems developed 
are repeatedly used in the theory and interpretation of complex spectra. 
T h e mathematics itself should pose no problem to anyone who has 
completed an introductory course in quantum mechanics. Readers who 
deem themselves insufficiently prepared in linear algebra wi l l find a 
brief survey of the subject in Appendix I . Group theory and the theory 
of product spaces are treated in the text; mathematical questions of a 
somewhat secondary nature are discussed in Appendices I I through V . 

T h e book is primarily addressed to students and research workers 
whose main interests lie in the field of high-resolution nuclear magnetic 
resonance. T h e book could also be used by research workers whose 
interest in the subject stems from its utility in other areas of research. 
There are numerous tables giving formulas for the resonance frequencies 
and intensities of important spin systems, numerical tables of frequencies 
and intensities for commonly occurring two-group systems, figures of 
experimental and theoretical spectra, and a number of general theorems 
on multispin systems, all of which are most useful in expediting the 
interpretation of observed spectra. T h e book could also be used in a 
course in high-resolution nuclear magnetic resonance spectroscopy, or for 
supplementary reading in an elementary course in quantum mechanics. 

T h e first chapter presents a more or less standard introduction to 
the subject and is intended for readers approaching the subject for the 
first time. Chapter 2 develops the quantum mechanical theory of angular 
momentum which is applied in Chapter 3 to the study of magnetic 
moments in external fields. T h e angular momentum of multispin 
systems is discussed in Chapter 4. Chapter 5 develops the general 
theory of steady state spectra, wi th special reference to the concept of 
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a group of magnetically equivalent nuclei and the concept of an irredu-
cible component of a multispin system. These concepts are applied in 
Chapter 6 to the A n A B n ß systems, and in Chapter 7 to the Α ^ Α Β Χ η χ 

systems. Chapter 7 also includes a general discussion of perturbation 
theory and moment calculations. The theory of groups is discussed in 
Chapter 8, with particular reference to projection operators and their 
use in the construction of symmetrized bases. These developments, 
together with the concept of an irreducible component, provide the 
theoretical basis for the subsequent discussion of symmetrical systems. 
The concluding chapter presents an introduction to multiple quantum 
transitions, double resonance and spin echo experiments. 

I am indebted to many friends and colleagues whose generous assistance 
materially lightened my task. However, precedence must be given to a 
more fundamental debt. I refer to my indebtedness to the corporate 
management of the Mobil Oil Corporation—especially to Dr. R. W. 
Schiessler, General Manager of the Research Department—for placing 
time and the facilities of the Central Research Division Laboratory at 
my disposal. I also wish to express my gratitude to Dr. P. D. Caesar, 
Mr. M. L. Deutsch, Dr. J . P. McCullough, and Dr. C. D. Prater for 
their continued interest and encouragement which were positively 
demonstrated on many occasions. 

I have benefited by the advice and suggestions of Dr. R. A. Albert, 
Professor B. P. Dailey, Dr. R. C. Hirst, and Professor P. C. Lauterbur, 
who read all or some part of the manuscript. I am particularly grateful 
to Dr. R. A. Albert, Dr. R. C. Hirst, and Mr. B. Wichnoski for assisting 
with the proofreading. I wish to thank Dr. L. G. Alexakos for providing 
the spectrum of chlorine trifluoride, Dr. R. C. Hirst for providing the 
spectrum of 2,6-dichlorofluorobenzene, and Mr. P. Yajko for the double 
resonance spectra of trimethylphosphite and formamide. I am indebted 
to Dr. G. C. Finger of the Illinois State Geological Survey for providing 
a sample of 2-fluoro-4,6-dichlorophenol, to Dr. P. S. Landis for synthe-
sizing a number of thiophene derivatives, and to Dr. W. O. Haag for 
synthesizing l,l-di-neopentyl-2-£-butylethylene. I am also indebted 
to Dr. W. A. Anderson, Dr. R. Freeman, Professor E. L. Hahn, 
Dr. D. H. Whiffen, the American Chemical Society, the American 
Institute of Physics, The Institute of Physics and The Physical Society, 
for permission to reproduce material originally published in Chemical 

Reviews, Journal of Chemical Physics, Physical Review, and Proceedings 

of The Physical Society. Finally, I wish to thank Mrs. Eugenie Cox, 
who typed most of the manuscript. 
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