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Algebraic Methods in Quantum Chem-
istry and Physics. By Francisco M. Fernandez
and Eduardo A. Castro. CRC Press, Boca Ra-
ton, FL, 1996. $110.00. vii+269 pp., hardback.
ISBN 0-8493-8292-0.

This is a book on applications of Lie al-
gebras and operator methods in theoret-
ical physics and chemistry, and like any
other book on subjects as vast as these, it
has a point of view that guided the selec-
tion of topics. The authors’ point of view
is to omit the exposure of basic notions
and theorems in the theory of Lie groups
and Lie algebras, assuming that the reader
is familiar with the main ideas and con-
cepts relevant to those fields, and, instead,
to provide some useful mathematical tools
needed for derivation of the theoretical re-
sults in a most economic and elegant way. In
particular, the Campbell-Baker—Hausdorff
formula, disentangling of the exponential
operators, and Liouville transformation re-
ceive such a treatment. At the same time,
this book can serve as a complement to
the standard quantum-mechanical course,
because most of the fundamental notions,
like observables, representations, eigenvec-
tors, eigenvalues, matrix elements, selection
rules, coherent states, equations of motion,
approximation and perturbation methods,
and the Schrédinger, Heisenberg, and inter-
mediate pictures in quantum mechanics are
introduced, explained, and exemplified. It
should be stressed that quantum mechan-
ics per se is a well-established discipline,
and the actual question that arises is: How
should one solve the concrete problem?
Let us also point out that quantum-
mechanical problems capable of exact

solution are not numerous and are tra-
ditionally solved in the textbooks on the
subject mainly by means of Schrodinger’s
wave equation. On the contrary, the opera-
tor methods are usually applied only in a few
instances, like harmonic oscillator and an-
gular momentum problems. The present
book shows that a large number of one- and
some three-dimensional models are solvable
by algebraic, representation-independent
methods relying only on the standard com-
mutation relations. In the more realistic
situations, it is shown how one can enlarge
the above approach by making use of var-
ious combinations of ladder or shift opera-
tors methods, of the virial and hypervirial
theorems, and sometimes of computer cal-
culations in order to find the appropriate
solution. Applications of all these methods
to the calculation of eigenvalues, matrix el-
ements, and wave functions are discussed
in detail and, in many cases, up to nu-
merical evaluations. The concrete physical
problems that receive such treatment in-
clude the computation of the vibrational
overlap integrals (Franck—Condon factors),
some exactly solvable models with spheri-
cal symmetry, and the vibration-rotational
spectrum of diatomic molecules, just to
mention a few. The more mathematically
inclined reader will be pleased to find a clear
exposition (besides the above-mentioned
Campbell-Baker—Hausdorff formula) of the
Magnus theorem, the Fokker—Planck equa-
tion, the Wigner—Kirkwood expansion, and
the Euler—-MacLaurin and Poisson summa-
tion formulae.

In short, this book is a nice introduction
to the use of operator methods in quan-
tum mechanics and chemistry and can also
serve as a reference source because of the
numerous problems solved in it. Without
any doubt, it is quite suitable for use by
students in intermediate quantum mechan-
ics courses and also by more advanced post-
graduate students and researchers who wish
to see how efficient the algebraic methods
are in solving concrete quantum-mechanical
problems. The experienced reader can also
consult some of the relevant competitive
books on the subject (and not cited in this
book), which are listed below in order of
their appearance.
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