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In 1964 Giirsey and Radicati, and inde-
pendently Sakita, proposed spin—unitary-
spin symmetry SU(6) for hadrons. This
was patterned on the nonrelativistic spin-
isospin symmetry SU(4) proposed by
Wigner for nuclear physics. The SU(6)
symmetry was eminently successful in
explaining the observed spectrum of
low-lying mesons and baryons, their
masses (Bég-Singh mass formulae) and
their magnetic moments (Bég-Lee and
Pais). In view of this impressive success
there was feverish activity to find a rela-
tivistic generalization of SU(6). Even-
tually it was realized by McGlinn,
O’Raifeartaigh and others that it is not
possible to combine internal symmetries
with Poincaré symmetry (relativistic inva-
riance) in a non-trivial way. The best result
of this kind is that given by Coleman—
Mandula theorem. In all these papers it
was assumed that the internal symmetry
generators were bosonic. Nobody in those
days could even imagine that they could
be anything else. If the possibility that
internal symmetry generator can be fer-
mionic had been entertained at that time
then one would have discovered super-
symmetry in late nineteen sixties. In
view of this missed opportunity, the super-
symmetry was first discovered only in
1971 in the context of string theory in the
guise of ‘World-sheet supersymmetry’, by
Gervais and Sakita. It was later extended
to four-dimensional field theories by
Wess and Zumino in 1974. Independently
it was also discovered in Russia by
Gol’tand and Likhtman in 1971 and by
Volkov and Akulov in 1973, but these
papers did not catch the attention of the
physics community. Supersymmetry is
now strongly believed to be an important
ingredient in our understanding of high
energy physics. It is believed that a uni-
fied description of all the fundamental
interactions would require the existence
of supersymmetry.

Exact supersymmetry would require for
each known fermion a bosonic partner
with the same mass and vice versa. Since
this is not observed, the supersymmetry
must be dynamically broken. In super-
symmetric theories, the Hamiltonian is
the sum of squares of various supersym-
metric charges. Thus energy is automa-
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tically a semipositive definite for all the
states. If a vacuum state with lowest pos-
sible energy i.e. zero exists, then it must
be annihilated by all the supercharges
acting on it, i.e. the vacuum state is fully
supersymmetric. Since the symmetry of
the vacuum is the symmetry of the
theory, it follows that the supersymmetry
is unbroken. This looked like an impasse.
In order to understand how a dynamical
breakdown of supersymmetry could pos-
sibly occur, Edward Witten introduced in
1981 a simplified model, ‘supersymmet-
ric quantum mechanics’. The model has
two supercharges O and Q', which obey
0*=0"=0, and the Hamiltonian H =
00"+ 0'0. More explicitly, with Q=
Q, +iQ, we can realize the system through

the following choice (p = %a/ax)

1
O = E(Glp +0,W(x)),

1
O, = E(Gzp -6 W (x)),

2, 2
H=01+0
1 (pz 2 dW)
=5 +W +63 -/

wherec|, G,, 63 are the usual Pauli matri-
ces. A study of this model showed that
when the supersymmetry is dynamically
broken, the ground state energy is non-
zero and positive. This model is related
to potential theory in nonrelativistic quan-
tum mechanics with potentials Vi (x)
given by

Vi(x):%(Wzi%V).
The biggest impact of supersymmetric
quantum mechanics has been in the area
of exactly solvable potential models. A
crucial ingredient in this has been the
concept of ‘shape invariant’ potential
introduced by Gendenshtein in 1983. If
the potentials Vi (x) are related to each
other by

Vi(x,a))=V_(x,a;)+ R(ay),

where a,, a; are sets of parameters, then
these potentials are called ‘shape invari-
ant’. The problem of general characteri-
zation of all such potentials with arbitrary
relationship between the set of parame-
ters a, and a; is still unsolved. If the para-
meters a, are related to the parameters a,
by a translation, then we already obtain

all the usual well-known solvable poten-
tials such as shifted oscillator, three-
dimensional oscillator, Coulomb, Morse,
Scarf I (trigonometric), Scarf II (hyper-
bolic), Rosen—Morse 1 (trigonometric),
Rosen—Morse II (hyperbolic), Eckart and
Poschl-Teller potential; quite an impres-
sive list. Another solvable case for the
potentials is when the parameters a, and
a, are related by scaling. More general
relationships have been only investigated
partially so far. The method of shape
invariant supersymmetric potentials also
throw light on earlier methods like the
factorization method of Infeld and Hull.

In the first three chapters of this mono-
graph the authors describe preliminaries
relating to one-dimensional Schrodinger
equation and factorization of a general
Hamiltonian after a brief introduction.
The shape invariance is treated in the
fourth chapter. These techniques are then
applied to the problem of charged parti-
cles in external electromagnetic fields.
The method of supersymmetry proves quite
powerful to obtain isospectral Hamil-
tonians, i.e. to construct a n-parameter
family of potentials having bound states,
and scattering data, identical to a given
potential. This is related to exact multi-
soliton solution of a number of nonlinear
equations such as Korteweg-de Vries equ-
ation. Apart from Schrédinger Hamilto-
nians having discrete and/or continuum
spectra, the authors discuss the case of
periodic potentials having band spectra.
They discover a whole new set of perio-
dic potentials which have exactly solv-
able band spectrum. The remaining two
chapters treat approximation methods in
supersymmetric quantum mechanics, viz.
supersymmetric WKB approximation and
perturbation theory.

The authors of this monograph have
made significant contributions to this field,
especially those related to systematics of
shape invariant potentials, new exact
models of band structure and WKB
approximation. They have produced a
delightful monograph on the subject. The
usefulness of this monograph is further
enhanced by a set of exercises given with
each chapter.
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