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THE BOUND STATE ENERGY LEVELS OF MONOPOLE PAIR
AND OF CHARGED MONOPOLE-ELECTRON SYSTEM—-
SOME SINGULAR STATE PROBLEMS IN
RELATIVISTIC QUANTUM
MECHANICS

Dar Xman-x1 Huane Fa-vang N1 GUANG-JIONG
(Fudan Universily Institute of Modern Physics)

ABSTRACT

In this paper four kinds of singular state problems in relativistic quantum me-
chanics and its solutions are summarized. In the references [2,3,5,6, 11}, it has
been pointed out that in some quantum mechanial problems involving: singular states
there exists phase angle uncertainty. The principle eliminating this kind of .unncer-
tainty the orthogonality-variation principle has been obtained in [11]. The re-
sults of scattering and bound state problems of a ‘neutral monopole and a charged
Dirac particle are consistent with those obtained by C. N. Yang, Kazama, and Gold-
haber. In [5], [11] and this paper the Case-type equati’th'determihing thé ‘bound
states of monopole pair and exotic atoms consisting of a charged monopole and an
electron are obtained. In this paper these energy levels are calculated numerically.
Because in these equations the number of singular points is infinite and the fune-
tions oscillate rapidly, usual caleulation methods are not suitable in these cases. After
analysing these equations and determining the positions of singular points and the
ranges of energy levels, these energy levels are calculated by computer.

It is pointed out that the number of these energy levels is infinite and the posi-
tions of positive and negative energy levels are asymmetric. The negative energy
levels do not appear until ¢ is very near —1. The values of the positive energy levels
are spread in the range 0.9998 <Se < 1. They are near those of the hydrogen-like atom
and similar to those of impurity in solid. This is a perturbation problem of singlilar
states to which the usual perturbation theory can not be applied. ,

The energy levels of monopole pair are not similar to those of the hydrogen-like
atom. In the range 0 < |¢] << 0.99 there are many energy levels with positive and
negative energy.

It is also pointed out that for the hydrogen-like atoms, 119 <2< 137, some
negative energy bound state solutions satisfying square integrability condition are
possible. The ordinary standard condition does not exclude these states, but the or-
thogonality eriterion does exclude them. The conclusion is in agreement with that
reached by Professor C. N. Yang.

The results shown suggest that the orthogonality-variation principle is reasona-
ble.



