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Preface

T accepted the appointment to write this book several
years ago, bust just finished by now. The delay is partially
owing t0 my early persuasion that books are written only
by those who have no energy to conduct active research any
more, For my colleagues home and abroad, es well ag my
students, gave me a lot of pushes and encouragement, how-
ever, I devoted the days and nights of the past six months
10 putting most of my research in the 16 years into a book.
If the year-by-year research is persistent cultivation, the
completion of the book ig just the harvest; if the inquiries
and explorations are like casting nets into the vast ocean of
scientific knowledge, the summary is the collection of gains.

I+ was when I was in the middle school that I was deeply
attracted by quantum mechanics, the governer of the micro-
scopic world, but I didn’t begin to read any book about i%
until bhaving got the elementary knowledge about mathe-
matics and physics in the two years following my enrollment
in university. Although having read the leading chapters of
“The Principles of Quantum Mechanics” by Dirac many
times, I still felt that my understanding about the complete-

+ o0
ness of coordinate representation J dglg><{g| =1 was very

J dgq n><.ql

then? During those days I deemed the integral meaningful,

shallow, what’s the “value” of the integral




Preface 7

because |[¢) is the eigenstate of the coordinate operator,

where ¢ is a real number, When >0,

_g_> ig in the set of
7

eigenstates of coordinate operator, but I didn’t know how to
perform this integral. So two questions haunted in my
mind: Why not execute it since it’s an integral? What phys-
ical meaning does it bear? For all normal educational activ-
ities were held up by the “Cutural Revolution”, these ques-
tions didn’t find their solutions until the late 1970s when
my knowledge was enough to trigger sparks in my mind.
It’s well known that any revolutionary progress in
physics lies in the divestment of prejudices and innovations
in concepts and methods. Completely oringinal opinions
were introduced in the beginning of this century when quan-
tum mechanics germinated. Planck introduced the concept
of energy quantum, and later Bohr pointed out the quantiz-
ing conditions for stationary states, which showed that
some physical quantities connecting two states were neces-
gary to further development of physics, and finally enlight-
ened Heisenberg to express these quantities in the form of
matrices, revealing that there is some kind of correspondence
between matrix and mechanical variable. Based on the fore-
going developments, Dirac noticed that it was inevitable
for physicists to communicate with the mechanical variables
of non-commutable algebra, and he felt the necessity of the
theory of q-number, in which the g-number is independent
of any matrix representation, simillar to tensors independ-
ent of coordinate system. In combining with Schrodinger’s
conceps of state vectors, he introduced “ket”, developed the
relations between g-numbers and kets and finally produced
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the symbolic method. He said: in *the principles of Quanium
Mechanies”, which was firstly published in 1929, “:-- the
symbolic method -+ deals directly in an abstract way with
the quantities of fundamental imporiance ---* In this sense
we can say that symbolic method bears the same meaning ag
Dirac’s g-number theory.

If one considers symbolic method only a mathematical
method, he acetually failes to grasp the revolutionary contri-
bution Dirac made to physical concepts in quantum mech-
anics. Just as Dirac said: “a book on the new physics, if net
purely descriptive of experimental work, must be essentially
mathematical. All the same the mathematics is only a tool
and one should learn to hold the physical ideas in one’s mind
without referring to the mathematical form”. For “The sym-
bolic method -+ seems to go more deeply into the nature of
things”, “physicists once have to be used t0 these new conce-
pts of g-numbers and state vectors”.

Rinstein said: “In the science of physics, the way to the
more deeply elementary knowledge is connected with the
most precise mathematical methods”. Yo this Dirac felt no
doubt. In the preface to the first edition of “the Principles
of Quantum Mechanies”, he said: “(The symbolic method)
will be increasingly used in the future as it becomes better
understood and its own special mathematics gets developed.”

The suthor tries to Tealize the anticipation of Dirac, to
develop his symbolic methed, i.e. g-number, and to find
new ways o get new g-numbers. To innovatively develop
some discipline, one must be ready $0 propound gquestions,
be sensitive to discern the unconventional from the conven-
tional and 1o see new ideas in the ordinary. In this book,



