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Preface

How this book came about
|

This book is the outcome of a long cherished ambition to write a follow-up to my book
Theoretical Concepts in Physics (TCP2) (Longair, 2003). In that book, I took the story of
the development of theoretical concepts in physics up to the discovery of quanta and the
acceptance by the physics community that quanta and quantisation are essential features of
the new physics of the early twentieth century. There was neither space nor scope to take
that story further — it was just too complicated and would have required more advanced
mathematics than I wished to include in that volume.

This book is my attempt to do for quantum mechanics what I did for classical physics
and relativity in 7CP2. The objective is to try to reconstruct as closely as possible the
way in which quantum mechanics was created out of a mass of diverse experimental data
and mathematical analyses through the period from about 1900 to 1930. In my view,
quantisation and quanta are the greatest discoveries in the physics of the twentieth century.
The phenomena of quantum mechanics have no direct impact upon our consciousness
which to all intents and purposes is a world dominated by classical physics. But quantum
mechanics underlies all the phenomena of matter and radiation and is the basis of essentially
all aspects of civilisation in the twenty-first century.

There is no lack of excellent books on quantum mechanics which is one of the staples of all
courses in undergraduate physics. Most of the successful texts adopt an axiomatic approach
in which quantum mechanics is derived from a set of basic axioms, the consequences
of which are elucidated in the subsequent mathematical elaboration. The first complete
exposition of this approach was Dirac’s classic book Principles of Quantum Mechanics of
1930 which may be thought of as the ultimate goal of this book (Dirac, 1930a). But how
did it all come about? Can we understand why the theory has to be as complex as it is and
how did the interpretation of the formalism come about?

Just as the core of TCP2 was inspired by the essays of Martin J. Klein (1967), so this
book was inspired long ago by the book Sources of Quantum Mechanics edited by B. L. van
der Waerden (1967). 1 had an ambition to use van der Waerden’s book as the basis of the
equivalent of TCP2 for the development of quantum mechanics. This was reinforced by
the appearance of the massive six-volume series The Historical Development of Quantum
Theory by Jagdish Mehra and Helmut Rechenberg which provides a very thorough, au-
thoritative survey of the history of quantum mechanics and which were published between
1982 and 2001 (Mehra and Rechenberg, 1982a,b,c,d, 1987, 2000, 2001). Equally inspiring

Xii
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was The Conceptual Development of Quantum Mechanics by Max Jammer which covers
similar ground in a single volume (Jammer, 1989). Another inspiration was the book Inward
Bound by Abraham Pais (1985) which sets the development of quantum mechanics and
quantum phenomena in a much longer time-frame. In my view, these truly excellent books
are quite hard work and can only be readily appreciated by those who already have a strong
foundation in classical and quantum physics. They are quite a challenge for those seeking
more readily accessible enlightenment.

The historical approach and level of presentation
|

The experience of teaching and writing a number of books convinced me of the value of
rethinking the foundations of physics from a somewhat historical perspective, at the same
time making as few assumptions as is reasonable about the mathematical sophistication of
the reader. As in 7CP2, I assume some fluency in physics and mathematics, but nothing
that would be beyond the first couple of years of the typical course in physics. It is useful
to restate some of the objectives of TCP2 which apply equally to the approach adopted in
this book, in contrast to the standard way in which the subject is tackled.

The origin of TCP2 can be traced to discussions in the Cavendish Laboratory in the mid-
1970s among those of us who were involved in teaching theoretically biased undergraduate
courses. There was a feeling that the syllabuses lacked coherence from the theoretical
perspective and that the students were not quite clear about the scope of physics as opposed
to theoretical physics. As our ideas evolved, it became apparent that a discussion of these
ideas would be of value for all final-year students. The course entitled Theoretical Concepts
in Physics was therefore designed to be given in the summer term in July and August to
undergraduates entering their final year. It was to be strictly non-examinable and entirely
optional. Students obtained no credit from having attended the course beyond an increased
appreciation of physics and theoretical physics. I was invited to give this course of lectures
for the first time, with the considerable challenge of attracting students to 9.00 am lectures on
Mondays, Wednesdays and Fridays during the most glorious summer months in Cambridge.

The course was designed to contain the following elements:

(a) The interaction between experiment and theory. Particular stress would be laid upon
the importance of experiment and, in particular, the role of advanced technology in
leading to theoretical insights.

(b) The importance of having available the appropriate mathematical tools for tackling
theoretical problems.

(c) The theoretical background to the basic concepts of modern physics, emphasising
underlying themes such as symmetry, conservation, invariance, and so on.

(d) The role of approximations and models in physics.

(e) The analysis of real scientific papers in theoretical physics, providing insight into how
professional physicists tackle real problems.
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(f) The consolidation and revision of many of the basic physical concepts which all final-
year undergraduates can reasonably be expected to have at their fingertips.

(g) Finally, to convey my own personal enthusiasm for physics and theoretical physics.
My own research has been in high energy astrophysics and astrophysical cosmology,
but I remain a physicist at heart. My own view is that astronomy, astrophysics and
cosmology are no more than subsets of physics, but applied to the Universe on the large
scale. I am one of the very lucky generation who began research in astrophysics in
the early 1960s and who have witnessed the astonishing revolutions which have taken
place in our understanding of all aspects of the physics of the Universe. But, the same
can be said of all areas of physics. The subject is not a dead, pedagogic discipline, the
only object of which is to provide examination questions for students. It is an active,
extensive subject in a robust state of good health.

My objective in writing Quantum Concepts in Physics has been to adopt the same user-
friendly approach as in TCP2 but now applied to the discovery of quantum mechanics.
I should emphasise that this is a personal approach to the understanding of quantum
mechanics, but it has the great virtue of forcing the writer and reader to think hard about the
issues at stake at each stage in the development through one of the most dramatic periods
in the evolution of our understanding of fundamental processes in physics. One of the
differences as compared with 7CP2 is that somewhat more advanced mathematical tools
have to be introduced to appreciate the full essence of the story. I have tried to lay out the
necessary mathematics in as simple a form as I could devise, without sacrificing rigour. In
my view, final-year undergraduates and their teachers should have little trouble in coping
with these requirements.

Let me also emphasise that this book is not a textbook on quantum mechanics. It is
certainly not a substitute for the systematic development of these topics through the standard
axiomatic approach to the discipline. You should regard this book as a supplement to the
standard courses, but one which I hope will enhance your understanding, appreciation and
enjoyment of the physics. Certainly, I have learned a huge amount about quantum mechanics
through studying the works of genius of the pioneers of the subject.

The challenge

Let me make it clear at the outset that the amount of material which has to be condensed
into a single manageable volume is immense. Some impression of the magnitude of the
task can be appreciated from the almost 4500 pages of the magnificent series by Mehra and
Rechenberg. In addition, the history of physics literature is vast. As a result, I have had to
be selective, and although the course is tortuous, I have had to streamline the story to reach
my goal in a finite space. For further enlightenment, which I thoroughly recommend, there
is no alternative but to delve into the writings of Mehra, Rechenberg, Jammer, Pais and the
many other authors cited in the text.
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I should also confess that, although I have taught numerous courses on quantum physics,
I do not regard myself as a ‘black-belt’ quantum physicist. This has the advantage that I
am embarking on a voyage of personal intellectual discovery as well. I like very much the
splendid remark of Fitzgerald,

‘A Briton wants emotion in his science, something to raise enthusiasm, something with
human interest.” (Fitzgerald, 1902)

I confess to belonging to that school. I hope you will enjoy this adventure as much as I do.

Malcolm Longair
Cambridge and Venice, 2012
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