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Preface

As the nineteenth century was drawing to a close, there occurred a

rash of technological breakthroughs that would ultimately presage

the information revolution a century later. There was Bell’s tele-

phone in the 1870s, Edison’s carbon microphone and incandescent

light bulb just before 1880, development of early automobiles in the

1880s, Marconi’s wireless telegraph in the 1890s, and many early

experiments in flight which led to the Wright brothers in 1903. In

fact, technology had progressed so rapidly that Albert Michelson,

perhaps the preeminent American scientist of the period, is said

to have remarked in 1894 that the grand underlying theories of

science have been firmly established and the future truths of science

are to be looked for in small changes to known values. It was

even suggested to close the Patent Office. Yet, at the close of the

nineteenth century, we stood on the threshold of one of the greatest

periods of science, in which the entire world and understanding

of science would be shaken to the core and greatly modified. This

explosion of knowledge led ultimately to that same information

revolution that we live in today. Planck and Einstein showed that

light was not continuous, but made of small corpuscles that today we

call photons. Einstein changed the understanding of mechanics with

relativity theory, airplanes became conceivable, radio and television

blossomed, and the microelectronics industry, which drives most

of modern technology, came into being. New areas of science were

greatly expanded and developed, and one of these was quantum

mechanics, which is the story to be told here.

What is interesting is that quantum mechanics may well be

the last area of physical science that clings to the nineteenth-

century views of Ernst Mach. Most people know of him from the

Mach number, the speed of an aircraft relative to the velocity of
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sound. Fewer know that he was the de facto leader of the Viennese

philosophy community in the latter parts of the nineteenth and early

twentieth century. One can perhaps summarize his philosophy by

saying that he did not believe in atoms because he couldn’t see

them. This view stemmed from a belief that reality was contingent

on actual observations or conscious awareness of the event. It

is perhaps best described by the elementary school puzzle as to

whether a tree, falling in the forest, makes a sound if no one is there

to hear it. Perhaps it is worth considering this. One could of course

put a microphone in the forest to record any events that happened.

Then, does the reality of the tree arrive only when we listen to the

recording. Or, indeed, does the recording only become real when we

listen to it. I suspect that rational people would decide otherwise.

Yet, in quantum mechanics, this is still the accepted interpretation

of the field.

It is important to understand that I am using Mach as a symbol

of what has been called by some as “positivism,” although it may

better be referred to as “negativism” when we discuss the theoretical

foundations of modern physics. I am also fully aware that there

were a great number of philosophers of science who contributed

to this, as well as many more modern ones who have modified it.

Nevertheless, I will still use Mach as the paradigm. The reader will

find citations to Philipp Frank as well, and I am fully aware that he

was one of the founders of the Vienna Circle, a group of Austrian

philosophers and physicists, who often were more Machist than

Mach himself. It also is true that a great percentage of scientists at

the start of the twentieth century actually were infected with the

Mach point of view. There certainly was an ongoing dispute between

the positivists and the more realistic views of many physicists. The

rise of quantum mechanics occurred in the midst of these disputes.

Einstein himself is said to have been a devotee when young. But

he rapidly realized that his view of reality could be explained and

advanced with the development of true theory, such as relativity,

particularly special relativity. In Mach’s view, such a theory, without

experimental observation, could not be a description of reality. Yet,

Einstein’s curved space and gravity waves, Dirac’s positrons, and

even Higg’s boson were all accepted by most of science before the

confirming experiments were ever performed. It’s true that Dirac’s
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prediction lay in the field of quantum mechanics, but it was not

accepted by some until the experimental observation of the positron

was made, and they could no longer push it aside.

As remarked above, science and technology progressed tremen-

dously in the 1880s. In technology, this led to an economic boom,

but, as with many such booms, it became overextended. Financial

problems in Argentina (what’s new?) and the failure of several

American railroads led to the financial crash of 1893. In science,

the success of Boltzmann and statistical physics was met with the

antagonism of Mach and his followers, leading to what I will call the

religion of positivism. This continued to grow into the new century

with the founding of the Vienna circle, and similar efforts elsewhere.

Perhaps this rise should be called the intellectual crash of the 1890s.

The high priest of this religion in quantum mechanics was Neils

Bohr, and his viewpoint could be reinforced as most young scientists

of the period felt a need to spend time in Copenhagen. He was

a leader, along with his disciples, in the formulation of quantum

mechanics and thus built this view into the underlying philosophy

of quantum mechanics. Thus the religion was passed on to each

new disciple and bred into the leadership of the coming quantum

revolution. One view is, “Here I only note that those who accept

Bohr’s way of thinking speak of the spirit of Copenhagen . . . while

those who are critical speak of the Copenhagen orthodoxy.”a It was

not all Bohr, but also sermons of his disciples who had passed

through Copenhagen: “he [Bohr] must be approached as a physicist

and not as a philosopher. . . . The problem is . . . that statements . . .

of the standard interpretation or the Copenhagen interpretation of

quantum mechanics are often very far off the mark . . . [and] often

attribute to Bohr conceptions that would more properly reflect those

of Werner Heisenberg, Wolfgang Pauli, or John von Neumann.”b

Nevertheless, these were all affected by an intense subjugation

to Bohr’s pressure, which some have viewed, using a post-WW2

phrase, as brainwashing.

aA. Pais, Niels Bohr’s Times, in Physics, Philosophy, and Polity (Clarendon Press, Oxford,

1991) p. 24.
bP. McEvoy, Niels Bohr: Reflections on Subject and Object (MicroAnalytix, San Francisco,

2000), p. 9.
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There are some who would say that Bohr set back the real

understanding of quantum mechanics by half a century. I believe

they underestimate his role, and it may be something more like a

full century. Whether we call it the Copenhagen interpretation or the

Copenhagen orthodoxy, it is the how for the continuing mysticism

provided by Mach that is still remaining in quantum mechanics. It is

not the why. Why it perseveres and why it was forced on the field in

the first place is an important perception to be studied.

In this book, I want to trace the development of quantum

mechanics and try to uncover the why. Any strong exposition of a

viewpoint is often termed philosophy, but philosophy is the study

of knowledge—what can be known and what is known within these

limits. I am not a philosopher, but I do have strong opinions about

these questions as they pertain to quantum mechanics. To me, the

story involves the same factors that are present in modern scientific

controversies—ego, recognition, status, and the desire to suppress

any views that negatively affect these factors (and, yes, there is some

role to be played by sex). The early pioneers certainly had, and

encountered, all of this. In fact, it is unfortunate that science has not

evolved from these earlier frailties, because these same factors still

impact modern science—one only has to look at global warming to

see that this is still true.

Over the years, I have argued with a great many of my colleagues

over this subject. But, like proper religion, this theological discussion

leads to no agreements or conclusions. Rather, at times it seems

more like tribal apes asserting leadership by beating upon their

chests, much as ancient Vikings beat sword upon shield prior to

major battles if for no other reason than to demonstrate to the

other side their willingness to kill or be killed. Fortunately, these

theological discussions have not come quite so far, at least up until

the present day. Some of these colleagues, with whom I have argued,

profess the standard Copenhagen orthodoxy, while others want to

go further into more radical interpretations. So, in the past few

years, I have resolved to write down my view of history and my

arguments for various interpretations. As for many of my projects,

Stanford Chong of Pan Stanford Publishing encouraged me to go

ahead with the project. I would especially like to thank Jon Bird,

Karl Hess, Alex Kirk, Lavinia Sebastian, Carlo Requiao da Cunha,
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Josef Weinbub, Mihail Nedjalkov, James Huffman, and Laszlo Kish,

who have all suffered through a reading of the drafts of this effort.

They have made a great many suggestions to clarify my not always

understandable logic and often suggested ways to make a point

more clearly. Of course, they have not always succeeded, and any

remaining confusion is just mine alone.
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