ART OF FUGUE
Variations on Science, Music and Society

by Vladimir Chaloupka
       Vladi Chaloupka was born in what is now the Czech Republic, when it was under Nazi occupation. He grew up in the country subsequently dominated by the Soviet Union. In 1968 he experienced a “shock and awe” invasion, and escaped to Switzerland. There he obtained his PhD in Physics from the University of Geneva, and worked as a particle physicist at CERN. In 1975 he moved to the Stanford Linear Accelerator Center in California, and in 1981 he came to the University of Washington. After a career in experimental elementary particle physics, he is now working on merging his life experience with his three passions: science, music and human affairs, into one coherent whole.

     At the University of Washington, Dr. Chaloupka is Professor of Physics, Adjunct Professor at the School of Music, and Adjunct Professor at the Henry M. Jackson School of International Studies. He lives in a cabin on a forest glade 25 miles east of Seattle, where he can play organ at night without disturbing any (human) neighbors.
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    This book is for anyone curious about the Universe and about the affairs of human beings who play such a fascinating role -  both breathtaking and negligible, compared to the scales of time and space. Its discussions of Modern Science should be accessible to readers who never took High School physics, yet interesting to scientists after spending the day in their offices and laboratories. An investigation of why Bach’s last fugue is unfinished may, conceivably, intrigue a Professor of Music, while entertaining someone not trained in deciphering the intricacies of sheet music. And – it is hoped - the difficulties and the urgency of a deep rethinking of some very fundamental aspects of how we arrange our affairs will be appreciated by some readers. Writing for such a diverse audience is admittedly a tall order for a writer. The author, being a (recovering) experimental physicist, has conducted many empirical tests of his ability to accomplish all this, by teaching University courses for mixed audiences of science- and non-science majors, and he hopes this is reflected in the book you have in front of you.
Status of the Manuscript
The outline and the first chapter are included below. The individual fugues from Bach’s Kunst der Fuge serve as a connecting thread between discussions of issues of science, culture  and society. The rest of the book is in various stages of completion; I am now looking for a publisher – this, I hope, will force me to finally finish the project. Any comments and suggestions will be much appreciated (to vladi@uw.edu).
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PRELUDE
Outlining the background of the author

and the motivation for the book

    Shortly after I arrived at the Stanford Linear Accelerator Center in 1975, with a fresh PhD in Physics and somewhat broken English, I was invited to give a lecture at Caltech. The subject of my talk was the last experiment I worked on in Europe before coming to America. The experiment was somewhat unusual – we investigated the annihilations of antiprotons of very low energies in a bubble chamber. In order to get such slow antiprotons into the chamber, we had to use a superconducting tube which “freezes out” the magnetic field which would otherwise deflect the beam of particles. 
    So I was looking forward to giving the talk. The only thing which worried me was Richard Feynman. I had heard that – as wise and as kind as he was in general -  he was capable of utterly demolishing a speaker. My only hope was that this being an experimental talk and Feynman a Nobel prize winning theorist, he simply wouldn’t be there. My heart sank very low when I entered the room. Feynman was already there, in the first row. 

     Somehow I managed to get started, and to my growing astonishment and eventually delight, Feynman seemed to be on his best behavior. He was genuinely interested in the subject, his questions were friendly, and after the talk, after everyone else was gone, he spent nearly an hour with me at the blackboard, exploring the implications of the experiment.

     Needless to say, I was overwhelmed. This was my first seminar at Caltech, and I was well treated by the great Feynman! I cannot deny that my ego kept me awake for most of the night. I, Vladimir - having come from a small Slavic country, with an unfortunate first name (“Oh nice meeting you, Vladimir. How are things in Russia?” …”Excuse me, but I am not a Russian – on the contrary, I am a Czech!” - note that this was shortly after 1968 and I had left the country because of the Soviet-led invasion …) - I have made it in America!
     Upon return to Stanford, I mentioned the story to an older colleague. And he told me that as far as he knew, Feynman was mercilessly critical only to people at or near his own level – to all others he was very kind, provided they were not conceited fools.
      I only discovered the full importance of the concepts of exuberance and humility rather late in life, but it may be that this episode played a role in my development from an awe-struck experimental physicist to an old College Professor - reading, researching and teaching on topics from Quantum Computing to Bach’s Art of Fugue, on the issues of exuberance and humility, and on the value of doubt.  
A Worldview inspired by Science
    Unfortunately, one can only imagine what Richard Feynman would have thought about the recent article in the NYTimes about “Taking Science on Faith”. Paul Davies, Professor of Physics and recipient of the 1995 Templeton prize, argues that “science has its own faith-based belief system” and that “until science comes up with a testable theory of the laws of the universe, its claim to be free of faith is manifestly bogus.”
    Fortunately, Feynman left us an extensive record of writings and lecture transcripts dealing not just with physics, but with the ‘philosophical’ questions as well. There will be much discussion of his views in this book, and this is just a Prelude, so here is a quote from another thoughtful physicist who disposes of Davies’ claim in one sentence. In his “Dreams of a Final Theory”, Steven Weinberg (Physics Nobel prize 1979) writes:
“the only way that any sort of science can proceed is to as​sume that there is no divine intervention and to see how far one can get with this assumption.”
And indeed, scientists don’t have to believe that nature is knowable – they just assume it is, and are prepared to give up if it no longer works. This does not seem anywhere in sight, but if it does happen one day, or rather – if we find the going more and more difficult, with ever diminishing returns - we will simply and humbly say: we seem to have reached our limits.

     In essence, science is a very pragmatic, almost opportunistic enterprise, and it might appear surprising that it may serve as an inspiration for such a lofty concept as a person’s worldview. In fact, most practicing, productive scientists are much too busy to think about such things. But in those who do find the time, science can produce a powerful impact, ranging from Weinberg’s (in)famous (and misunderstood) view that “the more the universe seems comprehensible, the more it seems pointless”, through the hubris (and more) of James Watson, all the way to Carl Sagan rhapsodizing:
“In some respects, science has far surpassed religion in delivering awe. How is it that hardly any major religion has looked at science and concluded: ’This is better than what we thought! The Universe is much bigger that our prophets said, grander, more subtle, more elegant. God must be even greater than we dreamed.’ … 
As we shall see, the intersection of modern science and technology with society, with its ancient wisdom and follies, grievances and hopes, makes for a potent mix.
Some Notes from my Life Experience – for what it may be worth
     This book is a very personal account of just about everything I know and believe, so perhaps it is not inappropriate to include a few personal recollections.
     I find it hard to contemplate that I was born in what is today the Czech Republic when it was under Nazi German occupation (it was called “Protectorat” then). I don’t directly remember any of this, as I was only 2 years old when the liberation from the Germans was followed by the Soviet-inspired “dictatorship of the proletariat”. When I was growing up in Prague, the family would gather around the radio (TV was an unknown concept then) and listen to Sunday’s broadcast of fairy tales for children which were of an artistic quality I have never encountered subsequently, anywhere. This was of course compensated by the crude Communist propaganda in the news segment which followed the “real” fairy tales …
    Even in a Communist country you cannot stop progress. Eventually, TV appeared, with similarly superb early evening program for children, followed by similarly crude propaganda in the “Evening News”. Later I became a student at the Charles University: it is a venerable institution, founded in 1348 by Charles IV, then Holy Roman Emperor and King of Bohemia. The wisdom of the centuries was hardly compatible with the requirement that to graduate as a physicist, I had to pass an exam from the theory of “Scientific Communism”.  Shortly before my graduation in 1965, we received our first mainframe computer, made in the Soviet Union. It came without any software whatsoever – not even with symbolic addressing. To this day I remember that the codes for addition, subtraction, multiplication and division were 11, 21, 31 and 41. The machine filled a large hall with many heavy cabinets of vacuum tubes and relays, with a performance which was a fraction of today’s pocket calculator (and it was a state secret, too – once I was prevented by the secret police from taking my night shift at the computer, because the day before I was careless in my criticism of the Party). 

     Speaking of life with (or under) the Party: when I reflect on my youth, I sometimes miss the simplicity of it. The old joke is actually true: everything which was not explicitly allowed was forbidden. Still: when you broke the rules and spoke out, it did have an impact. Today, both in the United States as well as in the Czech Republic, anyone can say anything he or she wants, but the impact is necessarily diluted and therefore limited. In the not-so-distant past, every word of Alexander Solzhenitsyn or Vaclav Havel was clandestinely copied in Samizdat and passed around.  Today, they can say, and publish, whatever they want, and they do - and their names draw blank stares, at best.
     I am not an Alexander Solzhenitsyn or a Vaclav Havel. I never had the privilege which my former compatriot Havel shared with Nelson Mandela – to be imprisoned by the “old regime” (and they both eventually became Presidents of the new regime …). And yet: perhaps just one anecdote from my own experience will illustrate my point about the impact of a free speech in a society where there was none. 
     In 1964 I was President of the Physics Department student Discussion Club. Nationally, the writers, artists and scientists begun writing and talking more and more freely - the Prague Spring was already getting under way - and in our Club we started to discuss the need for other political parties besides The Party. The word got around, and the authorities decided to organize a town meeting, with the participation of well known communist apparatchiks. The goal was to explain to the students how mistaken such ideas are. At the key point of the meeting, the editor of the main Communist newspaper took the floor and said: “Comrades, let me cut to the chase. Things are in fact very simple. We have one Party, the Communist Party, and the Party leads our people one way. And now comes here comrade Chaloupka, and he wants to have another party which would lead our people another way. So will it be this way or that way? That would be terrible.” I summoned all the courage I could muster, I stood up and said: ”Well, comrades, maybe that would be really bad, but I can imagine something even worse. Imagine having only one Party, leading our people one way, and that is the wrong way.”

    That was the end of the meeting. The hall erupted with students laughing, cheering, stamping the floor. The apparatchiks left, and the next day I was saved from expulsion from the University by – of all people – the chair of the Department of Marxism-Leninism. Remember – Prague Spring was already in the air, to come to full bloom in only four more years, and many of our Professors of Marxism were to lead significant roles in that precocious version of Gorbachev’s perestroika and glasnost which came to the Soviet Union twenty years later. What came to us in 1968 were of course Soviet soldiers – and this was why and when I decided to leave.
      And now, after intermediate stops at CERN
 in Geneva, and at the Stanford Linear Accelerator Center in California, I ended up teaching Physics at the University of Washington in Seattle, with occasional dabbling in Music and in International Studies. As improbable as this collection of professional and semi-professional activities may seem, it does reflect my lifelong interests which I have been pursuing in my research and teaching, and I believe I have achieved some degree of synthesis of these topics into one coherent whole. 
Notes on the book structure

    The book has the form of Bach’s Art of Fugue, Well Tempered Clavier or Goldberg Variations – or Chopin’s Preludes or Etudes: a collection of heterogeneous pieces which nevertheless possess (or so I hope) an inner integrity and a common thread which make it into the “coherent whole” mentioned above. The overall attitude of the book reflects my lectures at UW and elsewhere with topics ranging from “Science, and Music, with Exuberance and Humility” to “What Is To Be Done About the Basic Problem: Challenge for International Studies” and “From Bach to Einstein and Beyond”. 
     The chapters on music are interspersed with chapters on science and human affairs through the whole book,. Each music chapter deals with one of the fugues from the Art of Fugue, often with additional musico-logical
 observations which the kind reader might find interesting. 
      Two potential trouble spots should perhaps be mentioned, if only to assure the reader that the author is aware of them:

     First, when writing about science, a major difficulty is to avoid over-explaining things which really are quite easy, while under-explaining concepts which are truly difficult. Many books on science for popular audiences go to great lengths to avoid any mathematical formulas – even the simplest arithmetics. Some authors seem to believe that the effort to learn the ‘scientific notation” (e.g. age of the Universe is 4x1026 nanoseconds) is just too much to ask for, and use instead the “plain” English: age of the Universe is four hundred million billion billion nanoseconds. And yet, in the same book you find sentences which many scientists might find very difficult to parse and understand. 
     The approach chosen here is different. It is my experience that even for a student with no mathematics background at all, it is well worth his or her effort to really understand a few simple symbols and equations. Chapter 12 describes student reaction to such an experiment, and the very first chapter guides the reader through a real understanding of the famous E=mc2, yielding – after a few easy steps – some rather dramatic insights. Along the same lines, Appendix B introduces the “scientific notation” and invites the reader to appreciate its full power, and Appendix F reminds the reader (or introduces for the first time) the simplest properties of the complex numbers necessary to truly understand the Mandelbrot set.
     The second potential difficulty is to write a book with fourteen chapters on music – and not just any music, but the most difficult and intricate counterpoint imaginable. In order to enable everyone to follow the music as it is being played, the “physicist’s piano roll music notation” is introduced in Appendix E – it only takes a few minutes to learn how to use it (instead of the years it might take to learn reading the regular sheet music, with its staffs, clefs, sharps and flats). Most importantly, Bach’s music is taken as a paradigm of beauty, complexity and creativity, and the discussion is general enough to allow the readers to substitute their own music or even other forms of art.
     In general: even more than in lectures, a book treating a broad variety of topics faces a problem: how to treat any particular issue without boring the expert while losing everyone else. Much effort went into dealing with this problem. Many technical aspects about science and music are dealt with in one of the Appendices. To overcome the “academic” tendency of using too many footnotes, only those thought to be useful during the first reading are contained within the text itself. Many other references and notes (often more substantial and/or longer, to be consulted at second reading – if any) are then collected in a separate Appendix. And all of this has been extensively tested on captive audience (my students) as well as with the help of genuine volunteers (see the Acknowledgements).
Notes on Science
     My professional research background has been Experimental Particle Physics (antiprotons, quarks, neutrinos and such). As experiments have become so large that a single experimental group can (or rather must) have several hundreds or even several thousands of participating scientists, with spokespersons, committees and subcommittees, I gradually switched my activity to Physics of Music. This (not my pipe organ playing) also led to my adjunct appointment at the School of Music.  

     In my physics teaching, I have been fortunate to teach Quantum Mechanics, at the undergraduate as well as the graduate level, as well as Physics of Music and Musical Acoustics. Recently I have been teaching a new graduate course on Quantum Information and Quantum Computing  – a fascinating field in which physicists took the old puzzles of Quantum Mechanics that Einstein and Bohr were so fond of discussing, and transformed those mysteries into a resource! We will have a chance to discuss this remarkable development later in the book. 
     For my interdisciplinary courses on Science and Society I had to acquire a fair knowledge of Molecular Biology. It was a lesson in humility to go “back to school”, and the result was a mixture of exuberance and awe which should be more than obvious through this book. It seems to me that the professional biologists are somewhat jaded or blasé, and it may take an “amateur” or a “dilettante”
 from a different discipline to feel the extreme wonder of all those Marvelous Molecular Machines. Similar attitude seems to exist among physicists towards Physics, too – but I believe I have been quite resistant to such a “professional fatigue”, and able to retain much of the childlike wonder when contemplating the mysteries of Relativity, Quantum Physics or Cosmology.
     In general, I must admit to having neglected some of the technical, professional physics research lately, and spending instead much time reading and thinking about topics ranging from abstract mathematical logic to the issues of the origin of life and future of the human species.  I humbly see myself as going in the footsteps of Carl Sagan (and, with even more humility, as attempting to guess what would Albert Einstein say today) with their reverence for the awe science can inspire when properly understood and taught.

Notes on International Studies, and Human Affairs in general.
     In a singular epiphany-like event in 1999, I realized (in parallel with and independently of Bill Joy) that,  for the first time in human history, the capability of causing extreme harm is, or will soon be, in the hands of individuals or small groups. A great, irreversible process of ‘democratization of science’ is under way: microbiology experiments such as the Polymerase Chain Reaction (Nobel prize in 1993) are now available as high school science kits, and the speed is quickening, exponentially. Today’s “hackers” tinker with computer codes, creating annoying worms and viruses. Tomorrow’s hackers are bound to tinker with the DNA.

      We will discuss these issues in great detail in this book – for now it should suffice to imagine the consequences of an accidental release of the newly reconstructed 1918 Spanish Flu virus, or an intentional release of a strain of smallpox engineered to be resistant to the existing vaccine.

      This is what I call the 'Basic Problem'.  The actual manifestation of the problem will come as an intentional or accidental misuse of our new powers.
      And the Basic Problem is a reflection of the Big Gap: the ever-increasing gap between the cumulative, exponential progress in science and technology on the one hand, and on the other hand, the lack of comparable progress in our ability to use our new technological tools thoughtfully and responsibly. To illustrate the ever-increasing gap I am talking about, just think of Oedipus by Sophocles, Medea by Euripides, or other ancient Greek comedies and tragedies, written more then two thousand years ago. Since then we have made mind-boggling progress in science and technology, but very little progress, if any, on the problems of love and hate, loyalty and betrayal, wisdom and foolishness they dealt with then.
     All of this would be difficult enough in an ideal world, but we are not living in an ideal world. There is a multitude of aspects of human affairs that greatly aggravates the Basic Problem: 

[ ] finiteness of natural resources, with oil as an obvious example, and water as an even more important one 
[ ] the prospect of a significant climate change, possibly resulting in a large-scale demographic upheavals

[ ] continuing extreme inequalities between the “first World” and the “third World” countries
[ ] continuing ideological clashes, illustrated by (but not limited to) the conflict between Western secular democracy and the militant, fundamentalist Islam
 [ ] …

     The extreme diversity of humans is a great blessing for our species, but also perhaps the most intractable problem. Every human being is unique, precious and valuable, but the variation along any one of the many dimensions of talents and moral attitudes is very large. Up to now, brilliant but careless, or psychologically unbalanced individuals could only cause a limited amount of harm. This is no longer the case. In addition, the specific problems listed above have the potential to aggravate countless individuals, newly empowered by the democratization of science, and motivate them to address their grievances by far more efficient ways then using explosive belts attached to their bodies. 

     The Basic Problem is fundamental, urgent and very much non-partisan – the ability (or lack of it) to think about the long term consequences of our actions and inactions is more or less evenly distributed across the political spectrum. This realization resulted in a transformation of my long-standing interest in international affairs into a desire to be able to contribute professionally. I will argue that a substantial difficulty is the need for a rethinking of some rather fundamental concepts such as national sovereignty. In fact, I will argue what may need rethinking are the very principles of the Enlightenment. The question is whether society is ready for this (and we will see that, from this point of view, 9/11 came at the worst possible time …). 
    You may think that a serious, intense attention is being paid to these issues. In fact, most of our “hard” scientists are much too busy within the competitive environments of their laboratories to worry about any of this. And many social scientists are finding topics such as “Disciplinary Pluralism in Science Studies” or “The Postmodern Critique of Science” much more worthy of their scholarship. We will talk about this in detail, so for now just a note to put this in a quantitative context. The multimillion-dollar Human Genome project has set aside about 3% of their budget to study the Ethical, Legal and Social Issues (ELSI). Not only is 3% quite a small fraction, but it is not difficult to imagine in which of the E, L and S directions most of that fraction actually went.
     In general, the connection of the Basic Problem to Science, Technology and International Affairs is obvious. As we shall see, the connection to Music comes from the need to reconcile the two somewhat incompatible attitudes of Exuberance and Humility, where music provides a precious guide, as well as a way to lighten up the otherwise grave and somewhat depressing considerations.
Notes on Religion and Science

    An issue of a particular interest to me, with a close relationship to the three main subjects of this book, is the issue of Science and Religion. I share with Steven Weinberg (“Dreams of a Final Theory”) his need for a thoughtful discussion of this difficult issue, but not his resolutely atheistic conclusion about the pointlessness of the Universe (alas, another thing I do not share with him is his Nobel Prize for Physics …). On the other hand, I do not subscribe to the apologetical attempts of scientists like Gerald Schroeder (“The Hidden Face of God”), Kenneth Miller (“Searching for Darwin’s God”) or Francis Collins (“The Language of God”) to show that existing religion(s) are in fact consistent with modern science. My own position will be discussed at length – and with reference to Music, of course. I will argue that we can make a substantial progress by abandoning the old-fashioned dichotomy of materialism vs. spirituality and replacing it a view inspired by modern science (and especially by modern physics).
    A specific subcategory of Science and Religion treated in the book is the issue of Intelligent Design, and again, my position seems to fall outside of existing camps. On the one hand, I argue (and I am tempted to say “of course, as a scientist”) against granting the proponents of ID the status of a scientific theory, to be considered as a possible alternative to the “Standard Model of Biology”. On the other hand, I do not share the irritation which most of the mainstream scientists seem to feel at the very mention of Intelligent Design.

Notes on Music.
    I often say that music is an excellent playground for a physicist, in more ways than one. And I must quickly admit to a very definite bias: for me, the music of Johann Sebastian Bach represents one of the pinnacles of Civilization, and I believe that the very tip of that pinnacle consists of the 14 fugues of his Kunst der Fuge (Art of Fugue). As I have some rather strong views on this magnificent work, and as many of my views stem from my interpretation, there is a CD enclosed with the book, with my recording of the complete cycle on the pipe organ. (I will explain why the Art of Fugue should be performed on the organ, but it should not sound “organy”). There is also an accompanying web site featuring graphical and audio illustrations of various aspects of counterpoint in general, and of Kunst der Fuge in particular. The text attempts to debunk a number of Bach (and Einstein) myths
, explains my “Bach as Amadeus” concept, and introduces other musico-logical discussions.  
      An important part of the book is an exposition of my theory about the Unfinished Fugue which is – to my knowledge – novel. My hypothesis takes into account all the known ‘facts’ (especially the issue of the faulty music paper Bach used for the last page), but the main clue comes from an analysis of Bach’s religious, ethical and artistic views and attitudes, and – above all – from the music itself when properly understood and interpreted. Of course, as in the case of my previous, similar remark about science, it will be up to the reader to judge if my understanding and interpretation is the “proper” one.
    And a book on Bach and counterpoint cannot fail to include a discussion of Glenn Gould – his opinionated writings and pronouncements, his mannerism and exaggerations, but above all his permanent, immortal contributions to the musical treasure box of our Civilization.
Notes on Teaching.

        Some time ago, I was invited to give a talk at the annual Bach festival at Lake Chelan in the Eastern Washington desert (yes: desert. Climate changes dramatically when you cross the Cascade mountains). The audience was a mix of vacationing Seattleites, with some local winemakers and apple growers. I pulled out all the stops, and talked about Bach, Goedel’s Undecidability Theorem, Quantum mechanics - this whole book in one hour …
       At the reception after my talk, an elderly lady came up and said:

“Teacher,…”
Wow! I have been called “Professor”, “Dr. Chaloupka
”, “Vladimir”, or “Dr. Vladimir” (mostly by my Japanese students), but nobody ever called me “Teacher” before. It sounded almost biblical. 
The lady continued:
“Teacher, I have not understood a word of what you were talking about”.

Needless to say, the biblical feeling instantly evaporated. But then she completed the sentence:
Teacher, I have not understood a word of what you were talking about, but I felt that it was something great.”

     That, I must say, was one of the high points in my public speaking / teaching career. That lady may not have understood the subtleties of quantum-mechanical non-locality, yet she took away more than a scientist who understood all the technical details, but left the lecture puzzled what it was all about.

    All teaching involves various proportions of instruction and education, and the emphasis depends on the subject, and on the audience. When I teach Quantum Mechanics, my main goal is to introduce students to the marvelous microworld and its strange rules which we – somewhat inexplicably – seem to be able to use, if not fully understand. So the process is mostly instruction, with me trying to make students able to calculate what I can calculate. And I believe it is about this process that Gibbon said: “The power of instruction is seldom of much efficacy, except in those happy dispositions where it is almost superfluous.” Instructors should always try to teach as well as possible, but even the best come to grief when they forget about Gibbon’s observation.
    However, when talking about interpretation of science, and about the worldview which science represents for me, the balance changes in favor of education. When I teach a course about Science and Music, or Science and Society, I fancy myself, rightly or wrongly, as transmitting all the wisdom which I may have accumulated throughout my life, all the knowledge but also all the doubts, interconnection and complexities. I have devoted a whole chapter of this book to “Teaching PHIS216”: a course on Science and Society for a highly diverse group of science- and non-science students meeting in the same classroom. For now, may I just quote – without implying any “efficacy” of the quixotic process of “teaching wisdom” – a couple of quotes from the students’ response papers:
“Even if I hadn’t enjoyed the rest of class, having my fear of death allayed to some degree would have been worth taking it.”

“I found this class and the grand finale to be absolutely beautiful and [it] gave me inner peace.”

It is perhaps not a common result of a physics class to give a student “inner peace”, or to allay another student’s fear of death. In a sense, this book is a PHIS216 course expanded from one college term to several hundred pages.  What reaction it will produce and what fears it will allay (or cause) is a question that can only be answered by completing and publishing the manuscript.
Coming back to the unifying thread of the book: I will argue that Bach’s Art of Fugue is in fact a triple art: 
art of writing a fugue

art of playing a fugue

and an art of listening to a fugue.
It is my goal and my hope that some of my readers will be inspired to cultivate, at least, the art of listening to a fugue, and share the exuberance and humility that science, music and human affairs evoke in me.

� CERN is a (French) acronym for “European Center for Nuclear Research”. It is a sprawling complex of accelerators and research buildings located across the Swiss-French border. Its fictional Director plays a major role in Dan Brown’s Angels and Demons (the description of CERN is wildly exaggerated, but I think it is still a much better book that the Da Vinci Code.)


� The hyphen in “musico-logical” is one of the many priceless gems to be found in Hofstadter’s Goedel Escher Bach.


� Good dictionaries still carry the original definition of a “dilettante” as “a lover of the fine arts; a connoisseur”, and also point out that the word “amateur” originated form “amare” – to love.


� Typical Bach myth is the claim – in the words of an eminent scholar – that Bach was a “Learned Musician”. A typical Einstein story would make you believe that his violin playing was mediocre.


� Once as I was boarding a plane on a business trip, the stewardess noticed the “Dr.” my secretary puts on the ticket, and asked me: “Listen, are you a real doctor, or just an MD?” I laughed and said “I am just a PhD –that’s how most people see it”. And she replied: “Oh no, I used to date a PhD, and he explained the proper significance of these titles to me.”


Later in this book, I will have an opportunity to describe a couple of occasions when I felt like a “real doctor”.





