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A profound change has taken place during the present century in the opinions
physicists have held on the mathematical foundations of their subject. Previously they
supposed that the principles of Newtonian mechanics would provide the basis for the
description of the whole of physical phenomena and that all the theoretical physicist had
to do was suitably to develop and apply these principles. With the recognition that there
is no logical reason why Newtonian and other classical principles should be valid
outside the domains in which they have been experimentally verified has come the
realization that departures from these principles are indeed necessary. Such departures
find their expression through the introduction of new mathematical formalisms, new
schemes of axioms and rules of manipulation, into the methods of theoretical physics, .

Quantum mechanics provides a good example of the new ideas. It requires the

states of a dynamical system and the dynamical variables to be interconnected in quite
strange ways that are unintelligible from the classical standpoint. The states and
dynamical variables have to be represented by mathematical quantities of different
natures from those ordinarily used in physics. The new scheme becomes a precise

physical theory when all the axioms and rules of manipulation governing the
mathematical quantities are specified and when in addition certain laws are laid down
connecting physical facts with the mathematical formalism, so that from any given
physical conditions equations between the mathematical quantities may be inferred and

vice versa (5, . In an application of the theory one would be given certain physical
information, which one would proceed to express by equations between the
mathematical quantities. One would then deduce new equations with the help of the
axioms and rules of manipulation and would conclude by interpreting these new
equations as physical conditions. The justification for the whole scheme depends, apart
from internal consistency, on the agreement of the final results with experiment, (“The
principles of quantum mechanics”, P.A.M. Dirac)
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@ Scientific revolution
@ The role of experiment in theoretical physics
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I have just come from a year of postdoctoral work in Berkeley to be an assistant
professor in the Belfer School. The exotic Yeshiva buildings didn’t look anything like
the Berkeley or Harvard campus, or any other campus for that matter. Finding the
Physics Department would be a challenge. A bearded fellow on the street directed me
toward the top of one building, where there was a turret or onion dome of some kind.
This didn’t look promising, but it was the only job I had, so I entered and climbed the
spiral staircase ;) . At the top was an open door to a very small, dark office containing
a massive bookcase filled with large, leather-bound volumes, all of whose titles were

written in Hebrew. In the office sat a rabbinical-looking, gray-bearded gentleman
reading some ancient tome. The sign said:

Physics Department

Professor Posner

“Is this the Physics Department?” I asked, uncomprehendingly.

“Yes, it is”, he said, “and I am the physics professor. Who are you?”

“I’'m the new guy, the new assistant professor, Susskind.” A kindly but very

puzzled look came
over his face.

“Oy vey, they never tell me anything. What new guy?”

“Is the chairman here?” I sputtered.

“I am the chairman. In fact I am the only physics professor, and I don’t know
anything about a new guy.” At that time I was twenty-six years old with a wife and two
small children, and it was beginning to look like I might be unemployed (5, .

Confused and embarrassed, I slunk out of the building and started to cross the
street, when I saw a guy I knew from college named Gary Gruber. “Hey Gruber, what’s
going on here? I just came from the Physics Department. I thought it was full of
physicists, but there seems to be only an old rabbi named Posner.”

Gruber found this much more amusing than I did (5, . He laughed and said, “I
think you probably want the graduate depariment, not the undergraduate. It’s around the
corner on One hundred eighty-fourth Street. I'm a graduate student there.” Sweet relief!




I walked over to 184™ and looked on the side of the street that Gruber had indicated, but
I could see nothing that looked like a graduate school of science. The street was just a
row of seedy-looking storefronts. One of them advertised:“Abogado —Bail Bonds.”
Another was empty and boarded up. The biggest storefront was an establishment of the
kind that caters bar mitzvahs and Jewish weddings. It looked like it was no longer in
business, but a small establishment that prepared kosher food was still in the basement.
I passed it once, but on the second pass, I looked a little closer. Sure enough, a small
sign next to the caterer’s said:

Belfer Graduate School
and pointed up a broad flight of stairs. The stairs had an old stained and worn carpet,
and from the lower floor the smell of food floated up. I wasn’t sure if I liked the look of

this place any better than the last (4 .1 climbed up to a big room that I could see was
once a ballroom for weddings and bar mitzvahs. Now it was a large space with sofas,
comfortable chairs, and much to my relief, blackboards. Blackboards meant
physicists.

- Surrounding the space were about twenty offices. The entire school was housed in
this one-time ballroom. It would have been very depressing except that several people
were having a lively physics conversation at one of the boards. What’s more, I
recognized some of them. I saw Dave Finkelstein, who had arranged my new job. Dave
was a charismatic and brilliant theoretical physicist who had just written a paper on the
use of topology in quantum field theory that was to become a classic of theoretical
physics. I also saw P. A. M. Dirac, arguably the greatest theoretical physicist of the
twentieth century after Einstein. Dave introduced me to Yakir Aharonov, whose
discovery of the Aharonov-Bohm effect had made him famous. He was talking to Roger
Penrose, who is now Sir Roger. Roger and Dave were two of the most important
pioneers in the theory of black holes. 1 saw an open door with a sign that said Joel
Lebowitz. Joel, a very well-known mathematical physicist, was arguing with Elliot Lieb

2

whose name was also familiar. It was the most brilliant collection of physicists that I

had ever seen assembled in one place (s -
They were talking about vacuum energy. Dave was arguing that the vacuum was

full of zero-point energy and that this energy ought to affect the gravitational field.
Dirac didn’t like vacuum energy because whenever physicists fried to calculate its
magnitude, the answer would come out infinite. He thought that if it came out infinite,
the mathematics must be wrong and that the right answer is that there is no vacuum
energy. Dave pulled me into the conversation, explaining as he went. For me this
conversation was a fateful turning point — my introduction to a problem that would



obsess me for almost forty years and that eventually led to The Cosmic Landscape.
(“The cosmic landscape”, L. Susskind)
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