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Newton’s theory of gravity was formulated to deal with a finite collection of

bodies, the solar system. However, problems arose when one tried to apply it to the

whole universe: if the material content of the universe were finite, why did it not all fall

together to make one big body? At the time, and indeed until the 1920s. no-one

considered the possibility that the bodies in the universe could be moving systematically

towards or away from each other.;) Newton therefore suggested that the universe

contained an infinite number of bodies, uniformly distributed and at rest relative to each
other, and that they would not fall towards each other because there would be no
preferred point for condensation. This concept of an infinite, uniform and static
universe raised a number of problems. First of all, the gravitational potential would be
infinite, and the gravitational force on a body would not be well defined. In an attempt
to overcome this difficulty it was suggested that the Newtonian law of attraction should
be weakened at large distances. This could be done by adding a ‘cosmological term’
to Poisson’s equation
V20 =4aGp + AD

where @ is the gravitational potential, A is the ‘cosmological constant’ and p the

material density. Another problem, first pointed out by Halley, later Olbers, and

nowadays referred to as ‘Olbers’ paradox’, was that if the universe had existed in its

present state for an infinite time, almost every line of sight would end on the surface of

a star, and therefore the sky ought to be as bright as the surface of the sun.;y Because

of the finite velocity of light, this difficulty could be overcome by postulating that the
stars had been in their fixed positions for ever, but that they had begun to shine only at
some finite time in the past. However, it was not clear why they should suddenly have
started to shine after all that time.

(GENERAL RELATIVITY An Einstein Centenary Survey ed. By S.W. Hawking & W.
Israel, Chapter 1 & U #ikF, )
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Jodo came to me often with this problem. I always made time to talk with
him, because I was attracted by his energy and his fresh way of seeing physics. But
for many months, I didn’t think very hard about what he was saying. The turning
point came when he showed me an old book in which the problem was discussed. It
was a text-book on general relativity by a famous Russian mathematical physicist
named Vladimir Fock. I knew some of Fock’s work in quantum field theory (all
physicists do), but I had never seen his book on relativity. The problem Jodo was
trying to get me to think about was a homework problem in Fock’s book. Once I saw

it, I recalled my idea from ten vears earlier, and the whole thing came together. The

key was indeed to keep the principles of Einstein’s special theory but to change the

rules so that all observers agree that both the speed of light and the Planck scale are

universal. 1) Actually, the speed that is constant is no longer the speed of all photons,
only very low-energy ones.

At first we didn’t see what to do with this idea. We had a story, with some
pieces of the math, but not yet a full a theory. At about this time, | went on a trip that
included a stop in Rome, where I spent many hours talking with Giovanni
Amelino-Camelia. All of a sudden I understood what he was saying. He had come
to the same idea we were developing, and he had come to it earlier and worked it out
first. Nevertheless, there was a lot about the way he had worked out the idea that I
didn’t understand. The math seemed complicated, and it appeared to be tied to a
formalism invented some ten years earlier by a group of Polish mathematical physicists
— a formalism that I certainly couldn’t penetrate.

It would take me many years to appreciate the mathematical subtleties of the
subject. 1 found it impenetrable until I started reading early papers by an English
mathematician named Shahn Majid, who was one of the inventors of quantum groups.
His work was closely related to the mathematics the Polish group was using. Majid
had begun with some visionary ideas about how to express the essential insights of
relativity and quantum theory in a single mathematical structure. This had led him to
quantum groups (which are a revolutionary extension of the idea of a symmetry) and
then to modifications of relativity theory based on a subject we call noncommutative
geometry. His insights are at the core of the mathematics required to express DSR ()
clearly, but they were lost — at least, to me — in the complicated papers where I had first
seen them expressed.



In any case, Jodo and I ignored mathematics and kept talking about physics.
Our progress was interrupted by my move to Canada, to the newly founded Perimeter
Institute, in September of 2001. A month later, Jodo came to Perimeter as its second
visitor. The theory finally fell into place the afternoon after he arrived. We were
working in a café in uptown Waterloo called the Symposium, with comfortable couches.
He was jetlagged. 1 was traumatized and exhausted, having just returned from a
weekend in New York following the events of September 11. 1 fell asleep as Jodo was
talking, then woke up to find him dozing. 3y I remembered something he had said as I
was losing consciousness, and I played with it on a pad, then fell asleep again. 1 woke
up when he started talking and we had a few mutually lucid minutes before he fell
asleep again. And so the afternoon went, as we talked, calculated, and dozed (3 in turn.
I can only imagine what the café¢ staff thought. But at some point during that afternoon,
we hit on a key factor that had evaded us for months, having to do with trading
momenta for positions. When we were done, we had invented a second version of
DSR, much simpler than the one developed by Giovanni Amelino-Camelia. Now it is
known to experts as DSR II.

This was roughly what Jodo had wanted. In our version, photons that have
more energy travel faster. Thus, in the very early universe, when the temperature was
very high, the speed of light was, on average, faster than it is now. As you go farther
back in time and the temperature approaches the Planck energy, the speed of light
becomes infinite. It took somewhat longer to show that this led to a version of a
variable-speed-of-light theory that was also consistent with the principles of general

relativity, but we eventually got there, too. We call this theory Gravity’s Rainbow,

after Thomas Pynchon’s novel. (4

“Doubly special relativity” is a stupid name, but it has stuck. The idea is an

elegant one, by now much studied and discussed. We don’t know whether it describes

nature, but we know enough about it to know that it could. (5

The first responses to DSR were not encouraging. Some people said it was
inconsistent; others said it was nothing more than a very complicated way of writing
Einstein’s special relativity theory. A few people made both criticisms.

(THE TROUBLE WITH PHYSICS written by Lee Smolin £ ¥ ##¢, )
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+F) BEARAI72 — macroscopic. A FWiME — irreversibility.
FERIXHFRME — time symmetry.  #EFHRY — statistical.





