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FOREWORD

I n bygone centuries, our physical world appeared to be filled to the brim with mysteries. Divine powers
could provide for genuine miracles; water and sunlight could turn arid land into fertile pastures, but the
same powers could lead to miseries and disasters. The force of life, the vis vitalis, was assumed to be the
special agent responsible for all living things. The heavens, whatever they were for, contained stars and other
heavenly bodies that were the exclusive domain of the Gods.

Mathematics did exist, of course. Indeed, there was one aspect of our physical world that was recognised to
be controlled by precise, mathematical logic: the geometric structure of space, elaborated to become a genuine
form of art by the ancient Greeks. From my perspective, the Greeks were the first practitioners of ‘mathematical
physics’, when they discovered that all geometric features of space could be reduced to a small number of
axioms. Today, these would be called ‘fundamental laws of physics’. The fact that the flow of time could be
addressed with similar exactitude, and that it could be handled geometrically together with space, was only
recognised much later. And, yes, there were a few crazy people who were interested in the magic of numbers,
but the real world around us seemed to contain so much more that was way beyond our capacities of analysis.

Gradually, all this changed. The Moon and the planets appeared to follow geometrical laws. Galilei and
Newton managed to identify their logical rules of motion, and by noting that the concept of mass could be
applied to things in the sky just like apples and cannon balls on Earth, they made the sky a little bit more
accessible to us. Electricity, magnetism, light and sound were also found to behave in complete accordance
with mathematical equations.

Yet all of this was just a beginning. The real changes came with the twentieth century. A completely new
way of thinking, by emphasizing mathematical, logical analysis rather than empirical evidence, was pioneered
by Albert Einstein. Applying advanced mathematical concepts, only known to a few pure mathematicians, to
notions as mundane as space and time, was new to the physicists of his time. Einstein himself had a hard
time struggling through the logic of connections and curvatures, notions that were totally new to him, but are
only too familiar to students of mathematical physics today. Indeed, there is no better testimony of Einstein’s
deep insights at that time, than the fact that we now teach these things regularly in our university classrooms.

Special and general relativity are only small corners of the realm of modern physics that is presently being
studied using advanced mathematical methods. We have notoriously complex subjects such as phase transitions in*
condensed matter physics, superconductivity, Bose—Einstein condensation, the quantum Hall effect, particularly
the fractional quantum Hall effect, and numerous topics from elementary particle physics, ranging from fibre
bundles and renormalization groups to supergravity, algebraic topology, superstring theory, Calabi-Yau spaces
and what not, all of which require the utmost of our mental skills to comprehend them.

The most bewildering observation that we make today is that it seems that our entire physical world
appears to be controlled by mathematical equations, and these are not just sloppy and debatable models, but
precisely documented properties of materials, of systems, and of phenomena in all echelons of our universe.

Does this really apply to our entire world, or only to parts of it? Do features, notions, entities exist that are
emphatically not mathematical? What about intuition, or dreams, and what about consciousness? What
about religion? Here, most of us would say, one should not even try to apply mathematical analysis, although
even here, some brave.:social scientists are making attempts at coordinating rational approaches.



