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The Most Successful Theory in Science
ALT Paul Cassidy
Quantum field theory (¥ ® & 7 §@ ) is
unquestionably the most successful scientific
theory in history. It describes how all matter (%
&) on earth behaves and is the backbone of most
of our current understanding of physics.

The theory of quantum fields was first explored
in the 1920s by Heisenberg, Born, Jordan and
Dirac. They sought to construct a quantum
mechanical (&7 /)%%) version of electrodynamics
(7B 5 %), the theory that had been used to
describe the electric and magnetic forces for the
previous fifty years. This old theory had become
inconsistent with experimental results and a new
theory was required.

Although far from understood at this point,
their approach was an immediate success. The
equations led Dirac to predict the existence of the
positron ( [ % T ), the positively charged
counterpart to the electron (7 1), which was
discovered experimentally a mere four years later.
Quantum field theory has gone from strength to
strength since then and has become by far the
most rigorously tested scientific theory today. It
has even predicted some behaviours of the
electron to a precision of one part in a trillion (1
JK ), suggesting that the universe truly is
fundamentally mathematical.

Despite its enormous success, there are still
many things that have yet to be understood about
it. Mathematicians are especially unhappy with
the current state of quantum field theory as many
equations used by physicists do not make sense
mathematically. There are several programmes

trying to establish a rigorous foundation for

quantum field theory but it has yet to be seen
which one, if any, will be successful. There is even
a prize worth one million dollars for solving this
problem. Physicists are also puzzled about how
the other most successful theory in physics can be
made compatible with quantum field theory.
Einstein's general relativity is the theory that
describes large objects like planets, black holes
and the universe. So far little progress has been
made but there is some evidence to suggest that
the universe is fundamentally holographic in
nature, i.e. that the physics of our world is really
one dimension less than we observe.

Quantum field theory is a rich field with many
problems and much left to uncover. I hope that
some of you find these problems as fascinating as

I do and will study them in the future.
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