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Quantum theory has made quantum leaps
over the last few decades. But are we any
closer to understanding the essence of it?
Robert Matthews investigates
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QUANTUM THEORY IS THE MOST
successful scientific theory ever
devised. It underpins everything
from the operation of microchips to
the origin of the Universe, and its
predictions have been confirmed to
better than one part per 100 million.

The only problem is that no one
really understands why. Over a
century after it was first used to
solve an esoteric problem about heat,
quantum theory remains an enigma.
Most scientists choose simply to use
its equations and ignore the baffling
issues lurking behind them.

But some insist that truly
understanding quantum theory could
bring new insights into the ultimate
nature of our Universe.

However, even its pioneers worried
about quantum theory — and with
good reason. Experiments revealed
that particles sometimes behaved
like waves and sometimes like bullets,
according to the kind of equipment
used to study them. As early as
1909, physicists found evidence
that a single photon of light was
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capable of being in two places at
the same time (see ‘Single-Photon
Interference’ on p66).

Theorists were just as perplexed
by the equations of quantum theory.
These suggested it is impossible
to know everything about the world
with complete certainty, and that
reality is really a whole host of
possibilities, of which we somehow
perceive just one.

Common sense
During the 1920s, a group of top
physicists put together a view of
quantum theory which they hoped
would calm everyone'’s nerves: this
was the so-called ‘Copenhagen
interpretation’. But not everyone
was convinced — among them Albert
Einstein, who believed a far more
sophisticated theory would emerge
to restore agreement with common
sense. He even proposed an
experiment he believed would
prove him right.

Yet when it was finally performed
in 1982, it not only showed that [|
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THE COPENHAGEN
INTERPRETATION

Textbook version of quantum theory

Developed principally by the Nobel-Prizewinning
Danish physicist Niels Bohr during the 1920s (and
named after his home town), this is the ‘textbook’

view of quantum theory routinely taught to students

- although many experts have long since abandoned it.
It comes in various guises, but at root they all assert it's
impossible to know the ‘real’ nature of quantum objects
such as electrons, as they are altered by the very act

of observation. This forces them to ‘collapse’ into

one particular state, so some experiments will show
electrons as bullet-like particles, while others reveal
their wave-like nature.

The theory also claims none of this applies to
everyday objects as they are too big to show such weird
behaviour - though how big is ‘too big’ is unclear. It
isn't apparent why mere observation causes them to
‘collapse’ either. All this has led many physicists to
regard the Copenhagen interpretation as defeatist. It
gives no ekplanation of when or how quantum effects
operate, or why they aren’t apparent in the behaviour
of everyday objects. Most frustrating of all, it also insists
we can never know what reality is really like, and that
trying to find out is pointless.
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Decoherence

The loss of
weird quantum

behaviour in an

object, triggered

by the presence of

other objects

Entanglement

The quantum
connections that
exist between two
objects, regardless
of space and time

Hidden variables

As yet
unexplained

processes which

account for the
uncertainty

predicted by

quantum theory

Measurement
problem

Why the mix of

states an object is
predicted to be in
is never observed
in the real world
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