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Quantum physics intrigues because it has a mystery at its heart. This fundamental area of science describes the behaviour of the atoms and subatomic particles that make up matter, as well as explaining the elusive but essential phenomenon of light. It lies behind electricity and magnetism – and most of the key inventions of the 20th and 21st centuries. Yet quantum physics describes a world in which events happen that are downright weird.
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It’s easy to think of particles such as electrons as tiny balls. Yet we know exactly what will happen to a ball if we throw it, given the details of its environment. The weirdness of the quantum world emerges from a lack of certainty. To the horror of some of the early developers of quantum theory, notably Albert Einstein, the equation describing the position of a particle after a certain amount of time deals only in probability. We can’t state where it will be after ten seconds, just the probability of finding it in various locations. And until we actually pin down the particle, only the probabilities exist. The same uncertainty is true for many other aspects of behaviour at the quantum level.

Contrast this with a normal object over which probability apparently rules, such as a tossed coin. If we toss a coin, the chances are 50:50 of the outcome being heads or tails. However, once the coin is tossed, even if we haven’t looked at it, just one side is facing up. It is either heads or tails. In the quantum equivalent, only those 50:50 probabilities exist until the particle interacts with the world around it. When the leading lights of quantum physics met at the Solvay Conference of 1927, this was still something that caused heated arguments among the participants. Some, such as Einstein and Erwin Schrödinger, were convinced that there had to be something underlying everything that was more “real”, something not dependent on probability. Others, such as Niels Bohr and Werner Heisenberg, saw no need for such a reality. And it was Bohr and Heisenberg who have been proved right.

This may seem a matter of philosophical niceties. After all, the world around us and the things in it behave as we expect them to, despite being made up of quantum particles. So does it really matter what happens at the quantum level? The answer is a firm “Yes, it does!” It is this kind of weird quantum behaviour that makes it possible for atoms to exist, makes it possible for the Sun to shine and lies behind much of the technology we use today, from smartphones to lasers to MRI scanners.

Quantum physics has a reputation for being difficult – and the underlying mathematics is. But the basic concepts are easy to grasp, and essential if we really want to understand the quantum-based world around us. Before we take the plunge, though, it’s important to know where this all came from – and to do that we need to look back at how our understanding of matter and light developed.
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The 1927 Solvay Conference brought together all the founders of quantum physics.
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