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STEVEN WEINBERG

It’s a pretty good list. Perhaps it’s a little Anglocentric. No one would dream of dropping Newton or Maxwell from a list of the ten greatest physicists and I would want to keep Rutherford and Faraday, but why Dirac and not Werner Heisenberg or Erwin Schrödinger? I would drop two names from the current list (no, I won’t say which), keep Dirac, and add Heisenberg and Schrödinger. I would also add Christiaan Huygens and Ludwig Boltzmann. Yes, I know that makes twelve, but isn’t physics important enough to warrant a dozen names in a list of the top ten? My wife and I occasionally play the game of listing the top ten movies of all time and we often find we include about a hundred.

 

Any list of this kind prompts a reflection on the difference between science and the arts. Science is a cumulative enterprise that leaves no space for the pioneers. We judge past scientists according to their contribution to our present understanding. For over a millennium, when natural philosophers said ‘physics’ they meant the physics of Aristotle. But our present physics owes nothing to Aristotle (rather the reverse) and it would be crazy to include him in a list of the top ten. In contrast, we admire J. M. W. Turner not because he foreshadowed impressionism but because he painted beautiful pictures and it would not be at all strange to include Homer or Sappho in a list of the ten greatest poets. In a list of the ten (or twelve) greatest physicists, we can trace the history of our progress in explaining the world.

Steven Weinberg is an American theoretical physicist who, with Sheldon Glashow and Abdus Salam, was awarded the 1979 Nobel Prize in physics for his contribution to the theory of the unified weak and electromagnetic interaction between elementary particles. Weinberg received a degree from Cornell and a PhD at Princeton. He has since worked at Columbia, Berkeley, MIT, Harvard and most recently the University of Texas at Austin.
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There is nothing we like better than a list. Newspapers and TV channels find they make great, cheap copy that is always bound to generate interest. The media bombard us with the hundred best pieces of classical music, the twenty books to read before you die or the top ten restaurants. Readers and viewers love them too. The appeal of a heady mix of recommendation and potential for dispute is hard to resist. We’ve all thought, Why did they select that one? Why did they leave out that one?

 

For lists about a commodity it’s easy enough to try the different options and see if you agree, but there can be more subtlety when it comes to people. There is no problem putting together a rich list, but it is very different when considering intellectual achievement. How can you possibly pick a definitive top ten from the world’s physicists throughout history, as was done in 2013 for the Observer newspaper? Certain figures would be hard to ignore – Newton and Einstein spring to mind – but there are plenty at the slightly-less-famous level who vie for the remaining places.

To make matters worse, the greatest physicists are not always the most famous. Some might be surprised, for instance, to find Stephen Hawking missing. He is, without doubt, the best-recognised living physicist. The chances are that a public vote would put him high in the top ten – and yet he doesn’t appear in our list. This isn’t because his work is considered unimportant, but there are a whole host of other physicists who didn’t make the cut who would be placed above Hawking by anyone who knows the field.

A useful illustration of the tensions involved in putting such a list together was in the question we heard as we developed this book: ‘Are you going to include Tesla?’ The answer was easy: no. Nikola Tesla was not on the original list and it is hard to see how he could have been because he wasn’t a physicist. Tesla began as an outstanding electrical engineer who made huge steps forward in the development of AC current and invented excellent AC motors, high-voltage generators, radio-controlled devices and more. But he had little grasp of twentieth-century physics. The point is that while some individuals have a place in the popular imagination, it doesn’t follow that they are worthy of joining such a prestigious list.

Who, then, makes the grade? Let’s take another look at the full list, published in the Observer on 12 May 2013 in an article by Robin McKie, science and technology editor for the Observer:


1        Isaac Newton (1643–1727)

2        Niels Bohr (1885–1962)

3        Galileo Galilei (1564–1642)

4        Albert Einstein (1879–1955)

5        James Clerk Maxwell (1831–1879)

6        Michael Faraday (1791–1867)

7        Marie Curie (1867–1934)

8        Richard Feynman (1918–1988)

9        Ernest Rutherford (1871–1937)

10      Paul Dirac (1902–1984)



To better understand why these individuals are here we need to have a feel for what physics is and how it fits into the wider world of science. It’s possible to think of science as a pyramid. Physics (hand-in-hand with mathematics) forms the base – the fundamentals, the building blocks on which everything else is constructed. Chemistry takes the physics of atoms and molecules and studies their behaviour on a larger scale. And biology combines the working levels of both chemistry and physics in the study of the uniquely complex phenomenon that is life.

The men and woman on this list gave us real advances in our understanding of those fundamentals. Without physics – without the work of these physicists (and many others) – science as we know it really couldn’t exist. Nor could the technology that is essential to the modern world. Science had only a small part to play in industry until the nineteenth century but, with the introduction of mechanisation, physics came to the fore – and it is still at the heart of everything from the sophisticated electronics of a smartphone to the simple workings of a fridge.

As Steven Weinberg makes clear in his foreword, this list is not the only possible selection. McKie made some interesting decisions. The most controversial aspect is placing Niels Bohr in the second spot. Few would argue about the vast contributions of Galileo, Newton and Einstein. But Bohr’s work was more subtle. He gave us the first workable model of the atom and was the lead architect (if not the biggest contributor) in the development of quantum theory. But second place in the whole of history? Really?

It is interesting to look at the comments that accompany the original article. Leaving aside the surprised reactions to the omission of Tesla, many point out the lack of other big names from the twentieth century, particularly the founders of quantum physics. And there’s an impassioned plea – not without reason – for Archimedes to be included. We will come back to the order of the list and who should or shouldn’t be on it in the concluding chapter.

One guide to potential candidates since the early twentieth century tends to be the Nobel Prize. When the Swedish-born inventor and explosives tycoon Alfred Nobel left the majority of his estate to fund prizes for those who ‘during the previous year, shall have conferred the greatest benefit on mankind’, he not only shocked and hurt his family, but started a new mechanism for flagging up important developments in a number of fields, notably – for us – in physics.

While the earlier entries in our list have to be made without consideration of the Nobels, the physics prize was first awarded in 1901 (to Wilhelm Röntgen for the discovery of X-rays) and since then it has provided a marker of excellence. There are, of course, issues. The prize is limited to a maximum of three recipients who must be alive when the prize is awarded. This causes problems for the increasingly large teams involved in scientific research – and the often significant lag between work and prize also means that some potential recipients are no longer alive by the time the ceremony takes place.

In addition, while many famous characters in physics have taken their place among Nobel laureates, glance through the list of winners and you will see names that few would recognise. Ask anyone, physicists included, for the significance of the work of Nils Gustaf Dalén, and you will get a blank look. This is not entirely surprising as he won the prize in 1912 for his invention of ‘automatic regulators for use in conjunction with gas accumulators for illuminating lighthouses and buoys’. There is no doubt that Tesla deserved a Nobel more than Dalén, but the ventures of the physics committee into technology are always fraught. (In lasers, for instance, the three winners do not include the patent holder or the man who constructed the first working laser.) Even in pure physics there can be controversies, as when the discoverer of the pulsar, Jocelyn Bell, was omitted while her boss got the prize. But most would agree that the Nobels provide a good starting point for finding modern members of a top ten list.

Our initial inclination was to explore the list from the Observer in reverse order, working up to presenting the gold to Isaac Newton. But that presents a problem. It would have meant starting off with Paul Dirac. Yet Dirac’s work built on everything that came before him. So if we are sensibly to explore why these individuals achieved this accolade, it makes more sense to look at the ten physicists in chronological order.

This means that we begin our exploration of the list with a name that is as familiar as that of Newton. A name that has strong associations in the imagination, whether it is for dropping balls off the tower of Pisa or rebelling against the Church’s insistence that the Earth was at the centre of the universe. That name is, of course, Galileo Galilei.
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