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’Thou shalt break them with a rod of iron; thou shalt dash them in pieces like a potter’s vessel.

Be wise now therefore, O ye kings:

be instructed, ye judges of the earth’

Psalms
, 2: 9–10

ONE
A Relativistic World


The modern world began on 29 May 1919 when photographs of a solar eclipse, taken on the island of Principe off West Africa and at Sobral in Brazil, confirmed the truth of a new theory of the universe. It had been apparent for half a Century that the Newtonian cosmology, based upon the straight lines of Euclidean geometry and Galileo’s notions of absolute time, was in need of serious modification. It had stood for more than two hundred years. It was the framework within which the European Enlightenment, the Industrial Revolution, and the vast expansion of human knowledge, freedom and prosperity which characterized the nineteenth Century, had taken place. But increasingly powerful telescopes were revealing anomalies. In particular, the motions of the planet Mercury deviated by forty-three seconds of are a Century from its predictable behaviour under Newtonian laws of physics. Why?

In 1905, a twenty-six-year-old German Jew, Albert Einstein, then working in the Swiss patent office in Berne, had published a paper, ‘On the electrodynamics of moving bodies’, which became known as the Special Theory of Relativity.
1
Einstein’s observations on the way in which, in certain circumstances, lengths appeared to contract and clocks to slow down, are analogous to the effects of perspective in painting. In fact the discovery that space and time are relative rather than absolute terms of measurement is comparable, in its effect on our perception of the world, to the first use of perspective in art, which occurred in Greece in the two decades
c.
500–480 BC.
2

The originality of Einstein, amounting to a form of genius, and the curious elegance of his lines of argument, which colleagues compared to a kind of art, aroused growing, world-wide interest. In 1907 he published a demonstration that all mass has energy, encapsulated in the equation E = mc
2
, which a later age saw as the starting point in the race for the A-bomb.
3
Not even the onset of the European war prevented scientists from following his quest for an all-embracing
General Theory of Relativity which would cover gravitational fields and provide a comprehensive revision of Newtonian physics. In 1915 news reached London that he had done it. The following spring, as the British were preparing their vast and catastrophic offensive on the Somme, the key paper was smuggled through the Netherlands and reached Cambridge, where it was received by Arthur Eddington, Professor of Astronomy and Secretary of the Royal Astronomicai Society.

Eddington publicized Einstein’s achievement in a 1918 paper for the Physical Society cailed ‘Gravitation and the Principle of Relativity’. But it was of the essence of Einstein’s methodology that he insisted his equations must be verified by empiricai observation and he himself devised three specific tests for this purpose. The key one was that a ray of light just grazing the surface of the sun must be bent by 1.745 seconds of arc – twice the amount of gravitational deflection provided for by classical Newtonian theory. The experiment involved photographing a solar eclipse. The next was due on 29 May 1919. Before the end of the war, the Astronomer Royal, Sir Frank Dyson, had secured from a harassed government the promise of £1,000 to finance an expedition to take observations from Principe and Sobral.

Early in March 1919, the evening before the expedition sailed, the astronomers talked late into the night in Dyson’s study at the Royal Observatory, Greenwich, designed by Wren in 1675–6, while Newton was still working on his general theory of gravitation. E.T. Cottingham, Eddington’s assistant, who was to accompany him, asked the awful question: what would happen if measurement of the eclipse photographs showed not Newton’s, nor Einstein’s, but
twice
Einstein’s deflection? Dyson said, ‘Then Eddington will go mad and you will have to come home alone.’ Eddington’s notebook records that on the morning of 29 May there was a tremendous thunder-storm in Principe. The clouds cleared just in time for the eclipse at 1.30 pm. Eddington had only eight minutes in which to operate. ‘I did not see the eclipse, being too busy changing plates … We took sixteen photographs.’ Thereafter, for six nights he developed the plates at the rate of two a night. On the evening of 3 June, having spent the whole day measuring the developed prints, he turned to his colleague, ‘Cottingham, you won’t have to go home alone.’ Einstein had been right.
4

The expedition satisfied two of Einstein’s tests, which were reconfirmed by W.W. Campbell during the September 1922 eclipse. It was a measure of Einstein’s scientific rigour that he refused to accept that his own theory was valid until the third test (the ‘red shift’) was met. ‘If it were proved that this effect does not exist in
nature’, he wrote to Eddington on 15 December 1919, ‘then the whole theory would have to be abandoned’. In faet the ‘red shift’ was confirmed by the Mount Wilson observatory in 1923, and thereafter empiricai proof of relativity theory accumulated steadily, one of the most striking instances being the gravitational lensing system of quasars, identified in 1979–80.
5
At the time, Einstein’s professional heroism did not go unappreciated. To the young philosopher Karl Popper and his friends at Vienna University, ‘it was a great experience for us, and one which had a lasting influence on my intellectual development’. ‘What impressed me most’, Popper wrote later, ‘was Einstein’s own clear statement that he would regard his theory as untenable if it should fail in certain tests …. Here was an attitude utterly different from the dogmatism of Marx, Freud, Adler and even more so that of their followers. Einstein was looking for crucial experiments whose agreement with his predictions would by no means establish his theory; while a disagreement, as he was the first to stress, would show his theory to be untenable. This, I felt, was the true scientific attitude.’
6

Einstein’s theory, and Eddington’s much publicized expedition to test it, aroused enormous interest throughout the world in 1919. No exercise in scientific verification, before or since, has ever attracted so many headlines or become a topic of universal conversation. The tension mounted steadily between June and the actual announcement at a packed meeting of the Royal Society in London in September that the theory had been confirmed. To A.N.Whitehead, who was present, it was like a Greek drama:

We were the chorus commenting on the decree of destiny as disclosed in the development of a supreme incident. There was dramatic quality in the very Staging: the traditional ceremonial, and in the background the picture of Newton to remind us that the greatest of scientific generalizations was now, after more than two centuries, to receive its first modification … a great adventure in thought had at last come home to shore.
7

From that point onward, Einstein was a global hero, in demand at every great university in the world, mobbed wherever he went, his wistful features familiar to hundreds of millions, the archetype of the abstracted natural philosopher. The impact of his theory was immediate, and cumulatively immeasurable. But it was to illustrate what Karl Popper was later to term ‘the law of unintended consequence’. Innumerable books sought to explain clearly how the General Theory had altered the Newtonian concepts which, for ordinary men and women, formed their understanding of the world about them, and how it worked. Einstein himself summed it up thus: ‘The “Principle of Relativity” in its widest sense is contained in the
Statement: The totality of physical phenomena is of such a character that it gives no basis for the introduction of the concept of “absolute motion”; or, shorter but less precise: There is no absolute motion.’
8
Years later, R. Buckminster Fuller was to send a famous cable to the Japanese artist Isamu Noguchi explaining Einstein’s key equation in exactly 249 words, a masterpiece of compression.

But for most people, to whom Newtonian physics, with their straight lines and right angles, were perfectly comprehensible, relativity never became more than a vague source of unease. It was grasped that absolute time and absolute length had been dethroned; that motion was curvilinear. All at once, nothing seemed certain in the movements of the spheres. The world is out of joint’, as Hamlet sadly observed. It was as though the spinning globe had been taken off its axis and cast adrift in a universe which no longer conformed to accustomed standards of measurement. At the beginning of the 1920s the belief began to circulate, for the first time at a popular level, that there were no longer any absolutes: of time and space, of good and evil, of knowledge, above all of value. Mistakenly but perhaps inevitably, relativity became confused with relativism.

No one was more distressed than Einstein by this public misapprehension. He was bewildered by the relentless publicity and error which his work seemed to promote. He wrote to his colleague Max Born on 9 September 1920: ‘Like the man in the fairy-tale who turned everything he touched into gold, so with me everything turns into a fuss in the newspapers.’
9
Einstein was not a practising Jew, but he acknowledged a God. He believed passionately in absolute standards of right and wrong. His professional life was devoted to the quest not only for truth but for certitude. He insisted the world could be divided into subjective and objective spheres, and that one must be able to make precise statements about the objective portion. In the scientific (not the philosophical) sense he was a determinist. In the 1920s he found the indeterminacy principle of quantum mechanics not only unacceptable but abhorrent. For the rest of his life until his death in 1955 he sought to refute it by trying to anchor physics in a unified field theory. He wrote to Born: ‘You believe in a God who plays dice, and I in complete law and order in a world which objectively exists and which I, in a wildly speculative way, am trying to capture. I firmly
believe
, but I hope that someone will discover a more realistic way or rather a more tangible basis than it has been my lot to find.’
10
But Einstein failed to produce a unified theory, either in the 1920s or thereafter. He lived to see moral relativism, to him a disease, become a social pandemic, just as he lived to see his fatal equation bring into existence nuclear warfare. There were times, he said at the end of his life, when he wished he had been a simple watchmaker.
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