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PREFACE


The life and work of Albert Einstein continues to fascinate people across the world, even though he died in 1955. This book aims to provide a gentle introduction to Einstein’s theories on space, time, matter and energy, concentrating on the ideas that Einstein developed as well as considering the context in which he developed his ideas. The book is organized in 11 chapters, each dealing with a major aspect of Einstein’s theories and linked together through the historical development of his ideas. Key facts and ideas are highlighted at intervals in each chapter, and each chapter concludes with a summary.


To separate Einstein’s life story from his theories would not serve to convey in full the magnitude of Einstein’s achievements and attributes. The story of the first 25 years of his life is perhaps extraordinary because there were few clues then about the revolutionary nature of the work he would go on to produce between 1905 and 1916. None of his relatives or friends would have predicted that the youthful Einstein would become the greatest scientist of the twentieth century, and perhaps the greatest for several more centuries to come. Einstein’s theories of relativity discarded concepts that had been assumed, almost unquestioned, for thousands of years. Einstein provided a new understanding of space and time, and since then scientists and mathematicians have taken his work and developed it, finding new evidence to support his theories and making new predictions from them. Einstein caught the imagination of countless people in many countries, perhaps because of the mysterious nature of his theories, shrouded as they are in mathematical equations. They have led to enormously important results in science, and beyond science. Perhaps the most dramatic consequence of the ideas Einstein introduced has been to do with international politics and nuclear weapons, even though Einstein originally thought energy from nuclear reactions could not lead to such weapons. At the present time, the consequences of his work on special relativity continue to unfold as scientists strive to discover the fundamental nature of matter and energy, and his work on general relativity has provided the framework for the Big Bang Theory on the origin of the Universe. Read on to find out more about the awkward student who revolutionized the world of science.
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Einstein in Perspective








Although many years have passed since Einstein published his theories of relativity, the consequences of his famous equation E = mc2 have been profound. Using Einstein’s ideas, scientists continue to make discoveries in cosmology about the Universe and in high-energy physics about matter deep inside every atom. Theoreticians continue to explore Einstein’s ideas, making successful predictions of strange objects, such as black holes, and untested ideas such as wormholes in space-time. Many more years are likely to pass before the impact of Einstein’s ideas can be assessed in full, just as happened after Sir Isaac Newton (1642–1727) whose work in the late seventeenth century revolutionized science and provided the foundations of science and engineering for the next two centuries.


Einstein hit the headlines in dramatic fashion in 1919, and rapidly achieved public recognition. Before 1919, although Einstein had shaken the foundations of physics with his theories of light, matter and energy, he was not widely known beyond the scientific communities in Europe and America. His peaceful lifestyle as a Professor of Physics in Berlin came to an abrupt end in November 1919 when the results of an astronomical investigation into predictions from his General Theory of Relativity were announced. The man who discovered that space could bend was invited to lecture in many countries and was hosted by world leaders and royalty. He became the most famous scientist of the twentieth century, his name a byword for brain power. In this chapter, we shall look at the events of 1919 that turned Einstein from a highly regarded scientist into a household name and earning him the enduring reputation of being one of the most brilliant scientists the world has ever known.



A CHALLENGING ASSUMPTION



Imagine a laser light show where beams of coloured light criss-cross the night sky. The show would be even more spectacular if the light beams could be bent and twisted into arcs and spirals as they passed through the air. In 1916, long before the invention of the laser, Einstein worked out that a light beam is bent by gravity but that the bending is usually too small to notice. The idea of gravity had been the brainchild of Sir Isaac Newton who had put forward the theory in the seventeenth century that a force of attraction exists between any two objects due to the mass of each object. To explain how this force acts between the two objects even though they are not in direct contact, Newton invented the idea of gravity acting at a distance between two objects. For example, a space probe on a flight path that passes a planet would crash on the planet if its path took it too close, pulled down by the planet’s gravity. Newton took it for granted that space is an absolute quantity, the same everywhere and at all times. Perhaps Newton did ponder on the nature of the force of gravity between two objects, and maybe he thought about why two objects should affect each other, but his theory of gravity is essentially a statement that a force of gravity exists between any two objects, and that the force is stronger the closer the two objects are and the greater their respective masses.


 




KEYWORDS


Absolute: self-existent, without any dependence on anything else. Absolute space and absolute time were thought by Newton and others to exist independently and regardless of anything else.


Coordinates: used to locate the position of a point, like map references.





Einstein challenged Newton’s assumption that space is an absolute quantity that exists regardless of the presence or distribution of matter in the Universe. Nor did Einstein think much of Newton’s assumption that time is also an absolute quantity, running at the same rate throughout the Universe. Einstein realized that space and time are characterized by coordinates used to locate events, and he sought to express the mathematical laws of physics in terms of general equations that apply to any system of coordinates. He brought gravity into his theory by linking it to accelerated motion and proceeded to demonstrate that space moves matter and matter curves space. We will look in more detail at these ideas in Chapters 6 and 7 of this book.


No other scientist before Einstein had even attempted the task Einstein set for himself: to develop a general theory of space, time and gravity. It was to take Einstein almost ten years of intense intellectual effort before he succeeded. He published his work in 1916 as the The Foundation of the General Theory of Relativity and used it to show that gravity can distort space, and alter the path of light. The Earth’s gravity is too weak to distort space but Einstein predicted that light skimming the Sun is bent by a measurable amount by the Sun’s gravity. This was a prediction that could be tested in a total solar eclipse. Few scientists at the time took much notice of Einstein’s theory, probably because few had a sufficiently deep mathematical background to follow the complicated formulas and methods that Einstein had found necessary to use. Fortunately, Einstein’s work reached Sir Arthur Eddington (1882–1944), Plumian Professor of Astronomy at the University of Cambridge and a mathematical genius.



THE ECLIPSE THAT ECLIPSED NEWTON



A total eclipse of the Sun generates enormous interest in those parts of the world on the path of totality. Such an eclipse happens when the Moon passes exactly in front of the Sun, causing the Sun to be blocked from view in the area where the Moon’s shadow touches the Earth. Observers in the path of totality experience several minutes of darkness, providing invaluable moments for astronomers to observe and record the flaming gases of the solar corona that surrounds the Sun and cannot be seen during normal conditions. Total solar eclipses occur every few years, but totality covers a relatively small area of the surface of the Earth. The total eclipse of 1919 was the first total solar eclipse that scientists could use to test Einstein’s prediction that gravity bends light.


Einstein had published his General Theory of Relativity in 1916 and had used it to predict that the Sun’s gravity is capable of bending the path of light that skims the Sun from a distant star. The theory discards absolute space and time and leads to the conclusion that the shortest distance between two points in a region of space where gravity exists is not a straight line, and therefore that light follows a curve, not a straight line, when it passes through such a region. Few scientists at the time understood Einstein’s theory but his prediction that gravity bends light could be tested by taking a photograph of the stars near the Sun during a total solar eclipse and comparing it with a photograph taken of the same stars in the night sky. The distorting effect of the Sun’s gravity on the eclipse photograph would be apparent if the nearby stars appeared closer to the Sun than in the other photograph.


At the time Einstein published the General Theory of Relativity, Europe was in the midst of the Great War of 1914–1918. The armies of the British Empire, France, Russia and the other allied powers were locked in bitter conflict with the armies of Germany, Austria and the other central powers. Einstein’s theory eventually reached Britain and, in March 1917, Sir Frank Dyson, the Astronomer Royal, persuaded the British government to fund expeditions to South America and West Africa to photograph the total solar eclipse due on 25 May 1919. The expedition to West Africa was led by Sir Arthur Eddington who was also Director of the Observatory at the University of Cambridge. Eddington and his group recorded the eclipse on 16 photographic film plates. Over the next few nights, Eddington developed the plates and found the distortion predicted by Einstein clearly evident on one plate. The photographic plates taken by the South American expedition were returned to Britain for development to obtain better pictures than could be obtained on location. The decision to return the photographic plates to Britain for development proved wise as seven plates were found to show the predicted displacement of stars near the Sun. The good news reached Einstein in late September 1919 as a telegram, ‘Eddington found star displacement at Sun’, sent from Holland by fellow physicist, Hendrik Lorentz (1853–1928). The news filtered out slowly to the wider scientific community. The Royal Society and the Royal Astronomical Society in London met on 6 November 1919 to hear Dyson’s reports of the expedition and their results. J. J. Thomson, President of the Royal Society, stated that Einstein’s General Theory of Relativity ranks as ‘one of the greatest achievements in the history of human thought – a whole new continent of ideas’. The next day, The Times reported the conference and stated in an article, entitled ‘The Fabric of the Universe’, that the scientific conception of the Universe must be changed. In Berlin Einstein acquired instant fame worldwide. He was swamped by reporters, received sacks of letters and innumerable requests for newspaper articles and lecture tours. He responded to invitations to visit Britain and America and other countries, meeting countless politicians, Church leaders as well as other scientists. His informal manner and popular expositions of his work endeared him to people in all walks of life even though few could understand his theory. Perhaps the newness of his ideas appealed to people after the grim war years as they flocked to lecture halls to hear scientists explain why his theory changed our perception of the Universe.


Einstein discovered that fame is a double-edged sword, bringing problems as well as honours and influence. Einstein disliked nationalism and was a pacifist during the Great War. His General Theory of Relativity was attacked by a group of German scientists, led by Philipp Lenard who had been awarded the Nobel prize in 1905 for his investigations on electron beams or ‘cathode rays’ as they were then called. The ‘anti-relativity company’, as Einstein called them, attracted the support of right-wing nationalists who were attempting to undermine the German government. Einstein became a target of anti-Semitism in defeated Germany. In 1920, he and his supporters in the scientific world confronted the anti-relativity scientists at a conference in Germany guarded by armed police. The outcome failed to convince the anti-relativists but the support from his friends persuaded Einstein to remain in Germany instead of moving to a safer position abroad. Nevertheless, the hostility he experienced made him more aware than most that the political climate in Germany was turning hostile. On a visit to Prague in 1921 he confided to a fellow scientist that he might be forced to emigrate from Germany within ten years. In 1933, he left Germany for America and never returned.


Einstein was awarded the 1921 Nobel prize for physics as a result of his 1905 paper on the interaction between radiation and matter. The theory he put forward here had been tested successfully by experiments and also had practical applications. The General Theory of Relativity was not regarded at that stage as sufficiently proven by the awards committee. However, over the next two decades, Einstein’s stature and influence grew. By the end of the twentieth century, Einstein’s predictions from the General Theory of Relativity had been confirmed precisely in a large number of experiments and observations. There is little doubt that Einstein’s General Theory of Relativity is a giant leap in mankind’s progress towards a better understanding of the Universe and our place in it. We shall look in more detail at this theory and the evidence for it in the later chapters of this book after considering how Einstein progressed towards the theory, taking in his extremely important work on Special Relativity which in itself represented a big step forward.


 




KEYWORD


Radiation: energy that is carried by waves as they travel through a substance or space.
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•  The General Theory of Relativity, published by Einstein in 1916, expresses the laws of physics in terms of equations that apply to any system of coordinates. The theory predicted that light grazing the Sun from nearby stars is deflected by the Sun’s gravity.
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