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The Big Questions Physics

Michael Brooks, author of the acclaimed
13 Things That Don’t Make Sense, holds a PhD
in quantum physics. He is a journalist and
broadcaster, and acts as physics and cosmology
consultant to New Scientist magazine. He has
lectured at Cambridge University, the
American Museum of Natural History and
New York University, and his writing has
appeared in many national newspapers,
including the Guardian, the Independent,
the Observer and the Times Higher Education.


The Big Questions confronts the fundamental
problems of science and philosophy that have
perplexed enquiring minds throughout history, and
provides and explains the answers of our greatest
thinkers. This ambitious series is a unique, accessible
and concise distillation of humanity’s best ideas.

Series editor Simon Blackburn is Professor of
Philosophy at the University of Cambridge,
Research Professor of Philosophy at the University
of North Carolina and one of the most
distinguished philosophers of our day.
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Introduction

The beauty of physics is summed up in one simple fact: a child can ask questions that no professor can answer. Indeed, searching out the ‘big questions’ in physics is rather like looking for hay in a haystack. When it comes to physics, it appears there is no such thing as a small question. A seemingly insignificant query or experiment can often lead to profound insight.

It is a short step, for instance, from asking whether the laws of physics can ever change or be broken to wondering whether there is room for a creator. It doesn’t stop there, either. Physics tells us a creator need not be divine; it could be that we live nested within an infinite number of universes, each created by a species only slightly more intelligent than its greatest creation. We may even be destined to become creators of a universe ourselves.

With such big issues at its fingertips, it is small wonder that the most iconic scientists of our generation have been immersed in physics. Albert Einstein became a celebrity almost overnight when his theory of relativity changed our conception of the universe. Carl Sagan’s TV programme Cosmos remains the most-watched series on public television. Richard Feynman’s cool appraisal of the physics behind the Challenger shuttle disaster revealed how powerful a working knowledge of the subject can be. Stephen Hawking’s work, laid out in his bestseller A Brief History of Time, created a thirst for scientific insight in people who had never given the sciences a thought. Only the discoverers of DNA, perhaps, can stand alongside these giants.

And yet, it has to be said, people also tend to recoil from physics. If I mention in casual conversation that I am a physicist by training, the announcement is met with a strange mixture of admiration and embarrassment. While expressing awe at anyone who would attempt to understand the universe, many also seem to consider the subject completely beyond them. ‘Oh,’ they say, ‘I never did understand physics.’

If you recognize yourself in that statement, then hopefully this book will change your perspective. Perhaps the best-kept secret in physics is that there is too much there for anyone to understand. This is not a problem, however: this is the root of its allure.

Physics has so much to explore that, once it captures your imagination, it is hard to tear yourself away. The clock on the wall becomes a tease about the elusive nature of time. Sunshine is what results from a beautiful, intricate dance of particles known as nuclear fusion. When raindrops fall to the ground, you can ask yourself a simple ‘why?’ Exploring the answer will keep you occupied through the longest thunderstorm. The way a sunflower grows speaks of the conservation of energy and how the nature of light has shaped life on Earth. Go a step further and ask what light is, and you are peering into something widely considered to be the deepest mystery in nature.

This book is designed to show how simple questions lead to some of the most profound discoveries that humanity has ever made. They encompass the physics you probably didn’t learn in class: the real point of the subject; its implications; what we understand about the universe – and what we don’t. Carl Sagan once said, ‘Somewhere, something incredible is waiting to be known.’ Hopefully, that process can begin here.


WHAT IS THE POINT OF PHYSICS?

Impossible questions, unexpected rewards, and the never-ending quest for understanding

The question has bounced around school classrooms for decades. The answer offered usually starts with an apocryphal tale involving the legendary Greek philosopher Archimedes and King Hiero’s crown.

Hiero had come to the throne in the Sicilian city of Syracuse. He gave a craftsman a certain quantity of gold to fashion into a crown; when the crown arrived, so did a rumour that the craftsman had substituted some of the gold for silver. Hiero commissioned Archimedes, then in his early twenties, to find the truth.

The story, as related by the Roman writer Marcus Vitruvius Pollio, says that Archimedes realized how to solve the problem when he noticed the volume of water that his body displaced in a bath. Silver, being less dense than gold, would displace more water. Archimedes performed a series of experiments that involved submerging lumps of silver and gold that weighed the same as the crown to see how much water each one displaced. This enabled Archimedes to tell if there was silver in the crown. In his jubilation, Archimedes rushed down the street naked, shouting ‘Eureka’: ‘I have found it’.

Is this the point of physics: to answer seemingly unanswerable questions? We are now able to look at our surroundings across an extraordinary breadth of scales. Where we once thought visible matter to be indivisible, we have gone smaller and smaller, down to the atom, and onward to the most fundamental particles, and ultimately to a view where matter is actually composed of fluctuations in the energy of empty space (see Are Solids Really Solid?). The sky was once the limit of our vision; now we know the universe to be so vast that it would take light nearly 28 billion years to cross (see Am I Unique?). And, it should not be forgotten, understanding the notion that light has a defined and constant speed is a hard-won triumph of physics, too (see Can We Travel Through Time?).

We know much of the history of the universe, the nature of matter and the structure of our planet, but perhaps the greatest lesson we have learned is that, whenever we think we have nature figured out, it surprises us again, revealing just how little we actually know. Isaac Newton probably put it best in his memoirs: ‘I do not know what I may appear to the world,’ he wrote, ‘but to myself I seem to have been only like a boy playing on the sea-shore, and diverting myself in now and then finding a smoother pebble or a prettier shell than ordinary, whilst the great ocean of truth lay all undiscovered before me.’



‘I do not know what I may appear to the world,’ he wrote, ‘but to myself I seem to have been only like a boy playing on the sea-shore, and diverting myself in now and then finding a smoother pebble or a prettier shell than ordinary, whilst the great ocean of truth lay all undiscovered before me.’

ISAAC NEWTON



An alternative to superstition

If there is one aspect of physics’ achievements that Newton perhaps appreciated less than most, it was the subject’s ability to slice through mysticism and superstition. Newton was a great alchemist and a biblical scholar; he considered his writings on the Old Testament book of Daniel his greatest work. Whenever physics threatened to cast doubts upon spiritual matters, Newton would cringe. ‘I have studied these things – you have not,’ was his constant retort to astronomers’ criticisms of religion. Newton left room for God’s work in the mechanism of his ‘clockwork heavens’ but the march of physics soon displaced the divine hand. When the Emperor Napoleon questioned Pierre-Simon Laplace about his newly published treatise on celestial mechanics, he remarked on the absence of God in the mechanism. ‘I have no need of that hypothesis,’ Laplace replied. The point of physics, in many ways, is to find what, in the universe, is explicable by a set of laws, and the simpler the laws the better.

Until around 600 BC, civilizations developed technologies but thought little about how to make sense of the world: that was for the prophets and the sages. Then came the Milesians. The city of Miletus, on the west coast of modern Turkey, was home to a mode of thought that would be recognizable to today’s scientists as a thirst for real, first-hand understanding. Rather than having the universe’s secrets obscured by mystical religious concerns, the Milesians sought laws to explain the phenomena of nature, and came up with theories for the causes of Earthquakes, lightning and the structure of the universe, among other things.

The Milesians debated these theories openly, considered how they might be tested, and accepted the results of experiments as the arbiter of truth. Anaximenes of Miletus is credited with performing the world’s first scientific experiment. His observations of how the temperature of exhaled breath seems to vary depending on whether the lips are pursed or wide open, led him to conclude that compression causes cooling, and expansion causes heating.

The fact that Anaximenes was exactly wrong here is another lesson in the point of physics. It teaches us that we cannot ever be sure of anything that is ‘received wisdom’; accepted theories, and even ‘facts’ about how things in the universe work, are often proved wrong, and supplanted by new ideas. These, too, are open to falsification. Physics is a process of testing everything – especially those things we most want to be true.

It is for this reason that physics is somewhat devoid of ‘scientific saints’. It is not so much a discipline of ideas as a discipline of consensus arrived at through the gathering of experimental evidence. Those who fail to accept the results of experiments – and do not provide good reasons why others should join them on the ‘wrong’ side of the fence – tend to be given short shrift.


PROVIDING THE LAWS BY WHICH SOCIETY RUNS

James Wilson, who played a significant role in the drafting of the American Constitution and became one of George Washington’s six original supreme court justices, took the ideas of physics to heart. When defining the role of government in his Lectures on Law, he said, ‘Each part acts and is acted upon, supports and is supported, regulates and is regulated by the rest … there is a necessity for movement in human affairs; and these powers are forced to move, though still to move in concert.’

Wilson’s statement is worthy of Isaac Newton – it invokes the same laws of interaction that allowed Newton to deduce how the solar system worked. What’s more, the link from Newton to political theory is not a hard one to trace. Newton was inspired by Copernicus, who acknowledged the work of Aristarchus of Samos, who lived in Greece between 310 and 230 BC. Aristarchus was, in turn, inspired by the Greek philosopher, aristocrat and politician Plato. Plato’s greatest contribution to civilization is considered to be his Republic, an examination of how best to run a society. But Plato was a distinguished astronomer too – he was the first person to recognize, for instance, that anomalies in the motion of the planets might be resolved by finding some combination of circular motions.

Plato thought physics an excellent training for a politician. Leaders should learn physical sciences such as astronomy, Plato once declared; not because they help in stargazing or navigation, but because they provide an education in the techniques of abstract thought that are essential to leadership. The same skills are still highly valued today: trained physicists are very much in demand outside the laboratory walls – in finance, business and government.



More than the sum of the parts

The physicists Albert Einstein and Richard Feynman provide a suitable illustration of the way physics is bigger than any physicist. Though now venerated as a public icon, Einstein did not die a hero to other physicists. On the contrary, his later life is remembered with a tinge of regret at his ultimate quest. Einstein’s best-known work was done early in his career. He made a seminal contribution to quantum theory with the experimental discovery of the photon, the quantum of energy (see What is Light?).

This destroyed the centuries-old view that light must be a wave. Then his special theory of relativity changed our notion of time. His elucidation of the idea that mass and energy are interchangeable (see Why Does E = mc2?) was a revelation about the fundamentals of matter. The general theory of relativity rewrote Newton’s gravitational work after nearly four centuries of acceptance (see Why Does an Apple Fall?).

After that, though, Einstein’s views grew irrelevant to physics. The quantum revolution changed the face of the subject, but Einstein refused to accept quantum theory as a useful way to describe the universe. He spent his later years working, to no avail, on a theory that would unite electromagnetism and relativity and render quantum theory an unnecessary innovation. The number of physicists who would work with him and support him dwindled throughout his life.

Richard Feynman is perhaps the second most famous physicist after Einstein. He was a great popularizer of the subject, a great and innovative thinker, and – most significantly of all – remains a great hero to those working in the field. Feynman never reached Einstein’s dizzy heights of achievement, but he did more than most, contributing to the creation of quantum electrodynamics, or QED, a theory that describes the interactions of light and matter (see What is Light?). It is widely feted as our most successful theory of physics.



‘The first principle is that you must not fool yourself – and you are the easiest person to fool.’

RICHARD FEYNMAN



One of Feynman’s greatest strengths as a physicist was his ability to listen to the convictions of his peers, bow to the law of evidence, and admit that he was always working from a position of ignorance. He famously said that, ‘The first principle is that you must not fool yourself – and you are the easiest person to fool.’ His unwillingness to fool himself is summed up in his appraisal of the theory that became Einstein’s downfall. ‘I think I can safely say that nobody understands quantum mechanics,’ he wrote in The Character of Physical Law. ‘Do not keep saying to yourself, if you can possibly avoid it, ‘But how can it be like that?’ because you will get … into a blind alley from which nobody has yet escaped. Nobody knows how it can be like that.’

This is the reason the older Einstein is not revered by physicists, and Feynman is. While Einstein led himself into a blind alley, Feynman admitted his limited understanding, and followed others as they made forays into new territory. This is another component of the point of physics: progress by building on the achievements of others. As Newton put it, ‘If I have seen further it is only by standing on the shoulders of giants.’



‘If I have seen further it is only by standing on the shoulders of giants.’

ISAAC NEWTON



Thanks to quantum theory, physics has even taken the extraordinary step of defining some limits for itself. The Heisenberg uncertainty principle (see Is Everything Ultimately Random?) sets in stone the fact that there are limits to what physics can tell us about a system.

A humble discipline

When we examine the equations that govern the motion of an electron, say, we can see how they tell us its momentum, or its velocity. There is no means by which they can tell us, precisely, about both the momentum and the velocity, however. The two can be found to only a finite precision.

Werner Heisenberg saw the practical side of this: there are limits to what our experiments can reveal. Bounce a photon of light off the electron, and you can infer its position, but the photon will have imparted some momentum to the electron, too. Thus the act of determining the position of the electron creates an uncertainty in the value of its momentum. Conversely, a measurement of momentum will always create an uncertainty in a particle’s position. Whether you look at theory or experiment, there are strict limitations to what we can find out. Physics, in many ways, is a humble discipline. But there’s plenty to be humble about, as the physicists behind the atomic bomb will testify.

If you had posed the question ‘what is the point of physics?’ to Western governments after the Second World War, you would have been greeted by disbelief that you even had to ask. Physics was everything, as the war had shown. Physics had given us fantastic technological innovations: radar, computers, the atomic bomb, and, of course, televisions and microwave ovens. Physics was set to be the driver of economies, and the protector of nations. Pose the same question to physicists, however, and you might have got a rather more subdued response.

Immediately after the first test of the atomic bomb in New Mexico, the Harvard physicist Kenneth Bainbridge turned to Robert Oppenheimer, the project leader. ‘Now we’re all sons of bitches,’ he said. Oppenheimer was dealing with his own mixed emotions: decades later, he admitted they all knew at that moment that the world would never be the same. And yet, Oppenheimer said, put in the same situation, he would do it all again. ‘If you are a scientist, you cannot stop such a thing,’ he said in his retirement speech in 1945. ‘If you are a scientist, you believe that it is good to find out how the world works … that it is good to turn over to mankind at large the greatest possible power to control the world.’

The world in our pocket

Is this the point of physics: to gain control over the world? It is true that physics – or at least the industrial application of physics – has created the modern world. If our age can be defined by one thing, it is probably the microelectronics revolution: television, computing, the Internet, and mobile communications, to mention but a few aspects. All of it was built on the back of physics. To be more specific, it was built on the back of silicon technology. During the Second World War, the developers of radar worked to create ever-purer crystals of silicon and germanium for the equipment. Physicists – above all the ones employed by Bell Labs in the USA – continued that development after the war, learning how to turn them into ‘semiconductors’ and incorporate them into technologies that had previously required inefficient and bulky valve amplifiers. By 1952, the first silicon-based electronics products had hit the market: low-power and highly portable devices, such as hearing aids and pocket radios. A year later, the first transistor-driven computer appeared. Shortly after that, people started to refer to the concentration of electronics companies in a small area of northern California as ‘Silicon Valley’.

It is not hard to see the impact of physics on our lives. Lasers provide a specific example. Lasers also came from Bell Labs, and stemmed from wartime research into radar technology. Since their invention in 1957, they have become ubiquitous in everyday life. CD and DVD players, fibre-optic communications systems such as the telephone network, supermarket checkout scanners, eye surgery and laser printers are just a few of the applications.

So, is the development of technology the point of physics? Not at all. The technological revolutions of the 20th century came about as a result, ultimately, of the discovery – or invention, if you prefer – of quantum theory. That was the result of trying to unravel things no one understood, such as why the spectrum of radiation emitted by an oven at 100 celsius was the same as the spectrum of radiation emitted by anything else at 100 celsius, rather than specifically trying to invent new devices.

In essence, our modern electronic technologies, come from quantum theory, which came from thermodynamics, the study of heat. That arose from the study of gases – and so on. Physics is a self-sustaining chain reaction: every discovery provokes another set of questions, which provoke new discoveries. As George Bernard Shaw once said, ‘science never solves a problem without creating ten more’.

A never-ending story

There is no end of questions in sight. Physicists used to be fond of saying their work was done. In 1894, the American physicist Albert Michelson announced that, ‘The most important fundamental laws and facts of physical science have all been discovered, and these are now so firmly established that the possibility of their ever being supplemented by new discoveries is exceedingly remote.’ Within a decade, we had the twin revolutions of relativity and quantum theory.

In 1888, the astronomer Simon Newcomb had announced the end of astronomy: there was little left in the heavens to discover, he suggested. Newcomb was wrong too. Our view of the cosmos has probably changed more radically since Newcomb’s time than it did in the thousands of years of scientific discovery that took place before he was born. Although the major breakthroughs of the last century showed us where we came from, outlining the entire history of the universe, the hubris is gone from our world view; with the discovery that most of the universe is in a form unknown to science, physicists now appreciate that they have got to grips with only a tiny percentage of the universe.

There is, it has to be said, one end in sight: the theory of everything. If physics began with the Milesian quest for the laws governing natural phenomena, it will (theoretically) end with the discovery of just one law: the ultimate description of the universe. This ‘theory of everything’ will reduce all the particles, the forces that govern their interactions and the space and time in which their existence plays out, to a single unified description (see Is String Theory Really About Strings?).

At the moment, we are far from achieving that goal, but here, perhaps, we have found the true point and the essence of physics: to discover the span of our ignorance, and to do what we can to reduce it. Sometimes, as with the atomic bomb, there is a price to be paid for this journey of discovery. Sometimes, as with the development of quantum mechanics, we reap great practical rewards from it. But most of the time, physicists will tell you, physics is simply about the thrill of discovery – and then discovering that our discoveries have made the world more interesting, not less. As the poet John Dryden said, ‘Joy in looking and comprehending is nature’s most beautiful gift.’
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