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Praise for

How To Build A Time Machine

by Paul Davies

“A brisk, fascinating little book. The book is a delight—a terrific, for the most part accessible explanation of the theoretical foundation upon which the notion of time itself…can be understood.”

—San Diego Tribune

“Davies favors an economy of language and useful summaries for a subject that has bedeviled just about everyone at one time or another. He drags skeptics through and around all the big paradoxes and seeming physical impossibilities. One way or another, solutions are found for just about every objection one might make.”

—San Francisco Chronicle

“Davies approaches the problem [of building a time machine] with the can-do spirit of those old home-handyman guides. Davies is an old pro at this topic, and he does a commendable job of keeping the explanations simple.”

—Discover

“A concise ‘how-to’ guide outlining your basic time machine requirements. Studying time travel seems like a good way to understand the universe better. No issue better illustrates the depth of time’s mystery.”

—The Dallas Morning News

“Davies sets off on a challenging, occasionally whimsical examination of the theoretical and practical difficulties facing a ‘time machine’…bringing along his sense of humor.”

—The Philadelphia Inquirer
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A Brief History of Time Travel



	1895
	H. G. Wells publishes The Time Machine



	1905
	Albert Einstein publishes the special theory of relativity; time dilation predicted



	1908
	Einstein conjectures that gravity slows time



	1915
	Einstein’s general theory of relativity published



	1916
	Karl Schwarzschild presents the first black hole/wormhole solution of general relativity



	1916
	Ludwig Flamm discovers wormhole character of Schwarzschild’s solution



	1917
	Einstein proposes a cosmic repulsion force—the first conjecture about “antigravity”



	1934
	Black holes from collapsing stars predicted



	1935
	Einstein-Rosen bridge (wormhole) discussed



	1937
	W. J. van Stockum discovers the first solution of Einstein’s equations with time loops



	1948
	Kurt Gödel’s rotating universe found to incorporate time travel



	1948
	The Casimir effect discovered: negative-energy quantum states first discussed



	1957
	John Wheeler conjectures existence of wormholes



	1957
	Hugh Everett III proposes the many-universes, or parallel-realities, interpretation of quantum mechanics



	1963
	Doctor Who begins on BBC television



	1963
	Roy Kerr discovers that spinning black holes could contain time loops



	1974
	Cygnus X-1, the first serious contender for a black hole, discovered by X-ray satellite



	1976
	Frank Tipler shows time travel possible near infinite rotating cylinders



	1977
	Spinning black holes as gateways to other universes discussed



	1985
	The movie Back to the Future released



	1985
	Carl Sagan writes Contact



	1989
	Kip Thorne initiates study of wormhole time machines



	1990
	Stephen Hawking proposes the chronology protection conjecture



	1991
	J. Richard Gott III proposes cosmic-string time machine



	1999
	Michael Crichton’s book Timeline published





Prologue

What if it were possible to build a machine that could transport a human being through time?

Is that credible?

A hundred years ago, few people believed it possible for humans to travel through outer space. Time travel, like space travel, was merely science fiction. Today, spaceflight is almost commonplace. Might time travel one day become commonplace too?


Time travel is inconceivable. Kingsley Amis



Traveling in time is certainly easy to envisage. You step into the time machine, press a few buttons, and step out again, not just somewhere else, but somewhen else—another time altogether. Writers of science fiction have exploited this theme again and again since H. G. Wells blazed the trail with his famous 1895 story The Time Machine. British audiences (the author included) thrilled to the adventures of the time lord Doctor Who and his attractive lady accomplices. Hollywood movies such as Back to the Future and books such as Timeline make it all seem so easy.

So can it really be done? Is time travel a scientific possibility?

A moment’s thought uncovers some tricky questions. Where exactly are the past and future? Surely the past has disappeared and cannot be retrieved, while the future hasn’t yet come into being. How can a person go to a world that doesn’t exist? Sidestepping that, what about the inevitable paradoxes that come from visiting the past and changing it? What does that do to the present? And if time travel were feasible, where are all the time tourists from the future, coming back to peer curiously at twenty-first-century society?


I am afraid I cannot convey the peculiar sensations of time traveling. They are exceedingly unpleasant. H. G. Wells



There is no doubt that time travel poses some serious problems, even for physicists used to thinking about outlandish concepts like antimatter and black holes. But maybe that is because we are looking at time in the wrong way. After all, our view of time has changed dramatically over the years. In ancient cultures it was associated with process and change, and rooted in the cycles and rhythms of nature. Later, Sir Isaac Newton took a more abstract and mechanistic view. “Absolute, true and mathematical time, flowing equably without relation to anything external” was the way he expressed it, and this became the accepted notion among scientists for two hundred years.

Everyone assumed without question that, whatever one’s preferred definition, time is the same everywhere and for everybody. In other words, it is absolute and universal. True, we might feel time passing differently according to our moods, but time itself is simply time. The purpose of a clock is to circumvent mental distortions and record, objectively, the time. Implicit in this view is that time can be chopped up into three parts: past, present, and future. The present—now—is supposed to be the fleeting moment of true reality, with the past banished to history—mere shadowy memory—and the future still hazy and unformed. And that all-important now is taken to be the same moment throughout the universe: your now and my now are identical wherever we are and whatever we are doing.

Such is the commonsense picture of time, the one we use in daily life. Few people think about time any differently. But it’s wrong—deeply and seriously wrong.
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That it couldn’t be right became apparent about the turn of the twentieth century. The credit for exposing the flaws in the everyday notion of time is largely associated with the name of Albert Einstein and the theory of relativity. At a stroke, Einstein’s work demolished Newton’s view of both space and time, rendered meaningless the universal division of time into past, present, and future, and paved the way for time travel.

The theory of relativity is nearly a century old. Following publication of the so-called special theory of relativity in 1905, it was accepted by physicists almost immediately. Over the decades it has been exhaustively tested in many experiments. Today, the scientific community is unanimous that “time is relative” and the commonsense notion of an absolute time with a universal “now” is a fiction. Yet among the general public, the relativity of time still comes as something of a shock. Many people seem not to have heard about it at all. Some of them refuse flatly to believe it when told, in spite of the clear experimental evidence.

In the coming chapters we shall see how the theory of relativity implies
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