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Praise for The Known Unknowns

‘A teacher once told me that the purpose of education was to impart awareness of one’s ignorance, and out of that come humility and curiosity. Lawrence Krauss is the joyous incarnation of that teacher. His prose is limpid, his manner is patient and good-willed. He uses an archaeologist’s brush (as it were) to dab at the outer limits of our understanding. He is one of our finest and most readable celebrators and explicators of science, and in The Known Unknowns he has found his perfect subject. Both layperson and scientist can travel with Krauss and know the thrill of both the known unknowns and the anticipation of the unknown unknowns. The Known Unknowns is also a precious cabinet of curiosities – I did not know that black holes were first proposed by a clergyman in 1783. Science has taught us much in the past 400 years, but the basics of the everyday – time, space, matter, consciousness and life itself – do not yet have their definitive descriptions. Krauss convinces his reader that “there remain remarkable mysteries to be uncovered”. As Darwin famously observed, there is grandeur in this view of life.’

Ian McEwan, author of Lessons and Machines Like Me

‘A fascinating exploration, with an expert and thoughtful guide, through the domains of what is reasonably well understood, what we can at least think about seriously, and those tantalizing areas that always seem to lurk beyond our grasp.’

Noam Chomsky, Institute Professor Emeritus, MIT, and Laureate Professor, University of Arizona

‘What an achievement: science, the beauty of science, the adventure of science so well expressed. Even a wretched innumerate like me can grasp the excitement of the key stories in discovery that Lawrence Krauss tells with such spellbinding clarity and generous authority. Throughout it all runs a vivid and deeply important reminder of science’s respect for mistakes: doubt, the unknown and contingent truths that are always up for being questioned, reassessed, and refined. A book that reawakens wonder.’

Stephen Fry, actor, author, broadcaster and campaigner

‘Krauss has a genius for making science understandable and exciting in equal parts. This account of some of the key puzzles in physics is a wonderfully lucid and stimulating introduction, which only a real scientist with an enthusiastic gift for communication could achieve. Krauss ticks both boxes handsomely. It adds to his remarkable body of work in making the world more scientifically literate and greatly more rational.’

Anthony Grayling, Professor of Philosophy and Principal, New College of Humanities, and author of For the Good of the World: Why Our Planet’s Crises Need Global Agreement Now

‘With the ease of a master, Lawrence Krauss takes us on a sightseeing tour to the biggest unknowns in the universe. A breath-taking trip to the frontiers of knowledge and beyond.’

Sabine Hossenfelder, physicist and author of Existential Physics: A Scientist’s Guide to Life’s Biggest Questions

‘This fascinating book offers a highly readable exposition of the fundamental questions that perplex us most – those that lie on (or beyond) the current frontiers of human knowledge. Lawrence Krauss is a fine scientist with a broad perspective. And he’s also an excellent writer, able to expound deep mysteries in language that’s always clear, and often entertaining too. Anyone with an enquiring mind should enjoy this book – it deserves a very wide readership.’

Martin Rees, Astronomer Royal, Former President of the Royal Society and Master of Trinity College, Cambridge

‘The Known Unknowns takes us on a stirring tour of the cosmic frontier, where our knowledge is incomplete, our understanding is fragmentary, and our insights are flawed. But that’s precisely the terrain that science navigates daily when decoding the operations of nature. And for that, there’s no better tour guide than Lawrence Krauss.’

Neil deGrasse Tyson, astrophysicist, American Museum of Natural History

‘In The Known Unknowns, Lawrence Krauss dispels the classroom notion of science as a collection of facts, showing that it is really a disciplined way of exploring the unknown. His deft traverse from the vastness of the universe to the intricacies of life lays bare the enduring unknowns that will motivate research for years to come.’

Andrew Knoll, Fisher Research Professor of Natural History, and Research Professor of Earth and Planetary Sciences, Harvard University, and author of A Brief History of Earth: Four Billion Years in Eight Chapters

‘Lawrence Krauss knows science. Even more impressive Lawrence can explain science (even to me). This book is about the crucial stuff that Lawrence knows and some stuff that even Lawrence doesn’t know (and neither does anyone else). He explains clearly what no one knows, so we can all help figure it out.’

Penn Jillette, magician, actor, TV host and author of Random
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To my family and my real friends,

For your generous support through turbulent times.


 

 

I don’t feel frightened not knowing things, by being lost in a mysterious universe without any purpose, which is the way it really is as far as I can tell.

Richard P. Feynman

As we know, there are known knowns; there are things we know we know. We also know there are known unknowns; that is to say we know there are some things we do not know. But there are also unknown unknowns—the ones we don’t know we don’t know.

Donald Rumsfeld
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Foreword

Three of the most important words in science are: “I don’t know.” Therein lies the beginning of enlightenment because not knowing implies a universe of opportunities—the possibility of discovery and of surprise.

If history is any guide, there is a lot more about the universe that we don’t know than we do. Sometimes that is incorrectly taken to imply that we know almost nothing. In truth we know a great deal, and that guides us in our search to learn more. But the recognition that many cosmic mysteries still remain provides a long-term hopefulness to the scientific enterprise, not to mention a kind of cosmic job security.

The limits of the world we understand have moved further and further beyond the universe of our direct experience over the past five hundred years of modern science. Yet the fundamental mysteries of existence persist: How did our universe begin, if it even had a beginning? How will it end? How big is it? What lies beyond what we can see? What are the fundamental laws governing our existence? Are those laws the same everywhere? What is the world of our experience made of? What remains hidden? How did life on earth arise? Are we alone? What is consciousness? Is human consciousness unique?

These questions continue to drive our explorations, but like venturing further into dark woods, persistent cosmic mysteries get deeper and more exciting. It is a lesson of history that each discovery raises new puzzles, giving us a vital new perspective on what the significance and meaning of these same fundamental questions are.

The mysteries are moving targets, and they define the scientific forefront—the threshold of the unknown. To explore that threshold is to gain a deeper understanding of just how far science has progressed. That is the purpose of this book.

Appreciating exactly what it is that we don’t know requires some intellectual preparation, which can be extensive for those preparing for a career in science. Getting to that point represents the transition between being a student and becoming a professional researcher. But to get a basic perspective, rather than mastery, of the current limits of knowledge is something that can be done more readily.

This book is designed to give lay readers such a perspective. It is structured around the big outstanding mysteries mentioned earlier, with chapters broadly based on time, space, matter, life, and consciousness. Each section addresses a series of apparent mysteries that will be listed at the beginning of that section. The result, I hope, will be a celebration of knowledge rather than of ignorance. It is an invitation to ponder and appreciate the universe in which we live.

*

The physicist Richard Feynman speculated about whether we might ultimately develop a single theory that explained all cosmic phenomena. He doubted it, and so do I. But as he put it, even if reality is like some infinite cosmic onion and each new development is merely another layer peeled back, that would be good enough for him. He just wanted to know more about the universe today than he did yesterday. And each time he did, I suspect he was surprised. Because that, to me, is the most fascinating aspect of the cosmos: that it keeps surprising us. The imagination of nature is far greater than the imagination of humans. In my own work, every day I am surprised if I am not surprised.

That is why we have to keep probing with our experiments. If we merely theorized or speculated, it is most likely we would wander off on the wrong trail. Our experiments keep us on the right track, and they keep us honest. We try to follow a path laid out by nature, but the markers are hidden in advance, and the destination is not always clear.

Donald Rumsfeld’s infamous quote resonates here. The most exciting discoveries in science generally involve the “unknown unknowns”, because that is where the greatest surprises lie, and where new trajectories of knowledge begin.

But if we knew what these unknown unknowns were, they wouldn’t be unknown unknowns. So, as we ponder nature at the limits of our knowledge, and perhaps also at the limits of our imagination, we make do with what we have: the known unknowns. Fortunately, by pushing on these, we are often repaid with unexpected answers, and new questions.

It is my fervent hope that in a generation from now, many of the universe’s mysteries as I have framed them here will seem quaint or poorly conceived. The questions may remain unchanged, but our perspective on them will likely be completely altered. This book then may serve for that future generation as a reminder of how much science has progressed, much as Sir James Jeans’s classic 1930 masterpiece The Mysterious Universe—which had a huge impact on the public’s perception of science at that time—does for us now nearly a century after its publication.

I hope to be around to watch that happen.


1

TIME

Is time universal?

Does time have a beginning?

Can time end?

Is time travel possible?
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