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Introduction

WW are scientists so excited about string theory? Because string
theory is the most likely candidate for a successful theory of quantum

gravity — a theory that scientists hope will unite two major physical laws of
the universe into one. Right now, these laws (quantum physics and general
relativity) describe two totally different types of behavior in totally differ-
ent ways, and in the realm where neither theory works completely, we really
don’t know what’s going on!

Understanding the implications of string theory means understanding pro-
found aspects of our reality at the most fundamental levels. Are there paral-
lel universes? Is there only one law of nature or infinitely many? Why does
our universe follow the laws it does? Is time travel possible? How many
dimensions does our universe possess? Physicists are passionately seeking
answers to these questions.

Indeed, string theory is a fascinating topic, a scientific revolution that prom-
ises to transform our understanding of the universe. As you’ll see, these sorts
of revolutions have happened before, and this book helps you understand
how physics has developed in the past, as well as how it may develop in the
future.

This book contains some ideas that will probably, in the coming years, turn
out to be completely false. It contains other ideas that may ultimately prove
to be fundamental laws of our universe, perhaps forming the foundation for
whole new forms of science and technology. No one knows what the future
holds for string theory.

About This Book

In this book, I aim to give a clear understanding of the ever-evolving scien-
tific subfield known as string theory. The media is abuzz with talk about this
“theory of everything,” and when you’re done with this book you should
know what they’re talking about (probably better than they do, most of the
time).
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In writing this book, I've attempted to serve several masters. First and fore-
most among them has been scientific accuracy, followed closely by entertain-
ment value. Along the way, I've also done my best to use language that you
can understand no matter your scientific background, and I've certainly tried
to keep any mathematics to a minimum.

In writing this book, I set out to achieve the following goals:
v Provide the information needed to understand string theory (including
established physics concepts that predate string theory).

v Establish the successes of string theory so far.

v Lay out the avenues of study that are attempting to gain more evidence
for string theory.

v Explore the bizarre (and speculative) implications of string theory.

v Present the critical viewpoints in opposition to string theory, as well as
some alternatives that may bear fruit if it proves to be false.

1 Have some fun along the way.

v Avoid mathematics at all costs. (You're welcome!)
[ hope you, good reader, find that I've been successful at meeting these goals.

And while time may flow in only one direction (Or does it? | explore this in
Chapter 16), your reading of this book may not. String theory is a complex
scientific topic that has a lot of interconnected concepts, so jumping between
concepts is not quite as easy as it may be in some other For Dummies ref-
erence books. I've tried to help you out by including quick reminders and
providing cross-references to other chapters where necessary. So feel free

to wander the pages to your heart’s content, knowing that if you get lost you
can work your way back to the information you need.

Conventions Used in This Book

The following conventions are used throughout the text to make things con-
sistent and easy to understand:

v l use monofont for Web sites. Note: When this book was printed, some
Web addresses may have needed to break across two lines of text. If that
happened, rest assured that I haven’t put in any extra characters (such
as hyphens) to indicate the break. So, when using one of these Web
addresses, just type in exactly what you see in this book, as though the
line break doesn’t exist.
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v I've done my best not to fill the book with technical jargon, which is
hard to do in a book on one of the most complex and mathematically
driven scientific topics of all time. When I use a technical term, it’s in
italics and closely followed by an easy-to-understand definition.

+ Bold is used to highlight key words and phrases in bulleted lists.

Finally, one major convention used in this book is in the title: I use the term
“string theory.” In Chapter 10, you discover that string theory is actually
called superstring theory. As you see in Chapter 11, in 1995 physicists real-
ized that the various “string theories” (five existed at the time) included
objects other than strings, called branes. So, strictly speaking, calling it by
the name “string theory” is a bit of a misnomer, but people (including string
theorists themselves) do it all the time, so I'm treading on safe ground. Many
physicists also use the name M-theory to describe string theory after 1995
(although they rarely agree on what the “M” stands for), but, again, I will
mostly refer to it just as “string theory” unless the distinction between differ-
ent types matters.

What Vou're Not to Read

All the chapters provide you with important information, but some sections
offer greater detail or tidbits of information that you can skip for now and
come back to later without feeling guilty:

v Sidebars: Sidebars are shaded boxes that give detailed examples or
explore a tangent in more detail. Ignoring these won’t compromise your
understanding of the rest of the material.

v Anything with a Technical Stuff icon: This icon indicates information
that’s interesting but that you can live without. Read these tidbits later if
you’re pressed for time.

Foolish Assumptions

About the only assumption that I've made in writing this book is that you're
reading it because you want to know something about string theory. I've tried
to not even assume that you enjoy reading physics books. (I do, but I try not
to project my own strangeness on others.)

[ have assumed that you have a passing acquaintance with basic physics
concepts — maybe you took a physics class in high school or have watched
some of the scientific programs about gravity, light waves, black holes, or
other physics-related topics on cable channels or your local PBS station.
You don’t need a degree in physics to follow the explanations in this book,
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although without a degree in physics you might be amazed that anyone can
make sense of any theory this disconnected from our everyday experience.
(Even with physics degree, it can boggle the mind.)

As is customary in string theory books for the general public, the mathemat-
ics has been avoided. You need a graduate degree in mathematics or physics
to follow the mathematical equations at the heart of string theory, and while
[ have a graduate degree in mathematics, I've assumed that you don’t. Don’t
worry — while a complete understanding of string theory is rooted firmly

in the advanced mathematical concepts of quantum field theory, I've used a
combination of text and figures to explain the fascinating ideas behind string
theory.

How This Book Is Organized

String Theory For Dummies is written so you can easily get to the information
you need, read it, and understand it. It’s designed to follow the historical
development of the theory as much as possible, though many of the concepts
in string theory are interconnected. Although I've attempted to make each
chapter understandable on its own, I've included cross-references where con-
cepts repeat to get you back to a more thorough discussion of them.

Part I: Introducing String Theory

This first part of the book introduces the key concepts of string theory in a
very general way. You read about why scientists are so excited about finding
a theory of quantum gravity. Also, you get your first glimpse into the suc-
cesses and failures of string theory.

Part 1I: The Physics Upon Which
String Theory Is Built

String theory is built upon the major scientific developments of the first

70 years or so of the 20th century. In this part, you find out how physicists
(and scientists in general) learn things and what they’ve learned so far. Part
Il includes chapters on how science develops, classical physics (before
Einstein), Einstein’s theory of relativity, quantum physics, and the more
recent findings in particle physics and cosmology. The questions raised in
these chapters are those that string theory attempts to answer.
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Part I11: Building String Theory:
A Theory of Everything

You get to the heart of the matter in this part. I discuss the creation and
development of string theory, from 1968 to early 2009. The amazing transfor-
mations of this theory are laid out here. Chapter 12 focuses on ways that the
concepts of string theory can be tested.

Part IU: The Unseen Cosmos: String Theory
on the Boundaries of Knowledge

Here I take string theory out for a spin in the universe, exploring some of the
major concepts in greater detail. Chapter 13 focuses on the concept of extra
dimensions, which are at the core of much of string theory study. Chapter 14
explores the implications for cosmology and how string theory could explain
certain properties of our universe. Even more amazing, in Chapters 15 and
16, you discover what string theory has to say about possible parallel uni-
verses and the potential for time travel.

Part U: What the Other Guys Say:
Criticism and Alternatives

The discussion gets heated in this part as you read about the criticisms of
string theory. String theory is far from proven, and many scientists feel that
it’s heading in the wrong direction. Here you find out why and see what alter-
natives they’re posing, such as loop quantum gravity (string theory’s biggest
competitor). If string theory is wrong, scientists will continue to look for
answers to the questions that it seeks to resolve.

Part Ul: The Part of Tens

In the For Dummies tradition, the final chapters of this book present lists of
ten topics. Chapter 20 sums up ten outstanding physics questions that scien-
tists hope any “theory of everything” (including string theory) will answer.
Chapter 21 focuses on ten string theorists who have done a lot to advance
the field, either through their own research or by introducing string theory
concepts to the world through popular books.

5
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Icons Used in this Book
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Throughout the book, you'll find icons in the margins that are designed to
help you navigate the text. Here’s what these icons mean:

Although everything in this book is important, some information is more
important than other information. This icon points out information that will
definitely be useful later in the book.

In science, theories are often explained with analogies, thought experiments,
or other helpful examples that present complex mathematical concepts in a
way that is more intuitively understandable. This icon indicates that one of
these examples or hints is being offered.

Sometimes I go into detail that you don’t need to know to follow the basic dis-
cussion and is a bit more technical (or mathematical) than you may be inter-
ested in. This icon points out that information, which you can skip without
losing the thread of the discussion.

Where to Go from Here

The For Dummies books are organized in such a way that you can surf
through any of the chapters and find useful information without having to
start at Chapter 1. I (naturally) encourage you to read the whole book, but
this structure makes it very easy to start with the topics that interest you
the most.

If you have no idea what string theory is, then [ recommend looking at
Chapter 1 as a starting point. If your physics is rusty, pay close attention to
Chapters 5-9, which cover the history and current status of the major phys-
ics concepts that pop up over and over again.

If you're familiar with string theory but want some more details, jump
straight to Chapters 10 and 11, where I explain how string theory came about
and reached its current status. Chapter 12 offers some ways of testing the
theory, while Chapters 13-16 take concepts from string theory and apply
them to some fascinating topics in theoretical physics.

Some of you, however, may want to figure out what all the recent fuss is with
people arguing across the blogosphere about string theory. For that, [ recom-
mend jumping straight to Chapter 17, which addresses some of the major
criticisms of string theory. Chapters 18 and 19 focus heavily on other theo-
ries that may either help expand or replace string theory, so they’re a good
place to go from there.
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In this part . . .

n these classic For Dummies Part of Tens chapters, |
offer some greater insights into what string theory
might accomplish and the people closest to it.

[ explore ten concepts that physicists hope a “theory of
everything” will explain, whether or not string theory
turns out to be that theory.

[ also give you some background on ten of the most
prominent string theorists working to show that string
theory is the way to unite quantum theory and general
relativity.

Finally, [ look at ten string theory skeptics — those who
believe that string theory has probably outlived its
usefulness, if it ever was useful.




Chapter 20

Ten Questions a Theory of
Everything Should (Ideally)
Answer

In This Chapter

Hoping to unlock the secrets of the origin and end of the universe
Wondering why our universe has the parameters it does

Seeking explanations for dark matter, dark energy, and other mysteries

A ny “theory of everything” — whether it be string theory or something
else — would need to answer some of the most difficult questions that
physics has ever asked. These questions are so difficult that the combined
efforts of the entire physics community have so far been unable to answer
them. Most physicists have, historically, believed that a theory of everything
would provide a unique reason why the universe is the way it is — as
opposed to the anthropic principle, which is based on our universe not being
unique. Many physicists today question whether there can ever be a single
theory that answers all of these questions.

In this chapter, I consider the questions of what started the universe,
including why the early universe had exactly the properties it had. This
includes the solutions to other questions of cosmology, such as the nature
of black holes, dark matter, and dark energy. I also explore the problem of
understanding what really happens in the strange realm of quantum physics.
Finally, I discuss the need for a fundamental explanation of time and a
reasonable look ahead at the end of the universe.
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The Big Bang: What Banged
(and Inflated)?

Currently, physics and cosmology tell us that the universe as we know it
started about 14 billion or so years ago, in a singularity at which the laws of
physics break down. Most scientists believe in a rapid inflation that occurred
moments afterward, expanding space rapidly. When the inflation period
slowed down, we entered into a period where space continued to expand at
the rate we see today (or a bit less, given dark energy’s influences).

This breaks the question of the universe’s origin into two parts:

» What were the initial conditions that triggered the big bang?

»* What caused the repulsive gravity of the inflation era to end?

In Chapter 14, I offer some explanations for how string theory can solve these
questions. Even if string theory fails, any theory that attempts to expand
beyond the Standard Model of particle physics will need to tackle these
questions regarding the early moments of the universe.

Baryon Asymmetry: Why
Does Matter Exist?

After the big bang, raw energy was transformed into matter. If the energy of
the early universe had cooled into equal amounts of matter and antimatter,
these different forms of matter would have annihilated each other, leaving
no matter in the universe. Instead, there was substantially more matter than
antimatter, enough so that when all the antimatter had been annihilated by
matter, enough matter was left to make up the visible universe. This early
difference between matter and antimatter is called baryon asymmetry
(because regular matter, made up of baryons, is called baryonic matter).

The laws of physics provide no clear reason why the amounts of matter and
antimatter wouldn’t have been equal, so presumably a theory of everything

would explain why the dense energy of the early universe tended to favor —
even if only by a little bit — matter over antimatter.
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Hierarchy Issues: Why Are There Gaps in
Forces, Particles, and Energy Levels?

Most physicists, if they were to set out to create a universe, would have been
a bit more conservative with their resources than the forces at work in our
universe seem to have been. There are a wide range of force intensities,
ranging from the incredibly weak gravitational force to the strong nuclear
force that binds quarks together into protons and neutrons. The particles
themselves come in multiple varieties — far more varieties than we seem

to need — and each variety jumps by large multiples in size. Instead of a
smooth continuum of forces, particles, and energy, there are huge gaps.

A theory of everything should explain why these gaps exist and why they
exist where they do.

Fine-Tuning: Why Do Fundamental
Constants Have the Values They Do?

Many of the fundamental constants in our universe seem precisely set in the
range that allows life to form. This is one reason why some physicists have
been turning toward the anthropic principle, because it so readily explains
this fact.

Physicists hope, however, that a theory of everything would explain the
precision of these values — in essence, explain the reason why life itself is
allowed to exist in our universe — from fundamental principles of physics.

Black Hole Information Paradox: What
Happens to Missing Black Hole Matter?

The current thinking on the black hole information paradox is that there is

a quantum system underlying the black hole, and that this quantum system
never loses information, though the system can mix up the finer points in a
complicated way. To reconcile this picture with Hawking’s calculations
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(see Chapter 14), the concept of complementarity is sometimes invoked. This
idea, proposed by Leonard Susskind, says that someone outside the black
hole may observe different results than someone falling into the black hole,
but that no contradictions will arise.

This approach hasn’t settled the problem for everyone, including physicists
who believe that relativity should hold more sway than quantum mechanics.
Whatever the solution, a theory of everything would have to present a
definitive set of rules that could be applied to figure out what’s happening to
matter (and information) that falls into a black hole.

Ouantum Interpretation: What Does
OQuantum Mechanics Mean?

Though quantum mechanics works to explain the results seen in laboratory
experiments, there’s still not a single clear description of the physical
principle that causes it to work the way it does. Though this is tied to the
“collapse of the quantum wavefunction,” the exact physical meaning of the
wavefunction, or of its collapse, remains a bit of a mystery. (So if you don’t
understand quantum physics, don’t worry . . . physicists are still debating it,
even after all these years.)

In Chapter 7, I explain some of the interpretations of what this may mean —
the Copenhagen interpretation, the many worlds interpretation (MWI),
consistent histories, and so on — but the fact is that these are just guesses,
and physicists really don’t know for sure what’s going on with this strange
quantum behavior. Lee Smolin listed this as his second “great problem in
theoretical physics.” Though today this is by far the minority opinion among
physicists, the great physicists of the quantum revolution — Bohr, Einstein,
Heisenberg, Schroedinger, and the rest — also saw it as a key question to
resolve.

Today, most physicists tend to just trust in the math and don’t worry about

strange things happening behind the scenes. They are perfectly comfortable
with quantum mechanics, seeing nothing mysterious in the behavior. (After

all, they have equations that describe it!)

In fact, the majority of theoretical physicists don’t seem to believe that it’s
possible to determine one interpretation as correct, and don’t even consider
it as a question that needs to be answered, even by a theory of everything.
Some of those who do want a clear interpretation hope that a theory of
everything will provide insights into the physical mechanism explaining
quantum phenomena.
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Dark Mystery No. 1: What Is Dark
Matter ( and Why Is There So Much)?

There appear to be two forms of matter in the universe: visible matter and
dark matter. Scientists know dark matter exists because they can detect its
gravitational effects, but they can’t currently observe dark matter directly. If
extra matter weren'’t there to hold galaxies together, the equations of general
relativity show that they would fly apart.

Still, no one knows what the dark matter is made of. Some theorize that the
dark matter may be stable superpartners of our known particles — perhaps
photinos, the superpartner of the photon. String theory contains other ideas,
covered in Chapter 14, that could explain the nature of dark matter.

But the fact is that no one knows for sure, which is disturbing because there
is about five times as much dark matter as there is visible matter in the
universe. So there should be a lot of it around to study — if only physicists
and their scientific theories could see it for what it really is.

Dark Mystery No. 2: What Is Dark
Enerqy ( and Why Is It So Weak)?

There’s a lot of dark energy in the universe — about three times as much as
visible matter and dark matter put together! This energy represents a repulsive
force of gravity on large scales, pushing the edges of the universe apart.

The abundance of dark energy by itself isn’t so much a problem; the real
problem is that the dark energy is a lot weaker than physicists would
expect from purely theoretical calculations based on quantum field theory.
According to those calculations, the random energy of empty space (the
“vacuum energy”) should explode up to huge quantities, but instead it
maintains an incredibly small value.

A theory of everything would hopefully explain why the vacuum energy
contains the value it does.



344 Partvi: The Part of Tens

Time Symmetry: Why Does Time
Seem to Move Forward?

The space dimensions are interchangeable, but time is distinct because it
seems to move in only one direction. This doesn’t have to be the case. In fact,
the mathematical laws of physics work either way, even in a universe where
time could run backwards.

But time doesn’t run backwards at all, and a theory of everything would need
to explain this discrepancy between the mathematical symmetry of time and
the physical asymmetry of time that you observe every time you’re running
late for a meeting.

The End of the Universe:
What Comes Next?

And, of course, the eternal question of the fate of the universe is another
question that a theory of everything would need to answer. (Cue up the song
“It’s the End of the World as We Know It” by R.E.M.) Will our universe (and
all the others) end in ice, expanding until heat dissipates out across the
vastness of space? Will galaxies huddle together in dense clusters, like winter
campers around a campfire? Will the universe contract together and perhaps
eventually start the cycle of universal creation all over?

Chances are that these questions will be answered long after we’re gone, but
there is hope that the beginnings of those answers may come within the
next few years, as some aspects of string theory begin to enter the realm of
experimental verification.



Chapter 21
Ten Notable String Theorists

In This Chapter

Meeting the founders of string theory

Rising to the challenge: A new generation of string theorists
Branching out to make string theory popular among nonphysicists

N o new theory can develop without dedicated scientists working hard
to refine and interpret it. Throughout this book, you read about some
of the pioneering work in string theory. Now it’s time to find out more about
some of the scientists themselves, the people who make string theory tick as
they research the mysteries of the universe within the context of this budding
science. As string theory unfolds, some of these individuals may become
legends on the order of Einstein and Newton, or they may end up finding
useful ways of presenting this complex theory in ways that the general public
can understand.

In this chapter, I introduce ten physicists who are responsible for the rise

of string theory. I give brief biographies of not only the founders of string
theory, but also some of the visionaries who have refined the theory over the
years. Some of these personalities are also physicists who have written
popular books or been involved with educational programs on the topic,
helping to broaden the general public’s understanding of string theory.
However, this chapter isn’t a “top ten” list, and just because a name hasn’t
been included should not be taken to mean that the person’s work and
contributions are any less significant than the names listed.

Edward Witten

Seen by many as the leading thinker of string theory, Witten introduced the
concept of M-theory in 1995 as a way to consolidate the existing string
theories into one comprehensive theory. Witten’s work in string theory
also included the 1984 application of Calabi-Yau manifolds to explain the
compactification of the extra dimensions.
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In 1951, Witten was born into physics, in a sense; his father, Louis Witten,
was a theoretical physicist specializing in general relativity. Growing up,
Witten displayed a natural aptitude for mathematics. Despite this, he focused
his early years on studying history and being politically active, helping with
George McGovern’s 1972 presidential campaign. His undergraduate degree
from Brandeis University was in history with a minor in linguistics.

In the fall of 1973, Witten went to graduate school in applied mathematics

at Princeton University. Despite lacking a physics undergraduate degree, he
quickly showed himself to be proficient at the complex mathematics involved
in theoretical physics. He switched to the physics department and received
his PhD from Princeton in 1976.

Witten has since published more than 300 research papers. According to
some sources, he has the largest h-index (most often cited papers) of any
living physicist. He received the MacArthur Foundation “genius grant”
fellowship in 1982. In 1990, he was the first (and so far only) physicist to
receive the Fields Medal, sometimes informally called the “Nobel Prize of
mathematics” (the Nobel Committee awards no mathematics prize). He was
one of Time magazine’s 100 most influential people in 2004.

Among string theorists, Edward Witten is seen as a guiding light because

of his ability to grasp the implications of the complex mathematics of the
theory on a level that few others have been able to match. Even the strongest
string theory critics speak of his intellect and mathematical prowess in awe,
making clear that he is an unparalleled mind of his generation.

John Henry Schwarz

If string theory were a religion, then John Henry Schwarz would be the
equivalent of St. Paul. At a time when virtually every other physicist
abandoned string theory, Schwarz persevered for almost a decade as one of
the few who tried to work out the theory’s mathematical details, even though
it hurt his career. Eventually, his work led to the first superstring revolution.

Schwarz was one of the physicists who discovered that supersymmetry
resolved several of the problems with string theory. Later, Schwarz proposed
the idea that the spin-2 particle described by string theory may be the
graviton, meaning that string theory could be the long-sought theory to unify
quantum physics and general relativity. (See Chapter 10 for more on these
concepts.)
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Schwarz worked at Caltech for 12 years — from 1972 to 1984 — as a temporary
researcher instead of a full professor. His career prospects were hindered in
large part because of his perceived obsession with string theory.

In 1984, Schwarz performed (along with Michael Green) the work showing
that string theory was consistent, triggering the first superstring revolution.
Without Schwarz’s decade of dedicated work (or obsession), there would
have been no foundation in place for superstring theory to build upon
throughout the 1980s, when it rose to prominence among particle physicists.

Voichiro Nambu

Yoichiro Nambu is one of the founders of string theory who independently
discovered the physical description of the Veneziano model as vibrating
strings. Nambu was already a respected particle physicist for his earlier work
in describing the mechanism of spontaneous symmetry breaking in particle
physics. Dr. Nambu received the 2008 Nobel Prize in Physics for this work.

Though this makes him the only founder of string theory to have received a
Nobel Prize, it’s important to note that the Nobel award makes no mention
of string theory. In fact, the Nobel can’t be awarded for theoretical work that
hasn’t been confirmed or proved useful experimentally.

Leonard Susskind

Leonard Susskind is another founder of string theory. As he recounts in

his book The Cosmic Landscape: String Theory and the [llusion of Intelligent
Design, he saw the original dual resonance model equations and thought they
looked similar to equations for oscillators, which led him to create the string
description — concurrently with Yoichiro Nambu and Holger Nielson. In
addition, he has proposed several concepts discussed throughout this

book: string theory of black hole entropy (Chapter 14), the holographic
principle (Chapter 11), matrix theory (Chapter 11), and the application of the
anthropic principle to the string theory landscape (which is the subject of
The Cosmic Landscape; 1 cover this principle in Chapter 11).

In addition to his extensive work in string theory, Susskind is well-known for
his disagreements with Stephen Hawking over the final fate of information that
falls into a black hole, as outlined in his 2008 book The Black Hole War: My
Battle with Stephen Hawking to Make the World Safe for Quantum Mechanics.
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David Gross

David Gross was one of the physicists who developed the heterotic string
theory, one of the major findings of the first superstring revolution.

In 2004, Gross earned (along with colleagues Frank Wilczek and David
Politzer) the Nobel Prize in Physics for their 1973 discovery of asymptotic
freedom in the strong nuclear interaction of quarks. (This means that the
strong interaction between quarks gets weaker at extremely short distances.)

Since 1997, Dr. Gross has been the director of the Kavli Institute for
Theoretical Physics at the University of California, Santa Barbara. In this
capacity, Gross is known not only as a strong advocate for string theory but
also as a strong opponent of the anthropic principle as applied to the string
theory landscape.

Joe Polchinski

Joe Polchinski proved that string theory required objects of more than one
dimension, called branes. Although the concept of branes had previously
been introduced, Polchinski explored the nature of D-branes. This work was
crucial to the second superstring revolution of 1995. Polchinski’s work is
seen as fundamental to the development of M-theory, brane world scenarios,
and the holographic principle (all covered in Chapter 11).

Lately, Polchinski has become a convert to the anthropic principle’s
usefulness in string theory, though stories abound of how he once loathed
the principle, considering it unscientific and threatening to quit his position
if he were forced to adopt it.

Juan Maldacena

Juan Maldacena is an Argentine physicist who developed the idea that a
duality exists between string theory and a quantum field theory — called the
Malcadena duality (or the AdS/CFT correspondence; see Chapter 11).

The Maldacena duality, proposed in 1997, has been applied only in certain
cases, but if it can be extended to all of string theory, it would allow a means
to give a precise quantum string theory. In other words, string theorists
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should be able to translate known principles of gauge field theory into string
theory equations — an excellent starting point for a complete quantum
theory of gravity. Also, applying the duality in the other direction, starting
with string theory and creating predictions about how gauge theory should
behave could yield predictions that are testable at the Relativistic Heavy lon
Collider or Large Hadron Collider in years to come.

Lisa Randall

Theoretical physics is a realm stereotypically dominated by men and, even
among the rare women who choose it, Lisa Randall doesn’t fit the mold.
She spends her free time on intense rock climbing expeditions but spends
her professional days exploring the implications of multidimensional brane
worlds as a phenomenologist.

Dr. Randall was the first tenured woman in the physics department at
Princeton University. She was also the first tenured female theoretical
physicist at MIT and later at Harvard, where she has been since 2001.

Randall rose to prominence among nonphysicists with her 2005 book Warped
Passages: Unraveling the Mysteries of the Universe’s Hidden Dimensions.
Among other things, this resulted in her appearance on Comedy Central’s
wildly popular mock political pundit show, The Colbert Report.

Given her success as a woman in a male-dominated field, it’s not surprising
that she has impressive credentials. One of the most intriguing models to
come out of her analysis of brane world scenarios are the Randall-Sundrum
models, which explore the possibility of gravity behaving differently off of
our own 3-brane.

Michio Kaku

Physicist Michio Kaku has been one of the most vocal supporters of string
theory. He worked on the theory early in the 1970s, actually co-founding
“string field theory” by writing string theory in a field form. By his own
account, he then abandoned work on string theory because he didn’t believe
in the additional dimensions the theory demanded. He returned to string
theory during the first superstring revolution and has proven an entertaining
and lucid spokesman ever since.
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Dr. Kaku wrote one of the first popular books on the topic, Hyperspace:

A Scientific Odyssey Through Parallel Universes, Time Warps, and the 10th
Dimension, in 1994. (This was my first introduction to string theory, when I
read the book as a high school senior.) He has since written other books on
futurism and advanced scientific and technology principles. His 2005 book,
Parallel Worlds, focuses on many topics related to string theory.

For more than 25 years, Kaku has been a professor of theoretical physics at
the City College of New York. The close proximity to major television networks
may explain why he regularly appears on so many television programs. With
a distinctive mane of white hair, Dr. Kaku is easily recognizable when he
makes appearances on CNN, Discovery, the Science Channel, or ABC’s Good
Morning, America. (When GMA needed someone to explain how Mentos cause
soda bottles to erupt into fountains of fizz, they called in Dr. Kaku.)

Kaku has also hosted a number of programs, including two of his own radio
shows. He is currently seen hosting the SciQ Sunday specials on the Science
Channel. His research work on the subject of string theory isn’t as impressive
as the others on this list, but he has done an incredible amount to popularize
the ideas of string theory. Many recognize him as one of the theory’s most
vocal proponents to layman audiences.

Brian Greene

Last but certainly not least is probably one of the best-known string theorists,
especially among nonphysicists. Brian Greene’s popularity as a writer and
spokesman for the field dates back to his 1999 book The Elegant Universe:
Superstrings, Hidden Dimensions, and the Quest for the Ultimate Theory, which
was used in 2003 as the basis for a three-part PBS Nova special. In 2004,
Greene followed up with the book The Fabric of the Cosmos: Space, Time,
and the Fabric of Reality. (He has appeared on Comedy Central’s The Colbert
Report at least twice, outdoing Dr. Randall’s one appearance.)

Dr. Greene earned his undergraduate degree from Harvard. As a Rhodes
Scholar, he received a 1986 doctorate from Oxford University. He was a
professor at Cornell University for several years, but has been a full professor
at Columbia University since 1996. Throughout his career, his research has
focused on quantum geometry and attempting to understand the physical
meaning of the extra dimensions implied by string theory.

In addition to trying to explain string theory to the masses, Greene has been
co-director of Columbia University’s Institute for Strings, Cosmology and
Astroparticle Physics (ISCAP) since its founding in 2000.

In 2008, Greene was a founder of the World Science Festival in New York City,
where a dance troupe performed an interpretative dance version of his book
The Elegant Universe.
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