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2  Accounting for Taste
  Netflix, a movie rental company, offered a million-dollar 

prize for a computer algorithm that could significantly 
upgrade the company’s ability to predict its customers’ likes 
and dislikes. The wildly successful competition upset some 
conventional wisdom in the field of machine learning and viv-
idly demonstrated the power of “crowdsourcing.”

14  A Brave New Symplectic World
  Thirty years ago, Alan Weinstein conjectured that certain 

kinds of dynamical systems with two degrees of freedom, 
such as a pendulum that is free to stretch as well as swing, 
always have periodic (repeating) solutions. At the time, no 
one had any idea how to prove his conjecture. But that was 
before “symplectic camels” and a “crazy” homology theory 
based on the equations for a magnetic monopole. Conclusion: 
Periodic orbits exist. (Magnetic monopoles still don’t.)

28  Mathematics and the Financial Crisis
  In the first decade of the 2000s, investors embraced credit 

derivatives: a clever, formula-based method to parcel out the 
risk of subprime loans and profit from a booming housing 
market. But they forgot—or chose to ignore—that a math-
ematical model is only as good as its assumptions.

48  The Ultimate Billiard Shot
  In an inside-out version of billiards that you can’t quite fit 

into your garage (or even the Milky Way), two groups of 
researchers find different ways to sink the cue ball into a 
pocket at infinity.

62  SimPatient
  Mathematical models of patient populations have begun to 

supplement or replace clinical trials in cases where the trials 
would be difficult or impossible to perform. In 2009, a public 
health panel used six breast cancer models to arrive at a con-
troversial recommendation that women aged 40-49 should no 
longer be advised to have an annual mammogram.
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76  Instant Randomness
  How long does it take to mix milk in a coffee cup, neutrons 

in an atomic reactor, atoms in a gas, or electron spins in 
a magnet? In the Ising model of magnetism, mathemati-
cians have calculated a unique cutoff time when the system 
abruptly goes from essentially unmixed to almost complete-
ly mixed. The same behavior is expected for other systems 
described by the theory of Markov chains.

88  In Search of Quantum Chaos
  A classical billiard ball, on a table with curved, “dispers-

ing” sides, travels on a chaotic trajectory that essentially 
randomizes the ball’s position over the long term. However, 
at low energies, quantum billiard balls are not chaotic. In a 
tour de force combining pure number theory with physics, 
mathematicians proved that quantum chaos does emerge at 
high energies.

100  3-D Surprises
  Even in the twenty-first century, mathematics can still 

reveal new phenomena in ordinary three-dimensional space. 
Item 1: a stunningly efficient way to pack tetrahedra. 
Item 2: the Gömböc, a homogeneous body that automati-
cally rights (and wrongs) itself.

118  As One Heroic Age Ends, a New One 
Begins

  John Milnor’s discovery of “exotic spheres” in 1956 ushered 
in a new era of high-dimensional topology, with powerful 
new tools like framed cobordism theory, stable homotopy 
theory, and surgery. But one question, called the Kervaire 
Invariant One problem, remained stubbornly unanswered 
for more than 40 years, until three topologists found “a 
shortcut to Mount Everest.”


