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Gerrymandering: Mathematics on Trial
In the last ten years, mathematicians have developed much 
more sophisticated methods to detect partisan gerrymander-
ing (i.e., the redrawing of election districts to favor one politi-
cal party). Unfamiliar words like “outliers” and “efficiency 
gap” were heard in the US Supreme Court. Though the court 
eventually withheld its endorsement of any such methods, 
awareness of the issue among mathematicians reached an all-
time high.

The Calculus of Calories
Dieting comes down to a simple equation: Energy stored = 
energy intake – energy expenditure. If only it were so easy! 
Mathematicians have developed new algorithms and smart-
phone apps to help you take the weight off. But they have 
also made surprising and sobering discoveries about the 
ways in which your body will fight to put the weight back on.

When Black Holes Collide
One of the boldest predictions of Einstein’s theory of general 
relativity was the possibility of ripples in spacetime, called 
gravitational waves. The biggest roadblock to detecting them 
was figuring out what these waves should “sound like.” In 
2015, astrophysicists finally heard the mathematically pre-
dicted chirp of two black holes colliding, a billion light-years 
away and a billion years ago.

The Shape of Data
A new hybrid of statistics and topology, called topological 
data analysis, uses tools like persistent homology to uncover 
hidden geometric structures in data, such as loops and 
bubbles. Applications have run the gamut from figuring out 
how rat brains encode spatial information to finding optimal 
molecular structures for porous molecules called zeolites.

The “Set®” Game Has Met Its Match
A popular card game leads to an unexpectedly challenging 
problem on arithmetic progressions in finite vector spaces, 
known as the Cap Set Conjecture. In 2016, mathematicians 
discovered an unexpectedly simple solution. A very rough 
analog is that it you don’t need too many stars in the sky 
before you’ll start seeing “three-in-a-row” patterns like the 
belt of Orion. (Four in a row, though, is another story!) 
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74  The Mathematics of Commuting
  Bike-sharing systems (like New York’s CitiBike) and ride-

sharing services (like Uber and Lyft) have led to an explo-
sion of interest in optimization problems. How do you move 
bikes efficiently from hubs with too many to hubs with too 
few? How much could traffic congestion be reduced if peo-
ple shared Uber rides? And what would be the effect of a 
door-to-door solution that combined bike sharing with ride 
sharing?

90  Expanding Horizons 
  Expanding graphs, or expanders, have multiple personali-

ties. They are networks that are hard to cut in two; networks 
in which information propagates rapidly; and networks with 
a large “spectral gap.” In recent years their applications have 
become even more numerous than their personalities. This 
chapter explains how they are used in coding, knot theory, 
and nearest-neighbor search, plus a surprising generaliza-
tion to hypergraphs.

106  Quantum Computers and Golden Gates
  Even as the U.S. government invests more than $1 billion in 

quantum computing, fundamental questions remain about 
how (or if) quantum computers will work. A universal com-
puter needs to use a small vocabulary of elementary “gate” 
operations to place several quantum bits (qubits) into any 
target state, with some guarantee of efficiency and accuracy. 
Mathematicians have now obtained such guarantees for 
single-qubit operations, using “golden gate” sets.

122  Needles in an Infinite Haystack
  The “asymptotic Fermat’s last theorem” (AFLT), a generaliza-

tion of the most famous theorem in number theory, can in 
many cases be reduced to solving the ultra-simple equation 
x + y = 1, but with restrictions on the prime divisors of x 
and y. Though theory says there are only finitely many solu-
tions, finding them has been like combing through an infi-
nitely large haystack. Until 2018! Now it can be done (and 
many cases of AFLT proved) entirely by computer.
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