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Moon Duchin  
Tufts University

Countermanding 
Gerrymandering 
The boundaries of a state’s legislative and congressional districts are most often 
controlled by the party in power in that state at the time of redistricting. As you 
might expect, the party does its best to create districts that maximize its own 
power. Creating bizarrely shaped districts that give a party an unfair advantage, 
however, is called partisan gerrymandering. Mathematicians are working with political 
scientists to incorporate geometry and computing power to create millions of 
redistricting schemes for a state and assign measures of irregularity to each scheme. 
That way proposed redistricting plans can be compared with the computer- 
generated possibilities and the highly unfair plans will stand out and be rejected.

A district may look strange but still be deemed legal if its defenders successfully 
argue that its shape results from legitimate principles, such as geographical consid-
erations or requirements of the Voting Rights Act. Ideally, mathematical metrics 
for districting would take these and other factors, including geometric ones, into 
account. A new criterion, the efficiency gap, measures partisan asymmetry based on 
a formula that counts the two-party difference in “wasted votes” to see whether 
one party has rigged an advantage for itself. A federal court recently rejected a 
legislative redistricting plan in part because its efficiency gap was much higher 
than that of other plans. In general, proving that gerrymandering has occurred in a 

particular plan can involve 
many metrics and experts 
from several fields, including 
mathematics. Relying on 
these collaboratively gener-
ated ideas can not only help 
courts decide when redis-
tricting is illegal but also 
wouldn’t be a bad idea for 
the legislators who create 
the districts in the first place.

For More Information: 
“How to Quantify (and Fight) 
Gerrymandering,” Erica 
Klarreich, Quanta Magazine, 
April 4, 2017.
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Image: North Carolina’s 12th Congressional District.
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Giving Currency to  
Not Using Currency
Many transactions are done online, but most are based on standard currencies. 
Bitcoin is one example of a digital payment system, or cryptocurrency, that exists 
only electronically, preserves its users’ anonymity, and has no central player such 
as a bank or government in control. It relies on a network of shared computers to 
process and verify each transaction, each of which is encrypted using mathematical 
formulas and entered into an electronic ledger, called a blockchain. The blockchain 
connects transactions and ensures that a bitcoin owner can’t spend the same unit of 
value (“coin”) twice. Each bitcoin owner has a private number that the mathematical 
formulas make easy to use but impossible in practice to discover. Thus, although 
bitcoins may seem less secure than hard currency, they are far less vulnerable to theft 
or counterfeiting as long as the private number is kept secret. 

The blockchain is an idea that has many potential applications, such as shipping. 
Currently, completing and keeping track of tax and customs documents can cost as 
much as the shipping itself. Furthermore, paper documents can be tampered with or 
suddenly disappear. The math behind the blockchain—e.g., public key cryptosystems, 
one-way hash functions, and computational complexity of proof of work—would 
allow shippers not only to track a product on its journey but also to keep secure, 
digital, unalterable records of the necessary documentation. And big companies aren’t 
the only ones interested in using blockchains. Refugees, who are often understandably 

reluctant to register their identi-
ties with governments, have created 
their own emergency IDs, which are 
recorded in a blockchain, allowing 
separated family members to 
connect electronically and eventually 
reunite physically without revealing 
themselves to potentially hostile 
government organizations. 

For More Information:  
“Bitcoins Maybe; Blockchains Likely,” 
Peter J. Denning and Ted G. Lewis, 
American Scientist, November–
December 2017.
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Peter J. Denning 
Naval Postgraduate School

Hunting for Planets

In the last 20 years, more than 3,000 exoplanets (planets outside the solar system) 
have been discovered. The smaller the planet, the harder it is to find, but even 
from light years away, today’s telescopes can often spot the dimming of a star 
when a planet crosses in front of it. This is the most successful method of finding 
exoplanets, but other methods, such as detecting the effect of a planet’s gravitational 
pull on a star, are used as well.  Astronomers then use sophisticated instruments 
and math, such as algebra, trigonometry, and calculus, to estimate the planet’s mass, 
its velocity, the inclination of its orbit, and the composition of its atmosphere. More 
advanced math helps extract the important information and filter out the noise that 
is inevitable when gathering data from such a distance. 

Closer to home, astronomers are searching for a ninth planet in our solar system. 
Although it has not been seen, its existence is based on a mathematical model that 
explains the clustering of the orbits of some of the objects in the Kuiper Belt, a 
collection of  “icy” objects beyond Neptune. It’s too soon to say that the planet 
is there, but both theoretical explanations and numerical simulations support the 
claim. The ultimate proof will be seeing it through a telescope, but the purported 
planet takes 15,000 years to orbit the sun and is now thought to be about as far 
away from us as possible, which means visual confirmation won’t be immediate. 

Researchers are gath-
ering more data on 
Kuiper Belt objects, 
as well as scanning 
the skies, so that even 
though it may take years, 
eventually we’ll know 
whether it’s Planet Nine 
or “Planet? Nein.”

For More 
Information: 
“Unseen planet may lurk 
near solar system’s edge,” 
Alexandra Witze, Nature, 
Jan. 21, 2016.
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Image: Artist’s rendering of a planet discovered through microlensing, NASA/JPL-Caltech.

Konstantin Batygin, 
Caltech
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Generating Patterns

It may go against an old saying, but leopards’ spots can change as the leopards 
mature. How animal patterns develop from the cellular level is an important ques-
tion for biologists and mathematicians. Differential equations governing how the 
pattern-related chemicals inside cells interact with one another explain how a 
collection of identical cells—which is how living things begin—can evolve into an 
animal with spots or stripes (and sometimes both). In fact, scientists used the equa-
tions to make the surprising prediction that stripes on adults of a certain species of 
angelfish move along the body, which was later confirmed by observation.

Another startling result came from researchers studying a species of lizard that 
begins life brown with white polka dots and then changes to a labyrinth-like pattern 
of bright green and black dots. The breakthrough is the discovery that changes 
from black to green and back again occur according to rules like those of a cellular 
automaton, an abstract model developed by mathematician John von Neumann. 
A black dot is more likely to switch to green when it’s surrounded by other black 
dots than when it’s among green dots. When the colors stabilize, black dots are 
surrounded by an average of three green dots, and green dots have an average of 

four black dots around 
them. Although cellular 
automata are well-
known, e.g., the Game 
of Life, and often create 
interesting patterns, 
this is the first known 
instance of a cellular 
automaton being real-
ized in a creature’s skin 
pattern. 

For More Information: 
“A living mesoscopic 
cellular automaton made 
of skin scales,” Liana 
Manukyan et al., Nature, 
April 13, 2017. 
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Jim Papadopoulos, 
Northeastern University

Designing Better Bicycles 

Although bicycles are fairly simple, they involve some interesting questions that have 
remained unanswered for more than a century, such as: what forces keep a bike 
stable, and why does a moving riderless bike balance itself (for as long as its speed 
is maintained)? Mathematicians, physicists, and engineers are using models involving 
differential equations, geometry, and linear algebra to answer such questions and to 
experiment with new designs that may be more easily balanced and steered than 
the one we’re used to.

The current bicycle design evolved from trial and error rather than from rigorous 
analysis. When researchers recently employed mathematics and mechanics to 
generate equations describing the system’s main components—the wheels, the 
frame, and the steering fork—they made a discovery contradicting the long-held 
assumption that to achieve stability, the point of contact between the front wheel 
and the ground must be behind the steering axis [see inset]. First the math, then the 
experiments verified that a bike that violated the assumption could still be stable. 
Now that the researchers have accurate equations to characterize bicycle motion, 

they can explore 
new concepts, 
using computers or 
paper-and-pencil, 
which will help 
guide future bicycle 
innovations.

For More 
Information: 
“Physics on Two 
Wheels,” Brendan 
Borrell, Nature, 
July 21, 2016, pp. 
338–341.

STEERING
AXIS
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Making Magical Shapes

The unusual shape below has a special property: It has one balance (equilibrium) 
point that is stable and one that is unstable. If you jostle the shape away from its 
stable balance point, at the bottom, it will always right itself and settle back to 
that point. At its unstable point, on top, the shape can balance, but the slightest 
disturbance will knock it off balance and it will return to resting at the stable 
balance point, as it does when placed down in any other position. In the 1990s a 
mathematician conjectured—despite widespread belief— that such a shape made 
up of the same material throughout (no weights) was possible, but its existence 
wasn’t confirmed until about ten years ago. Two Hungarian researchers, combining 
geometric thinking, mathematical software, and extremely precise manufacturing, 
created what is now known as a Gömböc, which is Hungarian for spherelike.

It can be proven that no such shape is possible in two dimensions. The same proof, 
however, fails in three dimensions. When confronted with that failure, instead of 
giving up, the two researchers righted themselves and took the failure of the proof 
as a hint as to how to construct the shape. After spending years deducing prop-

erties of the elusive shape and 
gathering data (including searching 
through thousands of pebbles), 
ultimately they created the first 
Gömböc. That didn’t stop their 
search for naturally occurring 
Gömböcs, though. Eventually they 
found two species of tortoises with 
Gömböc-like shells that enable 
them to flip over from their backs 
(not just unstable but also poten-
tially fatal) to right-side up. 

For More Information: “Mono-
monostatic Bodies: The Answer to 
Arnold’s Question,” P. L. Várkonyi 
and G. Domokos, The Mathematical 
Intelligencer, Fall 2006.
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Gábor Domokos and 
Peter Várkonyi, Budapest 
University of Technology and 
Economics

Unscrambling Eggs

Despite extensive study, no one has been able to determine why some bird eggs are 
shaped more like a sphere than other eggs or why some are more symmetrical than 
others. Recently, though, researchers used geometry, vectors, polar coordinates, and 
partial differential equations to analyze eggs from 1,400 bird species. After
gathering data, they plotted each species’ eggs on a graph with one axis representing 
the degree of elongation—how elliptical an egg is—and the other representing 
the amount of asymmetry—how pointy it is at one end—and found that the most 
streamlined birds have the most streamlined eggs. That is, overall, the best fliers, and 
occasionally swimmers, tend to lay the least spherical and least symmetrical eggs. 

An egg’s main functions are nourishment and protection. A large spherical egg could 
give plenty of nourishment but might be too wide to be laid. A stretched thinner
egg provides the same volume for nutrients but can exit through the mother’s
pelvis more easily. The research team was able to identify two properties of the
egg membrane, related to thickness and pressure, that explain the variation in egg 
shapes, but other questions remain. Does the strong correlation between flight and 

egg shape hold
among all bird 
species? Is there a 
causal relationship? 
And perhaps the 
most fundamental 
question of all: Which 
came first, the chicken 
or the ellipse?

For More 
Information:
“Avian egg shape: 
Form, function, and 
evolution,” Stoddard 
et al., Science, June 23, 
2017, pp. 1249–1254.
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Mary Caswell Stoddard 
Princeton University

Image: © The Trustees of the Natural History Museum, London.
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