
MATHEMATICAL MOMENTS

See over 100 Mathematical Moments, hear people talk 
about how they use math on the job in the modern world, 
and read translations in 13 languages at 

www.ams.org/mathmoments.
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Working Within the System

Discoveries about our solar system come principally from 
astronomy and cosmology, but math plays a role, too. The 
existence of the planet Neptune was predicted by math-
ematicians, based on Newton’s law of gravitation, before 
anyone even dreamt of an eighth planet. Recently, integral and 
differential equations, along with mathematical models, have 
dramatically increased the accuracy of estimates of the length 
of Saturn’s day.  And applying probability and statistics to the 
chemical composition of simulations of growing planets early 
in the solar system’s history have bolstered the impact theory 
about the Moon’s origin.

 

The Mathematical Moments program promotes  
appreciation and understanding of the role mathematics  
plays in science, nature, technology, and human culture.
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Scanning Ancient Sites

Ancient sites are fascinating, but their exposure to the 
elements and to human intervention is often devastating. 
Archaeologists and engineers are using lasers to scan many 
ancient structures to create three-dimensional images that 
won’t suffer from pollution or vandalism. Areas of mathe-
matics such as vector analysis and linear algebra help convert 
the billions of measurements from the laser beams into 
coordinates and then align readings from repeated scans to 
achieve images that are accurate to within a millimeter. This 
process not only preserves structures digitally but also is 
solving many mysteries about their construction. 

 

The Mathematical Moments program promotes  
appreciation and understanding of the role mathematics  
plays in science, nature, technology, and human culture.
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Image of data from the Temple of the Condor, Machu Picchu by Instituto Nacional de Cultura, Center for 
Advanced Spatial Technologies (University of Arkansas) and Cotsen Institute for Archaeology (UCLA).
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Piling On and on and on… 

Sand is fun to dig in and sculpt but it has also provided the 
inspiration for a hot topic of study—how computer-gener-
ated “sandpiles” on a grid topple and change shape.  The piles 
are modeled using a simple rule, such as:  As sand is added, 
piles that become four grains tall topple and transfer their 
grains to their nearest neighbors in the four compass direc-
tions. Then these neighboring piles (which may have been 
three grains tall before) could now be four grains tall them-
selves and so topple and transfer to their nearest neighbors, 
which might topple, transferring to their nearest neighbors, 
and so on. Such a simple rule can still lead to amazingly 

intricate fractal 
patterns, like this 
one, which was 
generated by a 
billion grains of 
sand.  Although 
inspired by sand, 
the model reflects 
the behavior of 
many systems, 
from networks of 
neurons to forest 
fires. 
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plays in science, nature, technology, and human culture.
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Image: Wesley Pegden.
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Adding a New Wrinkle 

Some people actually appreciate wrinkles. Whether in skin, 
fabrics, or plastic wrap, wrinkles form because stretched 
materials assume shapes that minimize their bending energy. 
Geometry and partial differential equations are two of the 
mathematical subjects used in the study of wrinkling. This 
study helps in understanding a wide range of topics, such as 
the behavior of thin films, how flowers bloom, and—in the 
case of the items pictured—the possibility of objects changing 
shape in flight to improve their aerodynamics. 
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Image: Two examples of the wrinkling
of thin films adhering to curved
substrates: a sphere with a combination
of hexagonal and furrow-like patterns,
and a torus with hexagonally arranged
dimples, Norbert Stoop (MIT).
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Passing Plates 

We know more about stars light years away than we do 
about the mantle that begins just tens of miles beneath our 
feet. Although friction between tectonic plates is the ulti-
mate factor in determining earthquakes, the driving force for 
earthquakes and volcanoes is convection in the mantle. The 
application of these forces to the tectonic plates is governed 
by continuum mechanics, but the uncertainties in modeling 
seismic events—which emerge from the variability within the 

Earth, the complex 
geometries that 
are present, and 
highly complicated 
material proper-
ties—are profound. 
Nevertheless, 
despite these 
unknowns, we 
now have signifi-
cant insight into 
the composition 
and history of the 
mantle, and into 
some aspects 
of earthquake 
mechanism. 

Listen Up!
The Mathematical Moments program promotes  
appreciation and understanding of the role mathematics  
plays in science, nature, technology, and human culture.
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Image: Inferred mantle temperature and convective flow, courtesy of 
Thorsten W. Becker, University of Southern California.
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Holding the Lead 

For some observers the question is, “Is this ever going to 
end?” but most sports fans want to know, “How is this going 
to end?” A team of researchers used a mathematical idea 
known as a random walk to model the way scoring leads 
grow and shrink over the course of a game in a competitive 
team sport. They found that the likelihood that a lead of L 

points is “safe” 
(that is, will not 
be eliminated) 
with t seconds 
left in the game 
can be calculated 
with expres-
sions involving 
exponential 
and trigono-
metric functions. 
This formula 
predicts that 
in basketball, a 
lead of 10 points 
with about 
eight minutes 
remaining, or of 
18 points at half-
time, is 90% safe. 

Listen Up!
The Mathematical Moments program promotes  
appreciation and understanding of the role mathematics  
plays in science, nature, technology, and human culture.
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Making Bail Better 

The scales of justice often tip in unfair ways. When it comes 
to setting bail, for example, factors that shouldn’t matter—
income and ethnicity—often carry far more weight than 
factors that should—such as the probability that a defendant 
will commit a crime or fail to appear in court. By studying 
data from nearly one million cases and using a statistical 
tool known as regression analysis, researchers were able to 
discover the best objective predictors of a suspect’s behavior 
while on bail. They also incorporated the predictors into 
an algorithm that has now been proven to be objective and 
effective in helping judges decide who is at risk to flee or 
break the law. 

The Mathematical Moments program promotes  
appreciation and understanding of the role mathematics  
plays in science, nature, technology, and human culture.
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