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Finding
Inspiration

s a child, Sophie Germain often had to resort to
extremes to follow her passion. On frosty winter

nights near the end of the eighteenth century, she
frequently rose from her bed and wrapped herself in blan-
kets. While the rest of her family slept soundly in their
beds, she huddled over a desk and worked on math prob-
lems. Sophie was forced to conduct her studies at night and
in secret because her parents did everything they could to
discourage her from delving into mathematics. At the time,
it was believed that females did not possess the mental fac-
ulties necessary to understand the intricacies of complicated
subjects such as math and science, and these subjects were
considered inappropriate for girls. But Sophie had a burn-
ing desire to learn.

Without a teacher or tutor, recalled her friend Gugliclmo
Libri, shetoiled in her father’s library, overcoming ““all obstacles

Sophie Germain
(Courtesy of Archives Charmet/The Bridgeman Art Library)
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which her family first tried to impede so extraordinary a taste
for her age, no less than for her sex, by getting up at night in
a room so cold that the ink often froze in its well, working
enveloped with covers by the light of a lamp even when, in
order to force her to rest, her parents had put out the fire and
removed her blankets and a candle from the room.”

Her father’s collection of books contained volumes on
many different subjects but it was mathematics that Sophie
was drawn to. She was reported to be shy and awkward in
social situations, but when it came to math, she was anything
but timid. She embraced her work with a fervor and stubborn-
ness that bordered on obsession. More than once her worried
parents caught her studying by candlelight, and they pleaded
with her to stop her nocturnal routine and get adequate rest,

Yet neither her parents’ badgering nor societal conven-
tions could quell her interest. She worked diligently through
a book called Complete Course in Mathematics, by Etienne
Bezout, teaching herself the basics of the subject night after
night. As Libri related, it was after one of these nights that
her parents woke in the morning to find their young daughter
sound asleep at her desk, pen in hand, with the ink frozen
solidly in its well. Only sleep, it seemed, could separate the
young intellectual from her studies.

Her parents could never have known their sleeping daugh-
ter would grow up to become one of the most influential
mathematicians of her generation, garnering national prizes
and accolades. Without Sophie Germain’s work on vibra-
tions, engineers would not have been able to build the Eiffel
Tower. And her most important studies—which examined
ways that numbers relate to each other—ultimately contrib-
uted to the solution of the most famous unsolved problem
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in math history. Through stubborn will and creativity, she
excelled in a time and place that suppressed the higher edu-
cation of women.

Born April 1, 1776, Marie-Sophie Germain was the middle
ofthree daughters of Ambroise-Frangois and Marie-Madeleine
Germain. Ambroise Germain, a wealthy silk merchant, would
later attain a high position in the French government. Not
much is known about Sophie’s mother.

Sophie grew up in an apartment above the family’s store
on rue St. Denis in Paris. War with foreign countries and
social upheaval inside France formed the backdrop of her
childhood years. When she was two, France declared war
on Great Britain in support of the rebellious American colo-
nies. Violence struck much closer to home the year Sophie
turned thirteen. In July 1789, rioters unhappy with France’s
king stormed the Bastille, a prison located slightly more than
a mile from the Germains’ house. About a hundred people
died in the fighting.

Over the succeeding years, during Sophie Germain’s ado-
lescence, the French Revolution would witness much greater
bloodshed. Tt was during this tumultuous time that Sophie
found her calling in the world of mathematics. Her father’s
library provided a safe haven, far away from the brutality
of the Revolution. Curious and shy, Sophie read many vol-
umes in the room. The same year the Bastille fell, she came
across a book titled History of Mathematics, by Jean-Etienne
Montucla. Published in 1758, Montucla’s book had quickly
achieved widespread popularity. It gave ordinary folk a win-
dow into the world of mathematics and mathematicians. Sophie
was immediately inspired, Guglielmo Libri later reported,

when she read Montuela’s entry for Archimedes.
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Archimedes (Coirtesy of
Rager Viollet Collection/Getty
Inages)

Born around 287 BCE,
Archimedes was one of
the greatest mathema-
ticians and scientists
of the ancient world.
A native of the Greek
city of Syracuse, on
the island of Sicily, he
was renowned through-
out the Mediterrancan
region. His many inven-
tions included a plan-

- ctarium and a water
screw, adevice thatcould
transport water uphill.
In mathematics, among

- many other innovations
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and proofs, Archimedes
developed a way of determining the area under a given
curve. His method is now regarded as a cornerstone in the
development of integral calculus, a vitally practical field of
mathematics that enjoyed significant development nearly
2,000 years later.

An ardent scholar, Archimedes dedicated himself so thor-
oughly to the abstract world of mathematics that he often
did not take notice of the everyday world around him. It was
said that he sometimes became so engrossed in thought that
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he forgot to eat and drink, and his servants would have to
insist that he take nourishment.

Archimedes lived in a city besieged by war, and Sophie
Germain only had to look out her window to glimpse vio-
lent conflict. Archimedes’ dedication to mathematics, and
his tendency to tune out the strife-filled world around him,
found a sympathetic soul in Sophie.

Yet it was not simply Archimedes’ life that inspired young
Sophie Germain. The extraordinary circumstances of his
death, recounted by ancient writers such as Plutarch and
Cicero, also made a deep impression.

For most of his life, Archimedes lived in Syracuse,
which was caught between two rival powers: Rome and
Carthage. By the middle of the third century Bce, Syracuse
had come under Roman domination and was compelled
to pay taxes to Rome. In 213, however, pro-Carthaginian
factions in the city began to revolt against Roman author-
ity. In response, Rome sent General Marcus Claudius
Marcellus to invade Syracuse. Marcellus gave his soldiers
free rein to pillage the city and slay any inhabitants who
crossed their paths—anyone, that is, except the famous
Archimedes. Marcellus deeply admired the work of the
famous mathematician.

Through either ignorance or defiance, the Roman soldier
who went to the home of Archimedes did not follow orders.
Historians suggest that the soldier did not recognize the
mathematician and that Archimedes, consumed with draw-
ing geometric figures in the sand floor, barely noticed that
someone had entered his home. When he became aware
of the soldier’s presence — perhaps he saw a boot near his
hand or perhaps the wind changed he said, “I beg you,
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don’tdisturb this.” But the Roman soldier struck him down,
and the great mathematician died seconds later.

These ancient accounts depict Archimedes as a mathema-
tician whose devotion to learning trumped even his survival
instincts. His example led Sophie Germain to realize that
succeeding in mathematics required a single-minded effort.
As a young woman growing up in a culture that discouraged
women from difficult intellectual pursuits, she knew that her
path would be even more arduous.

Sophie by no means focused exclusively on mathemat-
ics. “Mademoiselle Germain . . . mastered different areas
of knowledge, any one of which would have established the
reputation of a woman,” Libri wrote. “She was very compe-
tent in the natural sciences. Then too, she had learned Latin
on her own, not for its own sake, since in her view languages
were only instruments of study, but in order to enable her
to understand diverse works, notably those of Newton and
Euler.”

The English scientist Isaac Newton, who died nearly fifty
years before Sophie Germain was born, studied the proper-
ties of light and of motion. His equations of motion allowed
physicists to explain how the planets orbit the sun and why
cannonballs follow a rainbowlike arc as they fly through
the sky. Newton also helped develop calculus. This field of
mathematics has two essential components, derivatives and
integrals, which use infinitesimally small measurements
to execute calculations. Derivative calculus concerns how
one quantity changes with respect to another variable—for
example, how a bicyclist’s speed changes as time passes, or
how the volume of a balloon changes as it deflates. Integral
calculus is a sophisticated method of addition that helps math-
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Germain taught herself Latin in order to study the works of Isaac
Newton. (Courtesy of Old Paper Studios/Alamy)

ematicians calculate lengths, areas, and volumes. Calculus is
one of the most important tools required of a serious math-
ematics student.

Like Newton, the celebrated Swiss mathematician Leonhard
Euler (pronounced oi-er) made greatadvances in both physics
and mathematics. The father of thirteen children, Euler still
managed to find the time to publish more than eight hundred
papers. His contributions to mathematics range across many
different areas. In particular, Sophie Germain was captivated
by his thoughts and work in number theory-—an area of math
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Leonhard Euler

concerned with the properties of integers (whole numbers,
the negatives of those numbers, and zero).

Among his other accomplishments, Euler used a method
first introduced by Archimedes to demonstrate that there are
infinitely many prime numbers. Prime numbers are numbers
divisible only by themselves and by one. Five and seven,
for example, are prime numbers. Primes are particularly
interesting to mathematicians because they seem to occur at
random on the number line. Euler wrote, “Mathematicians
have tried in vain to this day to discover some order in the
sequence of prime numbers, and we have reason (o believe
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that it is a mystery into which the human mind will never
penetrate.”

Sophie also took interest in Euler’s work on differential
cquations—that is, equations that rigorously describe the way
a function changes. Differential equations provide mathemati-
cians with a helpful way to use math to describe complicated
natural phenomena, like the way water flows through a pipe,
or the way air moves around a flying airplane.

Sophie knew that to pursue a career in mathematics, she
would have to familiarize herself with the work of Newton,
Fuler, and many others who had made fundamental advances
in the ficld. For years, she toiled furtively at night, determined
to learn as much as she could as quickly as possible.

Eventually, Sophic Germain’s parents recognized that
their efforts to suppress her interest in mathematics were no
match for her zeal. If their quiet and studious young daughter
wanted to become a mathematician, then they would sup-
port her. They did, in fact, make certain she was provided
for her entire life.

Relieved of having to pursue her passion in private, Sophie
Germain set out to learn as much as she could in the light
of day. Soon her father’s library, as large as it was, began
to prove inadequate to satisfy her curiosity. She needed a
deeper, more thorough education than the one she was giving
herself. But just as she was outgrowing the library, war-torn
France spiraled into disorder and confusion.

Since 1789, some citizens had sought to replace the French
monarchy with a more representative form of government.
Ambroise Germain was one such person; he frequently hosted
gatherings of reform-minded citizens at his house. In June of
1791, amid growing discontent with his regime, King Louis







