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INTRODUCTION

Chronology of Science serves as a reference for
middle and high school students looking
for accurate, up-to-date information on the
major achievements in science history. The
information presented is intended to supple-
ment the science taught in the classroom.
Each entry presents the student with a con-
cise description of a scientific discovery, the
problem it addressed, and the impact it had
on the field and, where appropriate, beyond.
The complete scope of a scientific story can-
not be told in a chronology entry, so a list
of print and Internet references is included
to point the reader to further information.
Supplementing the short entries are essays
providing more in-depth discussion of major
topics ranging from the scientific achieve-
ments of ancient civilizations to modern
fields of study such as quantum mechanics.
While each entry and essay is written with
the goal of eliminating all unnecessary jar-
gon, a glossary of common scientific terms is
included to help the student become conver-
sant in the vocabulary of science.

Middle and high school students are
often introduced to science as a series of dis-
tinct subjects, choosing among courses in
biology, chemistry, physics, and Earth sci-
ence. While educational goals make it nec-
essary to segregate scientific subjects in this
way, in fact scientific thinking and discover-
ies are not limited to specific fields. The tech-

niques used and the consequences of many
discoveries are often felt across scientific dis-
ciplines. Chronology of Science complements
the standard middle and high school cur-
riculum by presenting scientific discoveries
in a chronological and integrated fashion.
Students will discover that ancient Greeks,
natural philosophers, and Renaissance scien-
tists often put forth theories in a number of
disciplines. Similarly, today’s scientists often
consider themselves a specialist in a hybrid
field, such as a biochemistry or astrophys-
ics. The integrated approach of Chronology
of Science is intended to give students a taste
of the cross-pollination between fields that
they may not get in their courses. At the
end of each entry, we have added a code
denoting the scientific discipline(s) that the
entry directly affects. The key to the code is
as follows:

¢ B-biology

¢ C-chemistry

e ES-Earth science

e M-mathematics

e MS-marine science

e P-physics

e SA-space and astronomy
e W-weather and climate

A chronological presentation of events
poses a particular challenge when discussing

ix



X Introduction

scientific advances. By nature, scientific the-
ories and discoveries are not one-day events,
but are rather a more slowly evolving conver-
gence of an idea and experimental evidence.
Before a discovery becomes public knowl-
edge, it is scrutinized, with experiments
performed repeatedly when possible and
manuscripts reviewed by colleagues before
their official publications. During these pro-
cesses, ideas are refined, theories altered, and
new findings discovered. As a result, one can
rarely pinpoint the day a scientific discovery
occurred. Today, this difficulty is apparent in
legal battles over who has the right to claim
that they invented a hot and profitable new
technology. Similar battles have been waged
in laboratories and places of higher learning
for centuries. In the pages of this book, stu-
dents will learn of the long-standing argu-
ment over who invented calculus over 300
years ago. These examples illustrate how pin-
pointing the date of a scientific discovery is
not as easy as pinpointing the date of other
historical events such as battles, treaties, or
changes in government. In this chronol-
ogy, the dates listed often reflect when the
discovery was announced through a speech,
letter, patent, or publication. In some cases,
the primary work detailed in the entry may
have been done years before, in others
merely weeks. Where documentation of the
actual date of the discovery could be found,
through interviews with the scientist or pub-

lication of laboratory notes, those dates are
used. Where no date could be accurately pin-
pointed, the entry is listed by year, decade,
or century.

Finally, the student must be aware that
any selection of 2,000 scientific discover-
ies is inherently subjective. In this volume,
the student will read about discoveries made
by leading scientists from Aristotle to the
engineers who built the Mars Rover. Most
of these events would appear in any similar
volume. However, in other cases, the decision
to include or omit a given event could be
more controversial. The selection of entries
included in this volume is based upon the
author’s research, and decisions were made
after consulting other published chronol-
ogy and time lines, as well as major awards
given to scientists in a variety of fields.
Despite these efforts, omissions are inevi-
table. For example, the majority of the
entries describe science that took place in
Europe and the United States, reflecting the
Western bias of our culture. Great effort
has been made to include the major scienti-
fic advances made in China, India, Arab
nations, and the Americas, particularly in
the early sections. Unfortunately, many
events are likely to be missed. For more
information on the scientific achievement of
these societies, the reader is directed to ref-
erences on non-Western science included in
the back matter.



SETTING THE FOUNDATION
Science in Antiquity through the First Century B.C.E.

~> INTRODUCTION =

The scientific and technological advances
that are chronicled in this section range from
seemingly simple steps taken by humans as
civilizations developed, such as the use of
tools, to the work of Greek philosophers,
ranging from mathematics to the nature of
matter, which set the foundation for modern
science in the West. Perhaps the most obvi-
ous advances of this period are technologi-
cal, including agricultural tools, such as the
plow and seed drill, and the development of
new materials from bronze to iron and steel.
Using simple tools and instruments and
without the benefit of regular communica-
tion with other societies, early scholars make
stunning advances, particularly in astron-
omy and mathematics. By the end of this
period, the roots of mathematics, physics,
chemistry, and biology are firmly in place,
and many important astronomical observa-
tions are made.

Today'’s scientific research drives tech-
nological advances; however, for most of

the period covered in this section, scientific
advances are a consequence of technology.
For example, the seeds of modern chemis-
try are found in the development of materi-
als from bronze to glass. The development
of materials is so significant to the advance
of early civilization that eras are named after
them. The “Bronze Age” is heralded by the
discovery that mixing molten copper and tin
together generates bronze, a metal alloy that
is both strong and malleable. Similarly, the
“Iron Age” sees the invention and widespread
use of steel, an alloy of iron and copper.
Ancient astronomy, which flourishes
in many ancient cultures, is often associ-
ated with religious beliefs and ceremonies.
Astronomers from China to South America
record the movement of celestial bodies vis-
ible to the naked eye. Scholars studying
the Sun and the Moon make observations
that lead to the development of solar and
lunar calendars. Early scientists and engineers
build observatories and other structures to aid
in these observations, from Stonehenge in
England to Mayan temples in South America.

1



2 Setting the Foundation

Others use simple scientific instruments, such
as the gnomon and the astrolabe, to aid in their
astronomical calculations. Chinese and Baby-
lonian astronomers make notable advances
during this era. The astronomical records of
Chinese scholars have survived until today,
and show that ancient astronomers also
observed comets and supernovae. Meanwhile,
Babylonian astronomers use mathematics to
describe the movement of celestial bodies,
beginning the union of astronomy and math-
ematics that continues today.

Scientific research begins to take a form
more recognizable today in ancient Greece.
Western science is born during this era, as
natural philosophers develop theories in
scientific disciplines from physics to biol-
ogy. One of the key questions pondered by
these early scholars is the nature of matter.
During this period, philosophers argue that
matter can be reduced to essential elements,
although the exact identity of these elements
is disputed. Some argue that matter comes
from fire, others water, and still others say
that there are myriad elements, including
skin, bone, and earth. Greek natural philo-
sopher Aristotle famously describes four
elements: fire, air, water, and earth. His
description of the elements dominates scien-
tific thought for centuries.

Ancient Greek philosophers also excel
in mathematics, particularly geometry. Per-
haps the most famous mathematical work of
this era is the Pythagorean theorem, which
describes the mathematical relationship
between the sides of a right triangle. Math-
ematicians and engineers in Egypt, Baby-
lon, and China study this relationship for
centuries before the mathematicians of the
Pythagorean School in ancient Greece pro-
vide a proof for the theorem that now bears
their name. Greek mathematicians establish
many other theorems, which are summa-
rized in The Elements, a treatise on geom-
etry written by the mathematician Euclid.
Today’s high school students continue to
study the geometry outlined in Euclid’s The
Elements. Euclidean geometry, as the field is
now known, centers on five assumptions
or axioms. Using these axioms, Greek math-
ematicians prove the relationship between
points, lines, and angles. Also recognizable
to today’s students is the work on conic sec-
tions, the curves that are generated when a
plane intersects a cone. The study of conic
sections represents an early step in the
intersection of geometry and algebra. In the
next centuries, Arab mathematicians will
preserve and advance this vital work of
Greek mathematicians.
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~> CHRONOLOGY <

ca. 1,800,000 B.cC.E.

Homo habilis uses stone tools.

Members of the species Homo habilis, an
ancestor of Homo sapiens or modern man, first
used tools millions of years ago. Archaeologi-
cal evidence suggests that around 1,800,000
B.C.E., Homo habilis makes and uses the
first stone tools. Scholars believe that these
ancestors of modern man chipped stones to
give them a sharp edge. Such primitive tools
are likely used to hunt animals. The use of
stone tools continues for many thousands of
years until advances in metallurgy and mate-
rial science provides more malleable starting

materials.
(ES)

Stone tools are one of the first innovations by
early man. These ancient Paleolithic stone hand
axes were discovered in Olduvai Gorge, Tanzania,
Africa. (John Reader/Photo Researchers, Inc)

ca. 12,000 B.c.e. 5

ca. 30,000 B.cC.E.

Early Europeans devise a method of
counting.
Mathematics was born when ancient man
learned how to count. Some of the earliest
evidence of counting comes from central
Europe, dating to about 30,000 B.C.E. Archae-
ologists have found a bone with tick marks
carved into it. The ticks are arranged into 11
groups of five, suggesting that the bone was
used as a tally.

M)

ca. 20,000 B.cC.E.

French cave paintings depict daily life.
As described in the sidebar “Discovering
the Scientific Achievements of the Ancient
World,” the current understanding of the
ancient world comes from the artifacts
discovered by modern archaeologists. For
example, cave paintings found in France
provide clues to the lives of early humans
thousands of years ago. These early artworks,
which date back to around 20,000 B.C.E.,
depict ancient people playing musical instru-
ments. Other drawings show the animals of
the ancient world, including what appear to
be oxen.

(B P)

ca. 12,000 B.C.E.

Hunters in the Middle East domesticate
dogs.

Animals have been used to perform work
such as pulling carts and hunting game for
centuries. Dogs were one of the first animals
to be domesticated, most likely by hunters
who used them to help find and kill other
animals. As early as 12,000 B.C.E., people in
modern-day Iraq begin domesticating dogs.
Scholars believe that dogs are one of the first



6 Setting the Foundation

animals to be domesticated because they
naturally form packs with leaders and fol-
lowers, making it easier for them to accept
commands from a human.

(B)

ca. 9000 B.C.E.

Farmers in the Middle East domesticate
goats.

The domestication of animals allowed
ancient civilizations to have a dependable
supply of food. Around 9000 B.C.E., farmers
in the Middle East domesticate goats, using
them as a source of milk. Goat milk is used
to make cheeses and butter, giving the owner
a renewable source of nutrients without hav-
ing to kill the animal.

(B)

ca. 8000 B.cC.E.

Early civilizations build houses in the
Middle East.
As early man began to domesticate animals
and cultivate fruits and vegetables, civiliza-
tions could stay in one place rather than
constantly move in search of food. Archae-
ologists have discovered the remnants of
houses built in the Middle East around 8000
B.C.E. The small houses are made from sun-
dried mud bricks. As discussed in the sidebar
“Discovering the Scientific Achievements of
the Ancient World,” such artifacts are essen-
tial to the current understanding of early
history.

P

Middle Eastern farmers cultivate wheat
and barley.

Early advances in agriculture allowed civiliza-
tions to move from a migratory culture to one
that remained in a single location. Around
8000 B.C.E., early farmers in the Middle East

begin to cultivate wheat and barley, grains that
grew wild in the region. Planting and sowing
these crops gives civilizations a dependable
and renewable source of food. The crops last
well beyond harvest because these grains can
be ground into flour then stored for long peri-
ods of time without spoiling.

(B)

Farmers in the Americas cultivate maize.
Some of the earliest scientific discoveries
came in the field of agriculture, where the
domestication of animals and the cultiva-
tion of crops allowed cultures to flourish.
Around 8000 B.c.E., farmers in North and
South America begin to cultivate and harvest
maize, a breed of corn. Similar to the wheat
and barley cultivated in the Middle East
(See entry for ca. 8000 B.C.E.), maize can be
ground into flour and stored without spoil-
ing. The crop remains an important agricul-
tural product today.

(B)

ca. 7000 B.cC.E.

Early farmers domesticate cattle.

The domestication of animals was an impor-
tant advance for many ancient cultures,
allowing people to use animals for work
and raise them for food. Around 7000 B.C.E.,
farmers in modern-day Turkey domesticate
wild oxen. Domesticated cattle can carry
cargo, pull plows, provide milk, and serve as
a source of meat.

(B)

ca. 6000 B.cC.E.

South American cultures preserve corpses
as mummies.

Ancient cultures in regions of South Amer-
ica, including modern-day Chile and Peru,
attempted to preserve the bodies of the



deceased by wrapping them with cloth before
burial. These corpses, known as mummies,
retained many of the body’s living features
for far longer than an unpreserved body. The
climate and soil conditions in South America
helped to preserve these bodies.

(B

Farmers in Mesopotamia make beer from
barley.
As agriculture developed, people began to stay
in one place to hunt and harvest food and
produce other goods. Among the first domes-
ticated crops is the grain barley (See entry for
cA. 8000 B.C.E.). Around 6000 B.C.E., farmers
in Mesopotamia use barley to make beer. Beer
making is an early example of fermentation,
where microorganisms digest sugars in food
and release alcohol as a byproduct.

B 0O

ca. 5000 B.cC.E.

Farmers in the Middle East and Egypt
develop irrigation.
In ancient times, reliably growing crops
such as wheat (See entry for ca. 8000 B.C.E.)
depended upon the availability of fresh
water. As more crops are grown, farmers in
the Middle East and Egypt develop meth-
ods of harnessing water from nearby rivers,
called irrigation. By digging ditches around
the crop, farmers direct the water from the
river to the crops, providing a steady supply
of water. In Egypt, farmers harness the flood-
waters from the Nile River. The development
of irrigation marks a major step in the expan-
sion of agriculture.

(B, ES)

Ancient Egyptians develop the balance.

Accurate measurements were essential for
trade, agriculture, and the advancement
of science. Around 5000 B.C.E., scholars in

ca. 4000 B.c.e. 7

ancient Egypt develop the balance to deter-
mine the weight of an object. Eventually a
system of weight develops based on a unit
called a kite. The standard weight of a kite
varies throughout Egyptian history, ranging
from 0.14 ounces (4 g) to just over a single
ounce (30 g).

®

ca. 4000 B.C.E.

Ancient Egyptians mine and smelt copper.
Homo habilis, an ancestor of modern humans,
first used stone tools around 1,800,000
B.C.E. (See entry for cA. 1,800,000 B.C.E.). As
civilizations became more advanced, crafts-
men found that metals were more useful
for making tools than stones. An important
early advance was the mining of metal ores.
Around 4000 B.c.E., ancient Egyptians begin
to mine copper ores. Ores are not pure metal
and must be purified. Heating metal ores to
the point of melting allows metalworkers to
recover pure metal from an ore, a process
known as smelting. The ancient Egyptians
who performed this work began the science
of metallurgy.

(C, ES)

Ships sail in Mesopotamia and Egypt.
The development of transportation relied
upon a basic understanding of physics, as
vehicles were essentially simple machines
that helped humans perform work. Engi-
neers and scholars designed vehicles that
could easily move goods and people. Rather
than carry goods by land, some opted to use
the water, building hollowed-out boats and
rafts. Around 4000 B.C.E., scholars design
ships with sails that move by wind power.
The development of sailing ships improves
communication between societies and leads
to the exploration of distant lands.

(MS, P)
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Craftsmen in Mesopotamia devise a kiln.

In the ancient world, bricks were made from
mud, then “baked” in the sun. As heat is an
important component in brick making, crafts-
men soon realized that bricks that are burned
are stronger than those that are sun-dried.
Around 4000 B.C.E., craftsmen in Mesopota-
mia develop an oven or kiln to burn bricks.

©

Ancient Chinese develop the plow.

Early advances in agriculture helped ancient
civilizations survive and thrive. By 4000
B.C.E., farmers in ancient China use mechani-

cal plows to turn soil in the fields. While
Chinese make their first plows out of wood,
later plows are built from new materials such
as bronze and iron. Plows are pulled either
by men or by domesticated animals such
as oxen. During the Middle Ages, European
farmers replicate Chinese design.

P)

ca. 3600 B.C.E.

Sumerians use bronze.
The first tools were made from stone (See
entry for ca. 1,800,000 B.c.E.). With the dis-

ELEMENTS KNOWN TO ANCIENT SCHOLARS

Main ore from

Date of which metal Main method
Metal discovery is obtained of extraction Main uses
Iron Ancient Haematite, Reduce Fe,03 Most important structural
Fe, 03 with carbon metal (as steel), vehicles,
monoxide engines, tools
Tin Ancient Tinstone, SnO, Reduce SnO, Tin plate (coating iron),
with carbon alloys (e.g., solder,
pewter, bronze, etc.)
Lead Ancient Galena, PbS Heat sulfide in Roof and cable covering,
air — oxide. battery plates, alloys (e.g.,
Reduce oxide solder, printing metals)
with carbon
Copper Ancient Copper pyrites, Controlled heating  Electrical wires, cables, etc.,
CuFeS, with correct water pipes, alloys,
(CusS + FeS) amount of (e.g., brass, bronze)
air = Cu + SO,
Mercury  Ancient Cinnabar, HgS Heat in Scientific equipment
air = Hg + SO, (e.g., barometers,

thermometers, etc.),
mercury vapor lamps,
chlor-alkali cells

This table shows some of the elements discovered by ancient cultures and their modern-day uses.



covery of metal ores, early craftsmen used
metals in lieu of stone to make tools. Around
3600 B.C.E., Sumerian craftsmen discover
bronze, an alloy of copper and tin. Bronze
is both stronger and easier to manipulate
than copper. By 3600 B.C.E., the use of bronze
spreads across the Middle East, heralding
what is now called the “Bronze Age.”

©

ca. 3500 B.cC.E.

Ancient Egyptians develop a timekeeping
device.
As described in the sidebar “Measuring Time
in the Ancient World,” early timekeep-
ing devices and calendars depended on the
movement of the Sun and Moon. Around
3500 B.c.E., one of the first timekeeping
devices, the gnomon, is developed in ancient
Egypt. A gnomon is composed of a vertical
stick that casts a shadow on the ground or a
stone base when left in the sunlight. Scholars
estimate the time by looking at the position
of the shadow. The gnomon is a precursor to
the sundial.

(SA)

Sumerians write using pictograms.
Writing was an essential development in
ancient civilizations, allowing people to
record observations, rituals, and other in-
formation for future generations. Around
3500 B.C.E., the Sumerian people begin using
pictograms as a form of writing. Pictograms
are a series of symbols depicting various
objects and animals that are used to con-
vey information. Eventually the system
expands to include more than 1,000 differ-
ent symbols.

(B, C, ES, M, MS, P, SA, W)

Sumerians use wheeled carts.
Advances in transportation allowed ancient
cultures to move goods and people. Around

ca.3100B.c.E. 9

3500 B.C.E., Sumerian craftsmen make a great
advance in land transportation when they
develop wheeled carts. Wheels roll along
the ground, making it easier for a person or
an animal to pull a heavy cart. The use of
the wheel soon spreads to the movement of
water, where waterwheels become an impor-
tant aid for irrigation.

(P)

ca. 3200 B.C.E.

Sumerians develop cuneiform writing.
As described in the sidebar “Discovering
the Scientific Advances of the Ancient
World,” the development of writing in
ancient civilizations allowed scholars to
pass on important information to future
generations. Sumerians developed a sys-
tem of pictographs by 3500 B.C.E. (See entry
for cA. 3500 B.c.E.). Around 3200 B.C.E., the
system evolves into a more systematic form
of writing known as cuneiform. Using a
blunt-ended stylus, Sumerians imprint
wedgelike strokes into a clay tablet. Today,
scholars use the cuneiform records to
help them understand the way of life and
achievements in the Middle East thousands
of years ago.

(B, C, ES, M, MS, P, SA, W)

ca. 3100 B.cC.E.

Egyptians develop a hieroglyphic system
of writing.

Much of our knowledge of ancient civili-
zations comes from the writings they left
behind. By 3100 B.C.E., ancient Egyptians
develop the hieroglyphic system of writ-
ing. Hieroglyphics consists of pictures that
depict common objects. As a more sophis-
ticated system develops, pictures are used
to represent sounds so the writing could be
read phonetically. As discussed in the sidebar
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MEASURING TIME IN THE ANCIENT WORLD

Today, the opportunity to glance at a watch
or calendar and find out the day and time is
easily taken for granted. In ancient civilizations,
devices that mark time represent a major tech-
nological and scientific advance. Timekeeping
is intimately related to astronomy, with the
observation of the Sun and Moon serving as
important markers for the month and year. The
seasons of the year are marked by the summer
and winter solstices, which correlate to the lon-
gest and shortest days of the year, respectively,
and by the vernal and autumnal equinoxes,
defined as the dates when day and night are
the same length. Similarly, early timekeeping
devices, such as the sundial, monitor the posi-
tion of the Sun in the sky. Other clocks are based
on the flow of water over time.

The timekeeping devices used by differ-
ent cultures are remarkably similar. The first of
these devices is the gnomon, an early sundial.
The gnomon is essentially a large stick placed in
direct sunlight. The time of day is determined
by following the position of the shadow cast by
the gnomon. Gnomons are used in Egypt for
thousands of years. The next advance in time-
keeping also comes in Egypt with the invention
of the sundial. Improving upon the basic design
of the gnomon, sundials feature a crosspiece
that casts a shadow upon an inscribed stone.
Time is kept by reading the markings on the
stone. A third timekeeping device found in
the ancient world is the water clock. The first
water clocks keep time by marking the passage
of water from one vessel to another through a

“Discovering the Scientific Advances of the
Ancient World,” translating scrolls and other
hieroglyphic writings has allowed modern
scholars to learn about the achievements of
the ancient Egyptians.

(B, C, ES, M, MS, P, SA, W)

small hole. The second vessel is marked so that
the time that has passed can be read. This basic
design is improved upon in Greece around 270
B.C.E., when the flow of water is used to turn a
rod and time is read by the position of the rod.
This improved water clock, called a clepsydra, is
used until the Renaissance.

Ancient cultures also develop calendars
to keep track of longer stretches of time that
coincide with the four seasons. Calendars are
based upon astronomical observations, mark-
ing the passage of time using the phases of
the Moon and movement of the Sun. Civiliza-
tions from Asia to the Americas develop cal-
endars based upon the phases of the Moon.
These lunar calendars divide time into a series
of 30-day months. Calendars based completely
upon the phases of the Moon have an inher-
ent problem, as over time the months begin to
fall out of line with the seasons. The planting
and harvesting of crops depends upon accu-
rate calendars, therefore scholars soon devise
methods to reconcile the lunar calendar with
the four seasons. One solution is to change the
length of months, with some lasting 30 days
and other 29 days. Other civilizations insert
extra days into the calendar to help reconcile
this discrepancy. The second type of calendar
found in the ancient world is the solar calendar,
which measures time based upon the position
of the Sun in the sky. Calendars based solely
on the position of the Sun, known as solar cal-
endars, correlate well with the growing season
and are more adaptable to agriculture than

Ancient craftsmen begin building
Stonehenge.

As described in the sidebar “Discovering the
Scientific Advances of the Ancient World,”
much of what is now known of ancient cul-
tures came from structures built thousands
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Ancient cultures around the world develop calendars based upon astronomical observations. This photograph
depicts a stone showing the Aztec calendar. (Chris R. Sharp/Photo Researchers, Inc)

are lunar calendars. However, the length of
the solar year, 365%4 days, makes it difficult to
divide time into months. As a result, scholars
combine the lunar and solar calendars. These
lunar-solar calendars divide a 365-day year into
12 30-day months. In Egypt, five extra days
are added to the year to reconcile the lunar
and solar calendars. China also adopts a lunar-
solar calendar, but they use a slightly differ-

of years ago. In some cases, a few clues that
hint at the purpose of these structures have
been found, and their function is a mystery
today. One of the most famous structures
is the circular arrangement of rocks known
as Stonehenge. The construction of this

ent means to reconcile the length of the year.
The Chinese calendar, still in use today, adds
an extra month or leap month every few years
to assure that the calendar stays in step with
the seasons. Western calendars are currently
based on the 365-day year with an extra day
added every four years. This “leap year” is first
adopted in Rome when the Julian calendar is
developed around 46 B.C.E.

monument begins around 3100 B.C.E. and
continues over 10,000 years. Modern astron-
omers have noted that the northeast axis
of the monument aligns with the Sun dur-
ing the summer solstice, suggesting that the
site may have been used for astronomical
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observations. Other scholars believe the site
was used for religious worship.
(P, SA)

ca. 3000 B.cC.E.

Egyptians predict the Nile floods.
Agriculture in ancient Egypt depended
upon the flooding of the Nile River. Around
3000 B.c.E., Egyptian scholars invent a
device called the nilometer to predict the
extent of the flood. The nilometer is used
to determine the depth of the Nile at a
given point and time, allowing scholars to
predict whether or not the flood will supply
a sufficient amount of water for the crops.
The nilometer also helps determine if a
flood has the potential to put nearby cities
in danger.

W)

Egyptians develop a standard measure
of length.
Standard systems of measure are essential
for commerce, engineering, and science.
Around 3000 B.C.E., ancient Egyptian schol-
ars develop the cubit, a standard measure of
length. Defined as the length of an arm from
the elbow to the tip of the middle finger,
the cubit measures approximately 18 inches
(46 cm).

P)

Chinese domesticate the silkworm.

The domestication of animals led to a
revolution in agriculture for civilizations
throughout the ancient world. Domesticated
animals helped perform heavy work, such
as driving a plow, aided with hunting, and
served as food sources. Around 3000 B.C.E.,
Chinese craftsmen domesticate the silkworm
and begin using them to produce silk. Today,
silk makers around the world continue to use
the Chinese silkworm.

(B)

Babylonian mathematicians adopt a
sexagesimal number system.
As writing spread, scholars developed num-
ber systems to represent quantities. One of
the first is found in Babylon around 3000
B.C.E. The Babylonian system is based on
quantities of 60 or a sexagesimal system.
In base 60, the numbers one through 59
are each represented by a unique character,
while numbers larger than 59 are expressed
by grouping smaller numbers using positional
notation. The development of a positional
notation system facilitates calculations that
involve large numbers.

M)

ca. 2800 B.cC.E.

Mesopotamian astronomers develop a
lunar calendar.
The sidebar “Measuring Time in the Ancient
World,” describes how the development of
clocks and calendars required an understand-
ing of astronomy. Around 2800 B.C.E., astron-
omers in Mesopotamia develop a calendar
based upon the motion of the Moon. Accord-
ing to their lunar calendar, a year is 354 days
long. Such purely lunar calendars are not
used for long, because the length of the year
exceeds that of a solar year, and the calendar
falls out of phase with the four seasons.

(SA)

ca. 2700 B.C.E.

Sumerian astronomers add a solar year to
the calendar.

As described in the sidebar “Measuring Time
in the Ancient World,” astronomers played a
critical role in the development of calendars.
The first calendars developed in Mesopo-
tamia (See entry for ca. 2800 B.C.E.) were
based on the cycles of the Moon, with each
month beginning at the first appearance of



ca. 2700 B.C.E.

DISCOVERING THE SCIENTIFIC ADVANCES OF THE ANCIENT WORLD

Ancient civilizations left behind many clues
to their achievements, including monuments
such as Stonehenge and the pyramids of
Egypt, and writings that have been found in
the Middle East and China. Modern archae-
ologists continue to uncover artifacts and
written records that provide clues as to the
scientific knowledge of early cultures. This
research traditionally focuses on tracing the
roots of Western science from Mesopotamia
to ancient Greece, then culminating in the
Renaissance in Europe. However, many of the
same scientific and technological advances
were also made in India, China, and the Ameri-
cas, and the achievements of early cultures in
Africa and Australia are still being uncovered.
The history of science in the ancient world con-
tinues to be written as today’s scholars use a
combination of archaeology, history, and sci-
ence to uncover the scientific advances of the
ancient world.

Ancient civilizations from Europe to the
Americas left behind buildings and monu-
ments that remain standing today. Such monu-

One of the methods that modern historians use

to learn about ancient science is archaeological
excavation. This photograph is from an excavation in
Ashkelon, Israel, that uncovered pottery at the site of
an ancient Canaanite city. (Richard T. Nowitz/

Photo Researchers, Inc)

ments are a testament to some of the scientific
and engineering achievements of these early
cultures. Perhaps the best-known architec-
tural achievement of the ancient world is the
pyramids of Egypt and South America. Simi-
lar structures are found in India, Ethiopia,
Mexico, and southern Europe. Modern schol-
ars have noted that many of these structures
represent astronomical as well as architectural
achievements. Among the most famous are
Stonehenge, an arrangement of stones found
in modern-day England, where the northeast
axis of the monument is in alignment with
the Sun during the summer solstice, as well
as temples in Mexico and Central America,
where the structures are aligned with the Sun
during the two equinoxes. By studying these
and other structures, today’s scholars gain
insight into the scientific knowledge of ancient
cultures.

In addition to buildings, archaeologists
study artifacts found at the sites of ancient cit-
ies, which provide insight into the tools a civi-
lization had developed, the materials craftsmen
used, and how these achievements affected
the everyday way of life of the people. The
discovery of scientific instruments, such as the
gnomon, gives scholars a sense of how early sci-
entists studied the world around them. Other
artifacts, such as paintings found inside caves
and tombs, show how citizens used tools for
hunting, agriculture, building, or other tasks
needed for survival.

While structures and artifacts tell part of
the story of scientific achievement in the
ancient world, most of our knowledge comes
from the written record. The ability of modern
scholars to decipher and translate the cunei-
form writings of Sumerian scholars, the hiero-
glyphs found in Egyptian tombs and scrolls,
and the existing records from Chinese dynasties
provides a wealth of information about the

(continues)
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(continued)

mathematical and astronomical achievements
of these societies. Similarly, the works of
the ancient Greek natural philosophers
survived through careful translation by Arab
scholars. While a wealth of information and
insight has been gained through these records,
the potential to understand even more
about these cultures has likely been lost.
Throughout history, the written records
of cultures have been destroyed, from
the destruction of the library at Alex-
andria and the burning of mathematics
books in China centuries ago, to the destruc-
tion of libraries and museums in war-torn
nations today. The loss of such important doc-
uments impairs the ability of historians and
scientists to understand the achievements of
the ancient world.

the Moon. Around 2700 B.C.E., astronomers
in Mesopotamia refine the calendar, bas-
ing the length of the year on the motion of
the Sun, and the length of each month on
the cycle of the Moon. This lunar-solar cal-
endar is used throughout most of the Middle
East.

(SA)

Ancient Egyptians introduce the 365-day
calendar.

The sidebar “Measuring Time in the Ancient
World,” describes the development of the
modern calendar. Thousands of years ago,
lunar calendars were used throughout the
Middle East. By reconciling the motions of
both the Moon and the Sun, Sumerians devel-
oped a calendar dividing the year into twelve
30-day months. However, this calendar was
five days short of the 365-day cycle of the
Sun. Around 2700 B.C.E., the government of
ancient Egypt institutes a 365-day calendar,

Modern scholars will probably never know
much of the science of the ancient world. The
archaeological records that have been exten-
sively studied give today’s historians a picture
of the achievements of civilization in the Mid-
dle East, Egypt, and ancient Greece. Western
scholars have recently taken a greater interest
in the work of early Chinese and Hindu scien-
tists, as well as the achievements of the Maya,
Aztec, and Olmec cultures in the Americas.
Future studies may broaden the current picture
of scientific achievement and include a greater
understanding of cultures in Africa and Austra-
lia. However, no amount of research will quell
the controversy over the assignment of what
civilization “first discovered” various tools,
materials, mathematical principles, and celes-
tial bodies.

with twelve 30-day months and five extra
days.
(SA)

ca. 2680 B.C.E.

Egyptians build a step pyramid.

As described in the sidebar “Discovering the
Scientific Advances of the Ancient World,”
many ancient civilizations built pyramids
that remain standing today. Among the most
famous are those found in Egypt. Pyramids
are large structures with a rectangular base
and four triangular sloping sides. Around
2680 B.C.E., the ancient Egyptians build their
first pyramid, a tomb for the pharaoh King
Djoser (ca. 2700 B.C.E.). Known as a step
pyramid, the structure features a large tomb
within the interior and a series of connected
underground rooms, including the burial
chamber.

P)



ca. 2500 B.c.E.

Egyptian physicians use false teeth.
Modern knowledge of medical practices in the
ancient world comes from both the written
and fossil record (See sidebar “Discovering the
Scientific Advances of the Ancient World”).
For example, a fossilized human jawbone
found in what was ancient Egypt contained an
early form of false teeth. Around 2500 B.C.E.,
ancient Egyptian dentists use real teeth held
together with wire and attached to the jaw
through a hole drilled in an adjacent tooth.

(B)

Egyptians develop hieratic script.
Egyptian hieroglyphs are one of the earli-
est known writing systems. Around 2500
B.C.E., the ancient Egyptians develop a sec-
ond system of writing, hieratic script, based
on hieroglyphs. Hieratic script, which is less
detailed and faster to write than hieroglyphs,
is used for everyday tasks, while hieroglyphs
are saved for tombs and other monuments.
(B, C, ES, M, MS, P, SA, W)

Egyptians make wine from grapes.

The discovery of fermentation, the process
by which alcohol is produced by microor-
ganisms that digest sugar, allowed ancient
cultures to produce alcoholic beverages such
as beer (See entry for ca. 6000 B.C.E.). Around
2500 B.C.E., ancient Egyptians grow grapes and
use them to make wine. Winemaking spreads
across the Middle East, where grapes had been
harvested for centuries, and plays an impor-
tant role in many religious ceremonies.

CAe)

ca. 2400 B.C.E.

Chinese adopt a calendar based upon the
movement of the Sun and the Moon.

As described in the sidebar “Measuring Time
in the Ancient World,” accurate calendars

ca. 2000 B.c.e. 15

depended upon the availability of astro-
nomical observations. Astronomers in China
made and recorded observations of the Sun
and Moon. Around 2400 B.C.E., these obser-
vations are used to design a lunar-solar cal-
endar. The Chinese calendar sets the length
of a year to the position of the Sun in sky,
while movement of the Moon sets the length
of a month. Leap months are added periodi-
cally to reconcile the lunar and solar calen-
dars. The system is so accurate that a version
of this calendar continues to be used today.
(SA)

ca. 2250 B.C.E.

Egyptian physicians describe surgery.
Physicians and healers have used surgery
since ancient times. Around 2250 B.C.E., Egyp-
tian scholars describe a variety of surgical
techniques, known as The Book of Surgery. The
scroll describes how to diagnose and treat a
variety of disorders. Scholars describe how to
use bandages, splints, and compresses, as well
as set broken bones and saw through skulls.

(B

ca. 2000 B.C.E.

Egyptian farmers use plows driven
by oxen.
Ancient scholars made many advances in
agriculture that allowed their civilizations to
thrive. Around 2000 B.C.E., farmers in ancient
Egypt domesticate oxen and harness them to
plows. The oxen-driven plows replace plows
dragged along by humans, freeing workers to
take on other tasks in the field.

(8, P)

Babylonians expand their system of
weights and measures.

Reproducible standards of weights and
measures are essential for activities from
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commerce to construction. The Babylonians
developed the first known unit of weight,
the mina, which weighed around 640 grams.
Around 2000 B.C.E., Babylonian scholars
develop standards of length as well. The
kus is the basic unit of length in Baby-
lon, measuring approximately 20.1 inches
(53 cm).

P

ca. 1950 B.C.E.

Babylonians discover the relationship
between the sides of a right triangle.
The ancient Greeks were known for their
achievements in geometry. Some of the basic
theorems of the field, however, were known
by other ancient cultures. Around 1950
B.C.E., Babylonian mathematicians realize
the relationship between the sides of a right
triangle: the sum of the squares of the sides
are equal to the square of the angle oppo-
site the right angle, now known as the Pytha-
gorean theorem (See entry for ca. 550 B.C.E.),
or a? + b? = ¢ Babylonian mathematicians
note a number sets of whole numbers (for
example 3, 4, and 5) that fulfill this rela-
tionship.

M)

ca. 1800 B.c.E.

Mathematicians in Mesopotamia develop
multiplication tables.

Early mathematics focused on the deve-
lopment of number systems as well as
basic operations in arithmetic and early
studies in geometry. In Mesopotamia, Baby-
lonian scholars developed a number system
based around groups of 60. Such a system
with place value notation facilitated arith-
metical calculations. For example, around
1800 B.C.E., Babylonian mathematicians
develop multiplication tables listing the

multiples of the whole numbers from one
through 20.
M)

ca. 1750 B.C.E.

Egyptian mathematicians describe
geometry problems.
The ancient Greeks excelled in the study of
geometry, but many other cultures also made
advances in the field. For example, papyri
dating to approximately 1750 B.C.E. show
that ancient Egyptian mathematicians study
geometry, focusing on ways to calculate areas
and volumes. The Egyptian mathematicians
develop methods to calculate the area of a cir-
cle and the volume of a truncated pyramid.
M)

ca. 1700 B.cC.E.

Babylonian mathematicians solve the
quadratic equation.
Ancient mathematicians contemplated prob-
lems, including the solutions of basic equa-
tions that are now considered part of the
study of algebra. One common problem was
the quadratic equation, which takes the form
ax? + bx + ¢ = 0. Around 1700 B.C.E., Baby-
lonian mathematicians become the first to
solve quadratic equations.

M)

Ahmes writes a mathematics text.
In ancient Egypt, most mathematics revolved
around everyday tasks, such as construction
or trade. Around 1700 B.C.E., the Egyptian
scribe Ahmes (ca. 1700 B.C.E.) writes a math-
ematics text, How to Obtain Information About
All Things Mysterious and Dark. He describes
basic mathematics, including arithmetic, frac-
tions, and simple geometry such as calculat-
ing areas and volumes.

M)



ca. 1650 B.c.E.

Egyptian mathematicians solve simple
equations and use fractions.
Our knowledge of mathematics in ancient
Egypt comes from a series of papyri that
detail problems and their solutions. The
Rhind papyrus, which dates to approxi-
mately 1650 B.C.E., describes the solutions
to a number of simple equations that do
not have whole number solutions. These
problems demonstrate that ancient Egyp-
tian mathematicians knew how to use
fractions.

M)

ca. 1600 B.cC.E.

Babylonian astronomers identify
constellations in the zodiac.
Early astronomers studied stars and groups
of stars called constellations. Around
1600 B.C.E., Babylonian astronomers name
specific constellations based upon the
animals they resemble. The first constella-
tions recorded are the lion (Leo), the bull
(Taurus), and the scorpion (Scorpio). Even-
tually, these constellations, along with nine
others, are used to name the 12 regions of
the skies that Babylonian astrologers call
the zodiac.

(SA)

ca. 1500 B.cC.E.

Egyptians construct “Cleopatra’s Needles.”
As described in the sidebar “Measuring
Time in the Ancient World,” early astro-
nomical devices calculated the movement of
the Sun by providing a method to measure
the shadows cast by long pillars. Ancient
Egyptians built large granite pillars called
obelisks that stood at the entrance of
some temples. Around 1500 B.C.E., crafts-

ca. 1400 B.c.e. 17

men in Heliopolis build one of the most
famous pairs of obelisks, known as “Cleopa-
tra’s Needles.” The shadow cast by the obe-
lisks allows scholars to calculate time, the
length of seasons, and the timing of sol-
stices. Today one of the pillars stands in
Central Park in New York City and the other
resides on the banks of the Thames River in
London.

(SA)

ca. 1450 B.c.E.

Egyptian scholars develop the water
clock.

Ancient cultures developed a number of
methods to measure time, such as the gno-
mon and the sundial (See the sidebar “Mea-
suring Time in the Ancient World” for more
details). Around 1450 B.C.E., scholars in
ancient Egypt devise a new type of clock,
called the water clock, which measures the
passing of time by tracking the flow of water
between two vessels. Early Egyptian water
clocks follow water flowing from a full ves-
sel through a hole and into a second vessel.
The second vessel has graduated marks that
allow scholars to calculate how much time
has passed.

®

ca. 1400 B.cC.E.

Egyptian craftsmen produce glass vases.
Ancient Egyptian craftsmen knew how to
make glass from silica sand. Around 1400
B.C.E., they make glass vases, the first useful
vessels made from this material. The vases
are made from what is now known as mosaic
glass, fusing many individual pieces of glass
together to form a complete object. Today,
these objects are considered the first exam-
ples of modern glassmaking.

©
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ca. 1300 B.cC.E.

Chinese mathematicians use the decimal
system.

Arithmetical calculations are easier using
place value notation systems, where quantities
are represented in particular places in a num-
ber. For example, the place value notation
system commonly used today is a decimal
system, where each place in a number repre-
sents a power of 10. The first use of the deci-
mal system dates to the 13th century B.C.E. in
China, when an inscription describing 547
days is written as 500 days plus 40 days plus
seven days.

M)

Chinese develop lacquer.

Synthetic materials such as plastics are
often considered to be modern inventions.
However, ancient cultures also developed
processed materials. Around 1300 B.C.E.,
Chinese craftsmen invent a plastic varnish
called lacquer, which is made from the
sap of the lacquer tree. The rubberlike
substance is used to make, among other
things, utensils, furniture, coffins, and
trinkets.

©

ca. 1100 B.cC.E.

Chinese astronomers observe a comet.
Many ancient cultures studied the skies for
religious rather than for scientific reasons.
Regardless of their motivations, these early
astronomers made many important scientific
observations. For example, Chinese astrono-
mers made key astronomical observations
and recorded many of the first known sight-
ings of celestial bodies. Around 1100 B.C.E.,
Chinese astronomers record the observation
of a comet.

(SA)

ca. 1000 B.cC.E.

The use of iron spreads through Europe.
The use of metals purified from ores greatly
expanded the ability of ancient craftsmen
to make tools. By 1000 B.C.E., civilizations in
Europe learn how to smelt iron ores to obtain
pure iron. Iron is one of the most abundant
metals on the Earth and is found in greater
quantities than copper, one of two metals
used to make bronze (See entry for ca. 3600
B.C.E.). The widespread use of iron in Europe
marks the beginning of the “Iron Age.”

(G, ES)

Farmers begin breeding domesticated
animals.

Domesticated animals performed a variety of
tasks in the ancient world, from serving as a
food source to helping with hard labor such
as pulling a plow. Different animals were bet-
ter suited to certain tasks, and within a group
of the same species, some individuals would
excel. Around 1000 B.C.E., farmers begin speci-
fically breeding animals in hopes that their
offspring will have the same or better traits
than their parents. Animal breeding remains
an important technique in agriculture today.

(B)

Babylonian and Chinese mathematicians
use the abacus.

Calculating devices have been used to aid
mathematicians performing complex cal-
culations for centuries. The earliest of these
devices is the abacus or counting board. Both
Babylonian and Chinese mathematicians
develop an abacus around 1000 B.C.E. Many
believe the Babylonians first developed the
abacus; however, this remains controver-
sial. Chinese mathematicians, students, and
bankers excel using the abacus, and it con-
tinues to be used into the 20th century.

M)
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Chinese and Babylonian mathematicians develop
the abacus ca. 10th century 8.c.e. Many Chinese
people continue to use the abacus well into the
20th century c.t. This example comes from 19th-
century China. (Museum of the History of Science,
Oxford)

ca. 900 B.C.E.

Olmec engineers build pyramids in
Teotihuacan.

As described in the sidebar “Discovering the
Scientific Advances of the Ancient World,”
civilizations throughout the world built mas-
sive pyramids. Around 900 B.C.E., in what is
now Mexico, the Olmec build two stone pyr-
amids, known as the Pyramid of the Sun and
the Pyramid of the Moon in Teotihuacén.
The exteriors of the pyramids are stone,
which coat walls made of mud bricks.

)

Ancient Egyptians temper steel.

Widespread use of iron and its alloys for mak-
ing tools began around 1000 B.C.E. (See entry
for caA. 1000 B.C.E.). Steel, an alloy of carbon
and iron, was widely used by craftsmen at
this time. Early steel was very brittle, limit-
ing its usefulness. Around 900 B.C.E., ancient
Egyptians develop a method to make steel
less brittle by reheating it, a process known

ca. 700 B.c.e. 19

as tempering. Tempered steel is stronger than
other alloys and is used to make knives and
other weapons.

©

June 15, 763 B.C.E.

Babylonian astronomers record a
solar eclipse.
An eclipse is observed when Earth and two
other bodies become aligned. During an
eclipse, the view of one of these objects is
blocked as observed from Earth. Ancient as-
tronomers recorded solar eclipses, which occur
when the Moon comes between the Sun and
the Earth. The first record of a solar eclipse can
be traced to ancient Babylon. Modern schol-
ars have concluded that the eclipse referred to
in these ancient documents occurred on June
15, 763 B.C.E. By 720 B.C.E., Chinese astrono-
mers also record a solar eclipse.

(SA)

ca. 700 B.C.E.

Sushruta describes surgical techniques.
Surgery has been used to treat medical condi-
tions for centuries. In India, the first descrip-
tion of surgical techniques comes around
700 B.C.E. In the text Sushruta Samhita, the
Hindu physician Sushruta describes more
than 100 different surgical instruments, and
many common surgical procedures includ-
ing amputating limbs, stitching cuts, extract-
ing teeth, draining wounds, and removing
cataracts.

(B

Egyptians develop the sundial.

As described in the sidebar “Measuring Time
in the Ancient World,” early clocks mea-
sured time by tracking the movement of the
Sun in sky. The gnomon is one such device.
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SOLAR AND LUNAR ECLIPSES
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Ancient astronomers recorded both solar and lunar eclipses. Solar eclipses (top) occur when the Moon
comes between the Earth and the Sun; lunar eclipses (bottom) occur when the Earth passes between

the Sun and the Moon.

Around 700 B.C.E., ancient Egyptians develop
the sundial, a more precise timekeeper. The
sundial consists of a base inscribed with time
divisions and a raised crosspiece that casts
a shadow upon the base when the device is
exposed to the Sun.

(SA)

ca. 691 B.C.E.

Assyrian engineers build an aqueduct.

As ancient cities grew larger, engineers began
building conduits or aqueducts to channel
water from the hillsides to the fields below.
Around 691 B.C.E., Assyrian engineers build
an aqueduct across a valley that feeds into



the city of Nineveh. The 900-foot-long chan-
nel is a precursor to the modern aqueducts
used to supply water to cities and farms.

P

ca. 600 B.C.E.

Chinese use gnomons to measure the
length of the year.
As described in the sidebar “Measuring Time
in the Ancient World,” the instruments
that allowed scholars to make astronomical
observations aided accurate timekeeping.
Around 600 B.C.E., Chinese astronomers use
a gnomon to measure the length of the sum-
mer and winter solstice. Using data collected
with the gnomon, scholars calculate the
length of the solar year. The gnomon con-
sists of a large stick or pillar placed upright
in the Sun, where it can cast a shadow on a
marked tablet used to measure the length of
the shadow.

(SA)

Chinese develop the iron plow.

Plows, one of the great agricultural advances
of the ancient world, appeared in many cul-
tures. China is believed to be the first civili-
zation to develop the plow (See entry for ca.
4000 B.C.E.). Around 600 B.C.E., the Chinese
develop the first iron plows, known as kuan,
which are pulled by oxen.

®

Chinese use plants to identify the
minerals in soil.

Plants are sensitive to the mineral composition
of soil in which they grow. Soil composition is
not uniform across the land; in fact different
areas can have strikingly different concentra-
tions of a host of minerals. Certain species of
plants grow well near mineral deposits, while
others will not grow at all. Ancient Chinese
scholars make this observation around 600
B.C.E. and begin to study plant life as mark-
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ers for lands that are rich in specific miner-
als. The Classic of Mountains and Seas describes
the plant life that tends to grow near gold ore.
Such observations help engineers determine
the best sites to establish mines.

(B, ES)

May 28, 585 B.C.E.

Thales of Miletus correctly predicts a solar
eclipse.
Eclipses were studied by astronomers in many
different ancient cultures, from China to
Babylon. Greek scholar Thales of Miletus (ca.
625-547 B.C.E.) is credited with successfully
predicting that a solar eclipse would occur
on May 28, 585 B.C.E. Thales becomes one of
the most famous scientists of ancient Greece.
Today, many scholars believe he used meth-
ods developed by Babylonian astronomers to
predict when the eclipse would occur.

(SA)

ca. 580 B.C.E.

Thales of Miletus states that all matter is
made primarily of water.
For centuries, philosophers and scientists
pondered the nature of matter. One of the
first Western scholars to tackle this question
was Greek philosopher Thales of Miletus.
Around 580 B.c.E., Thales proposes that all
matter is made primarily of water. He uses
this theory to explain natural phenomena
such as earthquakes. His theory is soon sup-
planted by the work of Aristotle and other
Greek philosophers.

©

Thales of Miletus introduces geometry to
ancient Greece.

Ancient Greek mathematicians were re-
nowned for their accomplishments in geometry.
Around 580 B.C.E., Greek philosopher Tha-



22 Setting the Foundation

les of Miletus brings the study of geometry
to Greece from Egypt. Thales describes the
basic rules of angles and triangles, defines
the diameter of a circle, and uses geometry to
solve practical problems such as calculating
heights and distances.

M)

ca. 550 B.C.E.

Pythagoras describes the mathematics of
acoustics.
Mathematicians in ancient Greece studied
the relationship between mathematics and
the natural world. One of the first to apply
mathematics to natural phenomena was
Greek mathematician Pythagoras (ca. 580-
500 B.C.E.). Around 550 B.C.E., Pythagoras
and his followers use simple experiments
to investigate how sounds are made by a
variety of instruments. The Pythagoreans
describe the relationship between the length
of a wind instrument and the pitch of the
note it produces. Similarly, the sound of a
string instrument varies with the length of
the string. The Pythagoreans are among the
first to recognize the numerical relationship
between musical harmonies.

(M, P)

Pythagoreans describe the relationship
between the sides of a right triangle.

The Greek school founded by Pythagoras
made advances in mathematics and phys-
ics but was probably best known for the
Pythagorean theorem describing the relation-
ship between the sides of a right triangle. The
theorem states that the square of the length
of the side opposite the right angle, called the
hypotenuse, is equal to the sum of the squares
of the length of the other two sides, or a? + b?
= ¢? where c is the length of the hypotenuse
and a and b are the length of the other sides.
This relationship was known in many cul-
tures before the Pythagoreans embarked

Bust of the ancient Greek philosopher Pythagoras.
The Pythagorean School is famous for work in
mathematics, most notably lending its name to
the theorem describing the relationship between
the sides of the right triangle. (SPL/Photo
Researchers, Inc)

upon their study of geometry; however the
name endures.

M)

Anaximander models the Earth based on
scientific principles.

Philosophers in ancient Greece studied a
wide range of natural phenomena from
mathematics to Earth science. Around 550
B.C.E., Greek astronomer Anaximander (610-
ca. 547 B.C.E.), a pupil of Thales of Miletus
(See entry for ca. 580 B.C.E.), presents a model



of Farth, describing it as cylindrical in shape.
Anaximander hypothesizes that Earth is
unsuspended in the universe. He believes in
a geocentric model of the universe, with Earth
at the center of the universe and stars and
other heavenly bodies rotating around it.
(SA)

Anaximander presents a theory for the
origin of the universe.

Greek philosopher Anaximander, a student
of Thales of Miletus (See entry for ca. 580
B.C.E.), described theories of the Earth and the
universe. Around 550 B.C.E., he presents his
theory for the origin of the universe. Accord-
ing to Anaximander, the universe forms by
a mechanical force that separates matter into
opposite components such as hot and cold
or earth and ether.

(SA)

Anaximander describes the origins of life.
Natural philosophers in ancient Greece pon-
dered many of the questions that are still
studied by scientists today. For example,
Greek philosopher Anaximander presents
his ideas on the origin and evolution of life
around 550 B.C.E. Anaximander believes that
life first develops in the mud, evolving into
fish and other marine life that eventually
makes the leap to land. His theory represents
an early theory of evolution.

(B)

ca. 545 B.C.E.

Anaximenes of Miletus states that all
matter is made of air.

For centuries, philosophers and scientists have
pondered the nature of matter. Ancient Greek
philosophers and scientists believed that mat-
ter is made of one or more fundamental sub-
stances. Around 545 B.C.E., Greek philosopher
Anaximenes of Miletus (ca. 545 B.C.E.) proposes
that air is the primary substance in all matter.
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He points to the condensation of water as a
mechanism by which air can be transformed
from one substance to another.

©

ca. 530 B.C.E.

Xenophanes observes fossils of sea life on
mountaintops.
Modern geologists and paleontologists study
fossils to understand early life. This tradition
begins in ancient Greece around 530 B.C.E.,
when Greek philosopher Xenophanes (ca.
560-ca. 478 B.C.E.) describes finding fossil-
ized seashells and fish on mountaintops. He
suggests that the land on the mountaintops
was once underwater. Xenophanes uses fos-
sil evidence to develop his theory that the
Earth formed from a condensation of water
and mud.

(ES)

ca. 520 B.C.E.

Pythagorean mathematicians note
irrational numbers.
Ancient Greek mathematicians excelled in
the field of geometry. The mathematicians
who were part of the Pythagorean school
studied the numerical relationships found in
geometry, with the belief that all objects can
be expressed using integers or ratios of inte-
gers. Around 520 B.C.E., Pythagorean math-
ematicians realize the length of a diagonal
of a square cannot be expressed as a ratio of
integers, suggesting the existence of irrational
numbers.

M)

ca. 510 B.C.E.

Hecataeus of Miletus describes the
geography of Europe, Africa, and Asia.

As people in ancient civilizations began to
travel to distant lands, scholars wrote works
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of geography, describing the terrain and
culture of the known cultures. Around 510
B.C.E., Greek scholar Hecataeus of Miletus
(sixth-fifth century B.C.E.) writes Periegesis
(Tour around the world), one of the first
works of geography. The three-volume work
describes the geography of Europe, Asia, and
Africa, focusing on the regions bordering the
Mediterranean Sea.

(ES)

ca. 500 B.C.E.

Kashyapa desc