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INTRODUCTION

A timeline is a record of change; The Timeline Book of Science is a record
of stunning change. In no field of human endeavor have things been
altered more quickly, dramatically, and irreversibly than in our knowl-
edge of the physical universe and our ability to manipulate it. The most
rapid and visible changes have taken place in just the last two centuries,
originating mostly in Europe and America, but many of the deepest
changes took place much earlier in distant places. It is obvious that
microwave ovens, television, computers, the theory of relativity, and
the model of the atom are products of scientific knowledge; it may be
less obvious that so are bread, the dog, the pipeline, the concept of
angles, and the year.

The Timeline Book of Science charts chronologically, from prehistory
to the present, how we came to know what we know about nature and
have what we made. It is a story with many twists and turns, frequent
shifts of locale, and a decidedly uneven pace. For millions of years the
tale hardly moves at all; after the development of agriculture it moves
gradually but slowly; then in the last few hundred years it moves at a
blinding pace. A physician from ancient Rome would have had much in
common, technologically, with a physician in seventeenth-century Italy,
but both would have great difficulty figuring out what to do with a CAT
scanner in a late-twentieth-century hospital, much less how to drive
home on the expressway after work.

It is no accident, then, that most of this book deals with the few hun-
dred years since the sixteenth and seventeenth centuries, when people
like Copernicus, Galileo, and Francis Bacon brought about a fundamen-
tal shift in humanity’s approach to studying nature, a change known as
the scientific revolution. Yet The Timeline Book of Science also outlines
other important stories of scientific progress: how early humans spread
out of Africa across the world and invented such technologies as fish
hooks, sewing needles, and the use of fire; how farmers and herders
domesticated wild plants and animals; how Chinese experimenters
invented silk, paper, and gunpowder while Chinese astronomers first
recorded what became known as Halley’s Comet; how the Hindus
developed a system of numerals that was passed to the Arabs and from
them to Europeans; and how Mayans in Central America independently
developed their own system of numerals.
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INTRODUCTION

The Timeline Book of Science ranges over as many different topics as
it does periods and locales. It charts the growth of the disciplines usually
taught in school—biology, chemistry, physics, and the earth sciences.
But it also maps the rise of technology, engineering, archaeology, pale-
ontology, mathematics, medicine, psychology, computer science, and
the exploration of earth and space. It concentrates on the physical sci-
ences but nevertheless includes entries on linguistics and the social sci-
ences—anthropology, sociology, economics, political science.

Throughout, the timeline reports action. It tells what was discovered,
invented, suggested, argued, and disproved—by whom, when, where,
and why. It notes wrong steps as well as right ones, established ideas as
well as controversial ones. There are exploded theories such as the four
humors and phlogiston (material supposedly lost in combustion): out-
moded procedures such as medical bleeding; and obsolete inventions,
such as the Stanley Steamer. There are the sometimes meandering,
sometimes steady processes by which modern theories were developed
(chemical bonding, molecular genetics) and modern technologies creat-
ed (electronics, satellites). There are controversies mostly restricted to
earlier times—the scientific debate over Darwin’s theory of evolution—
and the controversies of the present day—who first settled the
Americas; where is the mass that astronomers call “missing”?

Lest the accumulation of events become overwhelming, The Timeline
Book of Science includes sidebars that spotlight moments in the story.
Some of these are serious (how the bubonic plague was blamed on
European Jews), others humorous (how an English town incorporated a
dinosaur into its coat of arms). Some offer more detail on how a discov-
ery was made and why it was significant, while others bring out the
human side of scientists and inventors (such as Charles Goodyear, who
never made a penny from his invention of vulcanized rubber). Other
sidebars quote the reflections, observations, and quips of scientists and
eyewitnesses from Aristotle on nature to Einstein on the atomic bomb.

In the Stanley Kubrick film 2001: A Space Odyssey (1968) there is a
sequence in which a hairy ancestor of humans, having learned how to
use a bone as a weapon, hurls it into the air; the next thing we know, a
human-made spacecraft is orbiting the earth. If the devil is in the
details, then this account of our development, however evocative,
leaves much to be explained. How do we know what we know about
the universe and ourselves? What are we still trying to discover? How
did we come to own the technologies we possess; why is it they some-
times seem to own us? With the year 2001 now much closer than it was,
The Timeline Book of Science is written to help answer these questions.




A NOTE TO THE READER

The Timeline Book of Science is arranged by year and within a year by cate-
gory. The categories are as follows:

ARCH Archaeology

ASTRO Astronomy, space science, space exploration

BIO Biology, biochemistry, agriculture, ecology

CHEM Chemistry :

EARTH Earth sciences (geology, oceanography, meteorolo-
gy). earth exploration

MATH Mathematics

MED Medicine

MISC Miscellaneous

PALEO  Paleontology

PHYS Physics

PSYCH Psychology, neuroscience, artificial intelligence

SOC Social sciences (anthropology, sociology, econom-
ics, political science), linguistics

TECH Technology, engineering

In the timeline, B.c. dates are indicated by negative numbers, A.D. dates
by positive numbers.

Throughout prehistory, antiquity, and the early Middle Ages, it is
often difficult to place exact dates. Therefore, most of the dates in this
book up to the year A.0. 1000 should be considered approximate (with
certain exceptions, such as May 28, 585 B.C., the precise date of a solar
eclipse predicted by the Greek philosopher Thales). After A.D. 1000,
dates can generally be considered exact unless marked with a c. for
circa.

. This timeline is primarily a record of action—experiments, achieve-
ments, discoveries, assertions. To avoid clutter, birth and death dates of
those performing the actions have mostly been left out. However, the
birth and death dates of many of the scientists and inventors named in
the timeline are included in the Appendix.

xi
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-1,800,000
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—48,000

-38,000

-33,000

-28,000
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—-28,000

-24,000

In East Africa the hominid (humanlike) species Homo habilis makes
the first stone tools. TRCH
Homo erectus evolves. This hominid species will eventually be the
first to leave Africa and learn the use of fire. PALEO
Homo erectus populations begin to move out of Africa into Asia and
from there ultimately to Europe. BARTH

Homo erectus discovers the use of fire. The earliest firm evidence is
found at Zhoukoudian, near Beijing, China. See also 13,000 B.C. Tacu

Homo erectus invents the spear. THCH

The earliest anatomically modern Homo sapiens populations evolve
in Africa. There is still debate about whether Homo sapiens moved
out of Africa to spread across Asia and Europe, or simply evolved
independently in different regions from local Homo erectus
populations. PALIO

Homo sapiens reaches the continent of Australia from southeast
Asia. RARTH

The Cro-Magnon people Homo sapiens sapiens appear in Europe,
the Middle East, and North Africa. These anatomically modern hu-
mans will replace the existing Neanderthal populations. Along with
other modern human populations in places as far apart as Australia
and southern Africa they will invent art, develop specialized tools,
and exhibit cultural differences over place and time. THCH

Early Europeans make body ornamentation such as beads and pen-
dants, the first known form of art. TECH

Europeans mark notches on bones and stones to tally numbers. mam
Flutes, the earliest musical instruments, appear in Europe. e

Europeans make the first known sculptures from stone, bone,
antler, and horn. Some are of animals, some of exaggerated female
shapes called Venuses. TECH

Europeans invent sewing needles made of bone. vEcH
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—24,000 The fish hook and fishing line are in use in Europe. THCH

-20,000 The bow and arrow have been invented and are in use in Spain and

North Africa. THCH

-20,000 Primitive oil lamps are invented. They are probably fueled by ani-

mal fat in hollowed-out stones, with wicks of plant fiber. THCH

-20,000 Humans in Europe make paintings on cave walls. TaCH
ENVIRONMENTAL DISASTER

remodern peoples are commonly viewed as having lived in harmo-

ny with nature, while modern civilization is seen as degrading the

environment and exterminating species. This idealized view masks
a darker fact: whether their economy is hunter-gatherer or industrial-capi-
talist, humans have a long history of taking what they can until the supply
runs out. A case in point is that of the first known people in the Americas—
the ancestors of today’s Native Americans, the Clovis culture.

The Clovis culture is named for stone tools first discovered in 1952 at a
site near Clovis, New Mexico, that dates from about 9500 B.C. Similar tools
dating from about the same time have since been found across North
America. The Clovis people are widely believed to have been the original
discoverers of America, although some archaeologists place the date for the
earliest human migration into the Americas as early as 35,000 years ago.
The Clovis people migrated from Siberia into Alaska across the land bridge
that then existed across the Bering Strait. By about 10,500 years ago their
descendants reached the southern tip of South America.

The arrival of the Clovis people coincides with a remarkable wave of
species extinctions. Just before the Clovis people arrived, the American
wilderness was abundant with big mammals: mammoths, mastodons, giant
ground sloths, giant beavers, saber-toothed cats, camels, horses. By about
9000 B.C., shortly after the Clovis people’s arrival, all these species became
extinct. Within the span of a few centuries, North America lost 73 percent
of its genera of large mammals, South America about 80 percent.

What happened to all these animals? Beginning with the works of
American geoscientist Paul Martin in 1973, many scientists have argued
that the Clovis people hunted these species to extinction. Never having seen
humans, the animals would not have feared them, and the humans would
have had no reason to hold back. The arrival of the first Americans may
well have been marked by an environmental disaster as great as any other
in human history.
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—7000
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—-6500

The spear thrower and harpoon are invented. THCH

Huts built from mammoth bones and maps drawn on bone appear
in Mezhirich in eastern Europe. T™HEH

Humans begin making their own fires. Previously they had relied
on “found” fires, which they carefully carried and maintained. See
also 500,000 B.c. TECH

Dogs, descendants of the Asian wolf, are domesticated in Irag. ®si0
Herding begins with the domestication of goats in Iran. s10

By this time the ancestors of Native Americans have crossed the
land bridge from Siberia to Alaska, entering the Western

' Hemisphere, though some archaeologists place the first crossing as

early as 33,000 B.C. RARTH

Mass extinctions of large animals in North and South America may
be caused by the intrusion of human hunters, the ancestors of

Native Americans. BlO
Agriculture is invented in northern Irag with the farming of wheat
and barley. BiO
Potatoes and beans are cultivated in Peru, rice in Indochina. (17

Polynesians in the East Indies and Australia begin to spread out
over the islands of the South Pacific. EARTH

The first cities appear in Iraq and other sites in the Near East, in-
cluding Jericho in Palestine. THCH

In Mesopotamia (modern Iraq), clay tokens are used to tally ship-
ments of grain and animals. This system will be the basis for the
first system of numeration and writing. See 3500 B.C. THCH

Sheep are domesticated in Iran. )

From 7000 to 6000 B.c. the pig and the water buffalo are domesti-
cated in China and East Asia, the chicken in South Asia. B0

New forms of wheat are cultivated in Syria and Turkey. Sugarcane is
cultivated in New Guinea. Flax is grown in Southwest Asia. In

Mexico, maize, squash, peppers, and beans are grown. o
Mortar is used with sun-dried brick in Jericho. TECH
Clay pottery is made in Turkey and the Near East. See also 6000 B.C.

TECH
Woven cloth is invented in Anatolia, now Turkey. TECH

Trepanning, the drilling of a hole in the skull as a treatment for
head injuries, is practiced in Europe and Asia. In some regions it
will continue through the Middle Ages and even into the beginning
of the twentieth century. PSYCH




-6400

A BORING PROCEDURE

ong before modern brain surgery there was trepanation, the re-

moval of bone by boring a small hole in the human skull. In Russia,

Europe, and the Near East, trepanation was practiced as long ago
as the Neolithic period, or New Stone Age (9000-6000 B.c.). In some places
it was common as recently as the Middle Ages. Trepanned skulls have even
been found associated with the Inca civilization (thirteenth to sixteenth cen-
turies A.D.) of Peru.

Trepanation may have been done sometimes as a religious ritual, but in
many cases it appears to have been a medical treatment for a blow to the
cranium and the resulting hematoma, or swelling filled with blood. Cranial
drilling was intended to cure head injuries by allowing evil spirits to escape
JSrom the heads of the possessed. As late as the nineteenth century, trepan-
ning was used to treat migraine headaches and epilepsy.

The procedure varied by place and time, with more than a dozen possi-
ble methods of scraping and grooving the skull to remove bone without
damaging the underlying dura, a fibrous membrane that protects the brain.
The Incas were trained to anaesthetize the patient with herbs and nerve
pressure, and there is evidence that some cultures successfully used primi-
tive antibiotics to stave off infection.

THE TYTIMELINE BOOK OF SCIENC!

-6400 Cattle are domesticated in Turkey, probably from the long-horned wild
ox called the auroch, or uru. Aurochs will become extinct in 1627, mo
-6000 Modern-style wheat for bread is grown in Southwest Asia. Citrus
fruit is domesticated in Indochina. B0
-6000 The first pottery is used for food preparation and consumption. See
also 7000 B.C. TEcH
-5000 The llama and alpaca are domesticated in Peru. )
-5000 Irrigation is invented in Iraq. THCH
-5000 Nuggets of metal, including gold, silver, and copper are used as or-
naments and for trade. YEcH
—4200 Egyptians invent the first known calendar with a 365-day year bro-
ken into twelve thirty-day months plus five days of festivals. it will
be the basis for the Roman and modern Gregorian calendars. The
date of invention is uncertain and may be as late as 2700 B.C. asrmo
—-4000 The horse is domesticated in Ukraine. The first known horse riders
are the UKrainian Sredny Stog culture. o
—4000 The first sail-propelled boats appear. TECH

4
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The Egyptians mine and smelt copper ores. THCH
Bricks are fired in Kilns in Iraq. THCH

Bronze, an alloy of 90 percent copper and 10 percent tin, is invent-
ed in the Middle East. Harder and more versatile than copper, this
new metal ushers in the Bronze Age, the age of the Trojan War,

Gilgamesh, and the Exodus. See also 1400 B.C., Iron Age. TECH
Wine and beer are developed by Sumerians in western Iran.  vaen
The Egyptians use papyrus boats to travel on the Nile. TECH
The plow is introduced in Sumeria. TiCH

The Sumerians develop cuneiform, the earliest known form of writ-
ing. This system, based on pictograms wedged into clay tablets,
grows out of the earlier use of clay tokens. See also 8000 B.C.  vueH

Between now and 2500 B.C., speakers of proto-Indo-European be-
gin to spread across a vast region from western Europe to central
Asia. The homeland of this nomadic horse culture may have been
the steppes of Ukraine and Russia. Their language will give rise to
the Indo-European languages, including the branches called
Germanic (English, German), Italic (Latin, French), Slavic (Russian),
Indo-Iranian (Sanskrit), Baltic (Lithuanian), Celtic (Gaelic), and
Greek, Albanian, Armenian, and Anatolian (Hittite). soc

THE LAST OF THE WINE

he earliest inventions—fire, bows and arrows, wheeled carts—are
the most difficult to place in time. New excavations and methods
of analysis can overthrow the hoariest of received opinions on

who invented what when. A case in point is the first manufacture of wine.

For a long time, the earliest evidence of wine manufacture came from
Egypt from about 3000 B.c. Then, in 1991, Canadian graduate student
Virginia Badler made a new claim about a dirty fragment of pottery from a
Sumerian site in western Iran dating from about 3500 B.C. The interior of
the pottery, housed at the Royal Ontario Museum, was stained red. Some
archaeologists thought it was paint; Badler thought it was wine.

Chemists at the University of Pennsylvania put the issue to the test by
analyzing the reddish residue with infrared spectroscopy, a method that dis-
tinguishes chemicals by the wavelengths of light they absorb. They found
that the residue was rich in tannic acid, an organic substance found almost
without exception in grapes. Badler was proven right and the date for the
invention of wine was pushed back five hundred years.




-3300
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n North America, about 2700 B.C., a bristlecone pine began growing in

the White Mountains of what is now California. That tree, now known

as Methuselah, is still alive, making it the oldest-known living tree, at
about 4,700 years of age. Bristlecone pines are believed to have a potential
lifespan of 5,500 years and are rivaled in longevity only by the giant se-
quoias, which may live to 6,000. If no one cuts it down, Methuselah may
still be alive in the twenty-eighth century A.D.

METHUSELAH’S BIRTHDAY

-3300

-3100
-3000
-3000
-3000
-3000
-2980

~2900

-2900

—2850

-2700

—2600

—2600

The wheel is invented in Sumeria (southern Irag). It is put to use in

hauling carts and making pottery. TECH
The Egyptians invent an early form of hieroglyphics. TECH
Hieroglyphic numerals are used in Egypt. MATH
The candle is introduced in Egypt and Crete. THCH
Cotton fabric is woven in India. THCH
Dyes for cloth are in use in China and Egypt. TECH

Imhotep, an Egyptian physician, architect, and counselor to King
Zoser, flourishes between now and 2950 B.c. Often called the
world’s first scientist, he writes the first known medical manuscript
and designs the step pyramid, or Pyramid of Zoser, the world’s first
large stone structure. misc

The Sumerians develop symbols for syllables, a key step in the evo-
lution of writing. THCH

Egyptian pharaoh Cheops or Khufu supervises the building of the
Great Pyramid of Giza. TECH

Egyptian pharaoh Chefren or Khafra orders the building of the
Great Sphinx at Giza. TECH

According to legend, Chinese emperor Shen Nung investigates and
experiments with herbs and acupuncture. The Pen Tsao (The Herbal)
is later attributed to him; he will be considered the founder of
Chinese medicine. ) mzD

In the first recorded seagoing voyage, Egyptians searching for

cedarwood sail to Byblos in Phoenicia. RARTH
According to legend, silk manufacture begins in China. TECH
6



THE TIMELINE BOOK OF SCIENCE -2595
-2595

-2500

-2500
-2500

-2500

-2400

-2300
—2296

Stonehenge, England. (Great Britain Ministry of Works)

Legendary Chinese emperor Huang-ti lives. The medical text Nei
Ching, later attributed to him, claims there are four steps to devel-
oping a medical diagnosis: observation, auscultation (listening to
sounds that arise within organs), interrogation, and palpation
(touching)—i.e., look, listen, ask, and feel. M

The construction of Stonehenge begins in southwestern England,
near Salisbury, and is completed about 1700 B.C. The monument,
with its concentric circles of stones, ditches, and holes, serves both
religious and astronomical purposes. Some stones are aligned with
the rising and setting of the sun and moon at the summer and win-
ter solstices. " asmo

Glass ornaments appear in Egypt. TECH

During the next few centuries the Sumerians develop a system of
standard weights and measures, including such units as the shekel,
the mina, the log, the homer, the cubit, and the foot. THCH

The oldest written story, the Sumerian Epic of Gilgamesh, may have
first appeared in written form around this time. TECH

Divination, the interpretation of omens perceived in natural phenom-
ena, is used for medical purposes in Mesopotamia. The body organs

of sacrificed animals are thought to reveal a patient’s fate. M
Maps of lands and cities appear in Mesopotamia. THECH
The Chinese record the first known sighting of a comet. AsTRO
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-1700

-1700
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-1600

-1500-

1000 B.C.
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The Park of Intelligence is founded as China’s first zoo. o
The Babylonians develop positional notation based on the number
60. MATH
Horsedrawn battle chariots and metal riding bits are invented in the
Near East. THCH
The palace of Minos in Crete has light and air shafts and interior
bathrooms with their own water supply. THCH
Using wooden ships, the Minoans of Crete becore the world’s first
sea pOWer. THCH
The Babylonians discover the Pythagorean theorem more than one
thousand years before Pythagoras (c. 530 B.C.). MaTH
Babylonian astronomers begin to compile records of celestial obser-
vations, including star catalogs. ASTRO
The Babylonians develop multiplication tables. MATH
Leavened bread is invented in Egypt. THcH

Mesopotamian physicians are ruled by the Code of Hammurabi,
which includes the earliest known system of medical ethics. Mmsp

Rye is cultivated by eastern Europeans, whose growing season is
not long enough to generate wheat. o

The Sumerians develop squares and square roots, cubes and cube
roots, and quadratic equations. They also calculate an approximate

value for pi. MATH
Egyptian mathematicians develop a system of geometry, a ciphered
numeral system, and tables of values for fractions. MATH
The Babylonians use windmills for irrigation. THCH
Egyptians use castor oil as a laxative. MmEp

Egyptian medical remedies and procedures are documented in pa-
pyrus manuscripts, especially those discovered in modern times by
Edwin Smith and George Ebers (see 1872). Topics include arthritis,
hookworm infection, and surgery for head injuries. MED

The Phoenicians, or Canaanites, invent the world’s first purely
phonetic alphabet, based on symbols for sounds, not things or
syllables. This alphabet is the ancestor of all modern Western al-
phabets. THCH

The ancient Hindus derive reserpine, the first modern sedative-anti-
hypertensive, from the root of the Rauwolfia serpentina plant.
Hindus also become the first to perform successful skin grafting
and plastic surgery of the nose. M

The Egyptians use the shadow cast by a gnomon, a vertical stick, to
tell time. THCH
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-1500

~1470

—1400s

-1400

—1400

-1350

-1300

-1200

-1200

-1200
-1200

-1000

—-1000

—-1000

—-1000
—-800

-800

-763
=750

The Chinese under the Shang dynasty (c. 1523~c. 1027 B.C.) devel-
op a system of writing. THCH

The Aegean volcanic island of Thera (Santorini) explodes. The ashes
and tidal wave bring an end to the powerful Minoan civilization of
Crete, permitting the rise of the Mycenaean Greeks and the
Phoenicians. EARTH

The shadow of the Needle of Cleopatra in Heliopolis, Egypt, is used
to estimate the solstices, seasons, and time of day. ASTRO

Using oared ships and guided by the stars, the Phoenicians learn to
navigate in the open sea. THCH

The Hittites of Asia Minor (now Turkey) develop a practical method
for smelting iron, ushering in the Iron Age. Bronze (see 3600 B.C.) is
gradually replaced as the dominant metal. The revolution reaches
Europe by 1000 B.C. TECH

The Chinese develop decimal numerals. MATH
The Chinese devise a working calendar by this time, if not earlier. asyro

The dye known as Tyrian purple is invented by the Phoenicians.
Obtained from a Mediterranean snail, it will be a favorite of the rich

and powerful throughout antiquity. THCH
The Egyptians dig the first of several canals from the Nile River to
the Red Sea. TECH
Linen is woven from flax stalks in Egypt. THCH

The Olmec civilization of Mesoamerica (Mexico and Central
America) raises pyramids and massive stone monuments. TECH

The Chinese develop the counting board, the forerunner of the
abacus. MATH

Between now and c. 900 B.C., Aesculapius, the Greek (later Roman)
god of medicine, becomes known as a deity. Aesculapian cults build

temples where the sick congregate to be healed. M
The Chinese burn coal for fuel. THCH
The Chinese store ice to use for refrigeration. TECH

Egyptian physicians give drugs, along with magic spells, to heal the
sick. The association between cause and effect is noticed, the basis
of empirical medicine. MED

By now, Egyptians are using sundials with six time divisions to tell
time. The sundial is introduced in Greece by the sixth century B.C. Taen

The Babylonians are the first to record a solar eclipse. asTRO

The arch is in use among the Etruscans in Italy. TECH
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The Chinese begin keeping records of comets, meteors, and mete-
orites. AsTRO

During the Chou dynasty (c. 1027 B.c.-256 B.C.), two doctrines
evolve to form the basis of Chinese medicine. One is the doctrine of
yin and yang, the two principles of masculinity, light, and heaven
(yang) and femininity, darkness, and earth (yin). The other is that of
the five elements or phases: metal, wood, water, fire, and earth. It
is believed that humans require equilibrium among the two princi-
ples and five elements to remain in good health. mED

The Assyrians introduce the aqueduct. THCH

The reign of Ashurbanipal, king of Assyria, begins (ends 627 B.c.).
He establishes a library in his capital at Nineveh, which is destroyed
C. 612 B.C. misc

The Lydians of Asia Minor introduce the first standard coinage. rsen

Thales of Miletus, a Greek philosopher, astronomer, and mathemati-
cian, is born in present-day Turkey (d. 547 B.C.). Among other things,
he will theorize correctly that solar eclipses are the result of the
moon’s passing in front of the sun. See also May 28, 585 B.C. misc

The Japanese practice massage and acupuncture, adopted from the
Chinese as healing therapies. map

The Zapotecs of Mesoamerica invent a system of hieroglyphics, the
earliest known writing in the Americas. vocH

A solar eclipse, predicted by Greek mathematician Thales of
Miletus, occurs during a battle between the Lydians and Medes. The
warring parties take it as an omen and make peace. AsTRO

Thales develops deductive geometry. The Theorem of Thales, that
an angle inscribed in a semicircle is a right angle, is attributed to
him, though he may have learned it from the Babylonians. MATH

Thales studies magnetism. PHYS

Thales theorizes that water is the fundamental element of which all
other substances are made. CHEM

The diluvial doctrine, a theory proposing that the earth’s surface
was transformed by great floods, begins to develop and spread. The
concept can be traced to the early Greek thinkers Xenophanes and
Anaximander. Diluvialism will flourish in the seventeenth and eigh-
teenth centuries A.D. EARTH

Greek philosopher and astronomer Anaximander dies. During his
career, he introduced the idea of evolution, claiming that life begins
in marshy slime conditions and slowly evolves onto drier areas. mo
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Greek philosopher and astronomer Anaximander dies. During his
career, he introduced the idea of evolution, claiming that life begins
in marshy slime conditions and slowly evolves onto drier areas. sio

Greek philosopher and mathematician Pythagoras argues that the
earth is a sphere and that the sun, moon, stars, and five visible
planets (Mercury, Venus, Mars, Jupiter, Saturn) revolve around the
earth in eight concentric spheres, rotating independently. The fric-
tion between the spheres generates harmonious, virtually inaudible
sounds called the music of the spheres. ASTRO

Pythagoras is the first Greek to learn that the morning star and
evening star are the same object. He names this planet Aphrodite,
after the goddess of love known by the Romans as Venus, hence
the planet’s modern name. ASTRO

Pythagoras proves ihe so-called Pythagorean Theorem, that the
square of the hypotenuse of a right triangle is equal to the sum of the
squares of the other two sides. See 1900 B.C., the Babylonians. mam

The idea that the brain is the center of higher activity will be credit-
ed to Pythagoras. MED

Greek traveler Hecataeus draws the first recognizable map of the
Mediterranean world. EARTH

Hanno of Carthage navigates down the west African coast and de-
scribes, among other things, the gorilla. sio

Phoenician navigators are believed to have reached the Atlantic
Ocean, sailing as far as Cornwall, England, to the north, where they
established tin mines, and circumnavigating Africa to the south. zamm

By now the abacus, the first significant calculating device, is known
in Egypt. MATH

The work known as the Sulvasutras (“Rules of the Cord”) summa-
rizes Indian geometry. MATH

Chinese philosopher Confucius is one of the first to discuss human
nature and how it can be modified. PSYCH

The sundial is in use in Greece. See 800 B.C., Egypt. THCH

The Greek Alcmaeon becomes the first known physician to dissect
human bodies. Because of objections to human dissection, anato-
my studies will decline until the works of Mondino De’Luzzi in
1316. MED

11
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Greek physician Hippocrates is born on Cos (an island off Turkey,
known later as Kos). He will set medicine free of the shackles of
philosophy and religion by being the first to record case histories,
practice bedside observations, and provide physicians with moral
inspiration and ethical standards. The Hippocratic oath, adminis-
tered to new physicians, will become the best known of the
Hippocratic writings, but its original authorship will remain un-
certain. mup

The Greek philosopher Leucippus epitomizes the study of rational-
ism by stating that every event has a natural cause, ruling out su-
pernatural intervention as an explanation. misc

Greek philosopher Democritus theorizes that the Milky Way is
made up of many stars, that matter is composed of invisible parti-
cles called atoms, and that the moon is similar to the earth. misc

Greek philosopher Empedocles of Acragas (Agrigentum) speculates
that the world is made up of four elements: earth, air, water, and
fire. See also 350 B.C., Aristotle. cHEm

Greek natural philosopher and mathematician Anaxagoras dies. The
author of On Nature, he is imprisoned for suggesting that the sun is
a big, hot stone rather than a deity and that the moon is an inhabit-
ed body that borrows light from the sun. AsTRO

12
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Greek mathematician Hippias introduces the first curve beyond the
circle and the straight line, the trisectrix or quadratrix. MATH

Greek mathematicians discover incommensurable line segments. mam

Greek physician Hippocrates believes, incorrectly, that only women
suffer hysteria, claiming it is caused by a “wandering uterus.” He
does present accurate descriptions of mania, phobias, paranoia,
and melancholia. PSYCH

Greek mathematician Theaetetus is born (d. 369 B.c.). He will study
the five regular solids and develop the theorem that there are five—
and only five—regular polyhedra. MATM

Greek philosopher Eudoxus of Cnidus is born {d. 355 B.C.). He will
develop a model of celestial motion involving a complex combina-
tion of rotating spheres. He will also establish the geometric theory
of irrational numbers. MATH
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“Yo do mothing Is sometimes a good remedy.”—Hippocrates,

-400
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Greok physician; ¢c. 400 B.c.
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By now the Babylonians have established the zodiac circle, the
band in the sky that includes the apparent paths of the sun, moon,
and planets. Horoscopes become available describing the presumed
influence of the sun, moon, and planets given their position in the
zodiac at the time of one’s birth. AsTRO

Philolaus, a member of the Pythagorean school, argues that the
earth, sun, moon, planets, and stars are all in motion around a “cen-
tral fire.” This is the earliest known theory of a moving earth. asmo

In Chaldea, horoscopes become available based on the planets’ posi-
tions in the constellations of the zodiac at the time of one’s birth. Asyme

By now the Greeks have formulated three famous problems that will
puzzle mathematicians for centuries: squaring the circle, duplicating
the cube (see 360 B.C., Menaechmus) and trisecting the angle. By the
nineteenth century it will be shown that the three problems are un-
solvable using the straightedge and compass alone. MATH

Greek philosopher Democritus argues that objects in the external world
radiate beams that induce perceptions in the human mind. PuYS

Greeks working for Dionysius of Syracuse, Sicily, invent the cata-
pult, the first artillery weapon. TREOH

Greek astronomer Heracleides is born in Pontus, now part of Turkey
(d. c. 320 B.C.). He will be the first to argue that Venus and Mercury
orbit the sun. AsTRo
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=387 Plato founds the Academy in Athens, often considered the world’s
first university. misc

L T T T e T R Ty

“To be acceptable as scientific knowledge a truth
must be a deduction from other truths.”—Aristotle,
Greek philosopher; fourth century B.c.

L T T T T R R R R )

~384 Greek philosopher Aristotle is born (d. 322 B.C.). After studying un-
der Plato, he will write on logic, ethics, poetics, rhetoric, meta-
physics, politics, and nature. His teachings on biology, medicine,
and the physical world will be transmitted to Europe, mainly
through Arab scholars, during the Middle Ages. These views will be
considered authoritative until the scientific revolution (c. 1550 to
1700) calls them into question. MisC

HOW DO YOU KNOW THE EARTH IS ROUND?

ost people today accept that the earth is round, but many

would be hard put to defend this claim. After all, as seen from

a casual stroll or even from an airplane, the earth looks flat.
Without resorting to pictures from space (which a conspiracy theorist
might reject as fake), how can you prove that the earth is round?

This question was answered more than two thousand years ago by the
Greek philosopher Aristotle (384-322 B.C.), who arqued that one can see the
earth’s shape clearly during a lunar eclipse. As the moon passes under the
earth’s shadow, the shape of the shadow is always round. This effect might
sometimes be produced by a flat disk, but not always. For example, the sun
would sometimes strike the disk edge on, producing a shadow in the shape
of a straight line. Only a sphere will always produce a round shadow.

For the unconvinced, Aristotle pointed out that travelers going north or
south saw new stars appear over the horizon ahead, while stars that had
been visible disappeared under the horizon in the rear. Ships going out to
sea disappeared hull first, whichever direction they took. These effects could
be explained only by a round earth.

As it turns out, the earth is not a perfect sphere but an oblate spheroid,
a sphere slightly flattened at its poles and slightly bulging at the equator.
English physicist Isaac Newton (1642-1727) showed that this effect would
result from the earth’s rotation. However, Aristotle’s conclusion, still rough-
ly correct, has been held by educated people ever since.

14
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~372 Greek botanist Theophrastus is born (d. c. 287 B.c.). He studies un-
der Plato and Aristotle, carrying on the tradition of biology and con-
centrating on the plant world. He will be considered the founder of

botany. i si0
-370 Between now and 350 B.c., Diocles of Carystos writes the first
Greek herbal. MED
~360 Greek mathematician Eudoxus of Cnidus introduces a new theory

of proportion: a definition of equal ratios that deals with the prob-

lem of comparing ratios of incommensurable magnitudes. He also

develops the axiom of continuity that serves as the basis for the

method of exhaustion. MATH

-360 Greek mathematician Menaechmus discovers conic sections, the

curves later known as the ellipse, parabola, and hyperbola. He uses

conics to provide a solution to the problem of duplicating the cube.

See c. 400 B.C. MATH
“For ourselves, we may take as a basic assumption, clear
from a survey of particvlar cases, that natural things are

some or all of them subject to change.”—Aristotle,
Greek philosopher; fourth contury B.c.

L R

=360 Greek mathematician Dinostratus uses the trisectrix or quadratrix
of Hippias (see c. 420 B.C., Hippias) to provide a solution to the
problem of squaring the circle (see c. 400 B.C.). MATH
-352 The Chinese report the first recorded supernova. ASTRO
-350 Chinese astronomer Shin Shen prepares a star catalog with about
eight hundred entries. ASTRO
=350 Aristotle classifies animals. He will be considered the founder of
classical biology and zoology. B0
-350 In De caelo (On the Heavens), Aristotle defines chemical elements
as constituents of bodies that cannot be broken down into other
parts. cHIM
-350 Aristotle theorizes that the universe is arranged in concentric shells

with the earth dominating at the center, then water, air, and fire. A
fifth shell, the site of the heavenly bodies, is unchanging and incor-
ruptible, composed of a fifth element, ether. EARTH

~-350 Aristotle writes on disease, comparative anatomy, embryology, and
psychology. His approach to disease is grounded in the theory of
four humors (blood, phlegm, yellow bile, and black bile), four quali-
ties (hot, dry, moist, and wet), and four elements (earth, fire, air,
and water). Despite evidence to the contrary, Aristotle’s ideas will
dominate medicine for centuries. MED
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THE APPIAN WAY

he world’s first all-weather road system was built to facilitate

modern warfare. Following their defeat in the Samnite Wars, par-

ticularly their humiliation at the Battle of the Caudine Forks along
the rocky Apennines in 321 B.C., the Roman military began to develop more
effective attack formations and better transportation routes through uneven
terrain. The formation, the legion, allowed troops to scatter when facing
troublesome roads, then reunite easily when conditions improved. The im-
proved transportation route was the Via Appia, or Appian Way.

The Roman censor Appius Claudius Caecus ordered construction of the
Appian Way, a paved road uniting Rome and Capua, to be usable by troops
in all weather. Begun in 312 B.C., the road was built of multiple layers of
durable materials, the top layer composed of a mixture of concrete, rubble,
and stones set in mortar. The road was instrumental in facilitating Roman
victory in future wars with the Samnites.

Equally important was the Appian Way's various political uses. It was cru-
cial to building commercial interests and sustaining cultural links with and po-
litical control over the provinces. Over time, several roads were built to link
Rome with other cities and colonies, including the Via Flaminia (Flaminian
Way), which headed north to link Italy with the Latin colony of Ariminum. In
all, the Roman road system covered more than fifty thousand miles and

crossed through thirty countries. Only remnants of the roads still exist.

-350

=350

-340

-335

-330

In his Organon Aristotle systematically outlines the rules of logic. mise

Aristotle claims that memory is based on three principles of asso-
ciation: similarity, contrast, and contiguity. He argues that arousing
violent emotions through drama has a cathartic effect on human
audiences, allowing viewers to purge themselves of aggressive im-
pulses. PSYCH

Greek physicist Strato is born (d. 270 B.C.). Like Aristotle, he will de-
tect the acceleration of falling bodies but state incorrectly that heavi-
er bodies fall faster than lighter ones. PHYS

Aristotle founds the university called the Lyceum in Athens. His lec-
tures there will be collected into about 150 volumes, fifty of which
will survive to modern times. misc

Athenian female physician Agnodike challenges a law prohibiting
women from practicing medicine on other women. As a result of her
successful efforts at assisting women in childbirth, the law is changed
and Athenian women are allowed to practice medicine. MID
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The Greek philosopher Theophrastus writes the first systematic
book on botany, describing over five hundred plant species. BlO

Mathematicians Aristaeus and Euclid write on conics, the curves
formed by a plane intersecting a cone. MATH

Theophrastus of Eresus writes Peri Lithon (On Stone), which catalogs
the mineral substances then found in Athenian trade. This short
treatise is the first known geology text. EARTH

The Roman consul Appius Claudius begins building the Appian
Way, which will stretch 132 miles from Rome to Capua and later be
extended to Brundisium (Brindisi). Initially covered by gravel and
later by stone, it will be the best road yet built. TICH

By now the Babylonians have developed a symbol for zero. MATH

Greek adventurer Pytheas sails into the Atlantic, voyaging as far as
Scandinavia and the Baltic Sea. En route he observes and describes
tides, a phenomenon little known in the Mediterranean. EARTH

Euclid, a Greek in Alexandria, Egypt, writes his Elements, a textbook
summarizing and systematizing Greek mathematics, including plane
and solid geometry and the theory of numbers. It will be accepted in
the West as a basic reference until the modern age. MATH

A classic work of Chinese mathematics, the Chou pei suan ching, is
written. MATH

Chinese mathematicians use a system of “rod” symbols for numer-
als (sometimes written, sometimes represented by physical rods) to
carry out calculations of large numbers. MATH

The third century B.C. is a golden age of Greek mathematics, due
largely to the work of Euclid, Apollonius of Perga, and Archimedes

at Alexandria, Egypt. MATH
Indian mathematicians develop the Brahmi numerals, a decimal
system of numeration without a place-value notation. MATH
Alexandria’s Greek school of medicine is founded. mEp

Ptolemy I, ruler of Egypt, founds the university in Alexandria called
the Museum. Its library will be the largest yet known. misc

Greek physician Praxagoras distinguishes between veins and arter-
ies. The name arteries is derived from this physician’s mistaken be-
lief that arteries carry air. MEp

Greek scientist, mathematician, and inventor Archimedes is born
(d. 212 B.c.). He will discover the law of specific gravity and study
the mathematics of the lever. Among his inventions will be the
Archimedean screw, a device to lift water and loose materials such
as sand. misc
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Greek anatomist Herophilus divides nerves into sensory and motor,
names the first section of the small bowel the duodenum, and
names the prostate gland. After studying the function of the arter-
ies and veins, Herophilus advocates bloodletting, which will be used
as a therapeutic for more than two thousand years. mip

The Colossus of Rhodes, a 105-foot-high statue of the sun god, is
completed. TECH

Sostratus of Cnidus builds a 300-foot lighthouse on Pharos near
Alexandria, Egypt. Projecting light from a series of concave mirrors,
it will become one of the seven wonders of the ancient world. raen

C o )

“Give me a firm spot on which to stand, and 1 will
move the earth.”—Greek mathematician and inventor
Archimedes on the lever, one of his principal areas

of research; third century B.c.

L Y

Greek scientist Ctesibius invents a popular new version of the an-
cient water clock, a device that tells time according to the steady
accumulation of water in a chamber. THCH

Greek mathematician and scientist Archimedes calculates the value
of pi. MATH

The Roman numeral system is at an advanced stage. It will survive
in Europe until the Middle Ages, when it will be gradually replaced
by Arabic numerals. See 1202, Fibonacci. MATH

While sitting in a public bath Archimedes discovers the law of specif-
ic gravity now known as Archimedes’ principle: a body dropped into
a fluid displaces a volume of fluid equal to its own volume. PHYS

Greek scientist Archimedes works out the mathematics of the
lever. THCH

The Chui-chang suan-shu (Nine Chapters on the Mathematical Art) is
among the most influential Chinese books of mathematics. It con-
tains more than two hundred problems on engineering, surveying,
calculation, agriculture, and right triangles as well as solutions to
problems in simultaneous linear equations using positive and nega-
tive numbers. MATH

From now until 48 B.C., the Alexandrian medical school enjoys
its greatest prominence. It is the only center in the ancient world
where human dissection is regularly practiced for scientific
Mmip

reasons.
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The Chinese book Mo Ching, written by followers of the philosopher
Mo-tzu, contains a statement of the first law of motion that will be
stated in 1687 by Isaac Newton in his Principia: a body continues
in a state of rest or in uniform motion unless acted upon by outside
forces. PHYS

Chinese astronomers make the first known observation of Halley’s
Comet. See 1705, Halley. ASTRO

Eratosthenes of Cyrene, librarian at Alexandria, Egypt, correctly cal-
culates the diameter of the earth as about 8,000 miles and the cir-
cumference as about 25,000 miles. See also 1684, Picard. EARTH

Greek mathematician Apollonius of Perga, known in antiquity as
the Great Geometer, publishes his Conics, which makes several im-
portant advances in the study of these curves. MATH

The Great Wall of China is begun by Emperor Shih Huang Ti,
founder of the Ch’in dynasty. It will eventually extend 1,500 miles
from the Pacific Ocean to central Asia. THCH

Greek astronomer Aristarchus of Samos is the first person known to
argue that the earth revolves around the sun. He also proposes that
day and night are caused by the earth’s rotation and makes esti-
mates of the sun’s distance and size that are several orders of mag-
nitude too small. See also 1650, Wendelin. ASTRO

The Greeks invent the astrolabe, a device for measuring the posi-
tions of heavenly bodies. AsTRO

Scholars working for Eumenes Il of Pergamum, in Asia Minor, in-
vent parchment, a writing material made from hides. It will com-
pete effectively with the more ancient writing vehicle, papyrus. Tacn

The Chinese make the first recorded observations of sunspots. asme

Greek astronomer Hipparchus of Nicaea correctly calculates the dis-
tance of the moon from the earth as about 240,000 miles. ASTRO

Chinese philosopher Han Ying makes the first known reference to
the hexagonal structure of snowflakes. CHEM

Hipparchus compiles the first trigonometric table. His table of chords
helps to introduce the systematic use of the 360° circle. MATH

The Romans become the first to employ water power to mill flour. Taen

Hipparchus compiles a star catalog and discovers changes in the
equinoxes caused by the wobbling of the earth as it rotates. He ar-
gues that the earth is motionless at the center of the universe, a
view that will dominate European thinking until the time of
Copernicus. See 1543, Copernicus. See also 140, Ptolemy. AsTRO
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Hipparchus invents a system of magnitude for measuring the
brightness of stars, the basis for the modern system. See also 1856,
Pogson. ASTRO

Greek astronomer Posidonius of Apamea erroneously calculates
that the earth’s circumference is 18,000 miles. This value will be
accepted as true through the Middle Ages, while the correct val-
ue (deduced by Eratosthenes in 240 B.C.) will be forgotten. samm

Chinese mathematicians use negative numbers. MarH
In Syria the process of glassblowing is invented. TECH

The Roman physician Asclepiades opposes the theory of humors
put forth by Hippocrates. Asclepiades teaches that the body is com-
posed of disconnected atoms, separated by pores, and orderly mo-

* tion of the atoms must be maintained. He attempts to cure disease

through exercise, bathing, and varying the diet. This theory is re-
vived in different forms far into the eighteenth century. MED

A primitive system of shorthand is developed by former slave
Marcus Tullius Tiro. THCH

In the poem On the Nature of Things, the Roman philosopher
Lucretius speculates, as had Democritus (see 440 B.C.), that matter
is made of atoms. PHYS

Chinese astronomer Ken Shou-ch’ang builds a stellar observation
device called an armillary ring, which consists of a metal circle rep-
resenting the equator. AsTRO

Mayan written records begin in Mesoamerica. Though writing in
the New World did not begin with the Maya (see 600 B.C., the
Zapotecs), they were to give it its greatest refinement, using a mix
of ideographic and phonetic elements. The Maya classic period will
last from A.D. 250 to 900. TECH

Following the advice of Greek astronomer Sosigenes, Julius Caesar
institutes the Julian calendar, a reform of the Roman calendar
based on estimates that the year is 365'% days rather than 365
days. This calendar alternates three regular years of 365 days with
one leap year of 366 days. With the reforms proclaimed by Pope
Gregory XIII in 1582, this calendar will become the basis for the
one now in use throughout most of the world. See October 15,
1582. AsTRO

In May and June, Roman and Chinese observers report a red comet
visible in daylight. Many Romans believe it to be the departed spirit
of Julius Caesar, exalted to divine status after his assassination on
March 15. The red color is probably due to dust in the air from re-
cent eruptions of Mount Etna in Sicily. AsTRO
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From March to May, Mount Etna in Sicily undergoes a series of
eruptions. Volcanic dust darkens the skies. Three years of crop fail-
ures are reported by the Chinese. BARTH

The Tower of Winds in Athens is built by Andronikos of Kyrrhestes.
Its timekeeping device combines a water clock and eight solar
clocks. THCH

From now until 1638, Chinese astronomers keep continuous
records of sunspot activity. AsTRO

The Roman Pantheon, an early domed building, is begun this year. Taen

A.D.

Greek historian and philosopher Strabo summarizes the geographi-
cal knowledge of his day in Geographia. EARTH

In De situ orbis (“A Description of the World”), Roman geographer
Pomponius Mela divides the earth into the climatic zones: North
Frigid, North Temperate, Torrid (equatorial), South Temperate, and
South Frigid. EARTH

Roman philosopher Seneca speculates that there is change and im-
perfection beyond the moon, contrary to prevailing belief in the un-
changing heavens. AsTRO

Roman poet Lucius Junius Moderatus Columella suggests that grain
and legume crops be rotated and fields be “dunged” to preserve the
earth’s fertility. Previously Romans have used a mixture of blood
and bone as fertilizer. BiO

Roman encyclopedist Aulus Cornelius Celsus writes the first orga-
nized medical history, which describes the four cardinal symptoms
of inflammation: redness, swelling, heat, and pain. MED

Greek engineer Hero, or Heron, of Alexandria invents a primitive
steam engine, but it is never put to productive use. TECH

Greek physician Pedanius Dioscorides compiles the first systematic
pharmacopeia. This famous herbal, De materia medica, describes
more than five hundred plants and thirty-five animal products.
Ninety of the plants he mentions will still be in use in the twentieth
century. See also 1544. MED

Roman natural philosopher Pliny the Elder publishes Natural
History, a thirty-seven-volume work on zoology, botany, astronomy,
and geography. It will become as famous for its errors as for the
facts it propagates throughout the Middle Ages. Bio
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70 In China the religion of Buddhism (imported from India, where it
was founded in the sixth century B.C.), introduces faith healing,
hypnotism, autosuggestion, and meditation arts as components of

medical practice. MED
75 Greek mathematician Hero, or Heron, of Alexandria publishes the
Metrica, in which he demonstrates Heron’s formula for the area of
a triangle. MATH
79 Mount Vesuvius erupts near Naples, burying the towns of Pompeii

and Herculaneum. The buried towns, rediscovered fifteen centuries
later, in 1592, will serve as a spur to early archaeologists. See also

1592. ARCH
90 In Rome, multiple aqueducts provide 250 gallons of water per day
to the citizenry. THCH
100s The Chinese note that a magnetic sliver, allowed to turn freely, al-
ways points north~-south. See also 1180, Neckam. PHYS

THE ERUPTION OF MOUNT VESUVIUS
August 24, 79

eanwhile on Mount Vesuvius broad sheets of fire and leaping
flames blazed at several points, their bright glare emphasized
by the darkness of night....

They [his uncle’s household] debated whether to stay indoors or take their
chance in the open, for the buildings were now shaking with violent shocks,
and seemed to be swaying to and fro as if they were torn from their founda-
tions. Outside, on the other hand, there was the danger of falling pumice
stones, even though these were light and porous....

We also saw the sea sucked away and apparently forced back by the earth-
quake; at any rate it receded from the shore so that quantities of sea crea-
tures were left stranded on dry sand....

At last the darkness thinned and dispersed like smoke or cloud; then there
was genuine daylight, and the sun actually shone out, but yellowish as it is
during an eclipse. We were terrified to see everything changed, buried deep
in ashes like snowdrifts.

—Eyewitness impressions of the disaster that destroyed the
towns of Pompeii and Herculaneum, from Pliny the Younger, in
Letters (translated by Betty Radice, 1969)
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In China it is discovered that dried chrysanthemum flowers can kill
insects. The Chinese proceed to develop a powder from these flow-
ers and invent the first insecticide. si0

A female alchemist known as Mary the Jewess, living in the first or
second century, invents or at least elaborates such types of chemi-
cal apparatus as a three-armed still, a hot-ash bath, the water bath
later named the bain-marie in her honor, and the dung bed. Her
writings combine practical techniques, mystical imagery, and theo-
retical ideas. CHEM

Alexandrian mathematician Menelaus writes on spherical geometry
in his Spherics. MATH

Mathematician Nicomachus of Gerasa, near Jerusalem, writes the
Introductio arithmeticae, which uses mathematics in the service of
neoplatonic philosophy. MATH

Indian physician Charaka presents ethical standards to be ‘required
of those caring for the sick, including purity, cleverness, kindness,
good behavior, and competence in cooking. M

Chinese inventor Tsai Lun devises paper, a writing surface that can
be produced cheaply from wood, rags, or other substances contain-
ing cellulose (as opposed to papyrus, made from an Egyptian reed,
or parchment, made from hides). It will not reach Europe until
1320. TECH

In central Asia, traders from China meet to barter Chinese silk and
spices with Roman traders of gems, precious metals, glassware,
pottery, and wine. misc

Between now and 138, Greek physician Soranus of Ephesus serves
as a respected authority on gynecology, obstetrics, and infant dis-
eases. His treatise on pediatrics contains the earliest description of
rickets. MID

Hadrian’s Wall is built in Britain to defend against northern tribes-
men, including the Picts. The wall, built mainly of stone, runs sev-
enty-two miles, from the Tyne to the Solway. TECH

Zhang Heng of China refines the armillary ring, first introduced in
52 B.C. and used for observing the stars. AsTRO

Between now and 145, during the Shun Ti reign, the Taoist religious
leader Chang Tao-ling composes a guide to charms and incantations
for curing disease. Mmip

Imported wheat from Egypt and North Africa lowers grain prices
and decreases the number of Roman farmers, who cannot compete
with foreign prices. Blo
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In the Megalé syntaxis tés astronomias, later known as The
Almagest, the Alexandrian astronomer, geographer, and mathemati-
cian Claudius Ptolemaeus (Ptolemy) synthesizes the geocentric
Ptolemaic system that will dominate Western cosmology until the
Copernican revolution of 1543. In Ptolemy’s system all the heaven-
ly bodies revolve around a fixed earth. It will come to western
Europe by way of Arabic translation in 827. ASTRO

Ptolemy introduces the concept of epicycles, hypothetical small cir-
cles on which each planet moves. Epicycles were used to account
for apparent anomalies in planetary motion that were not correctly
explained until Kepler’s works in 1609. ASTRO

Ptolemy’s Almagest includes a table of chords and writings on
trigonometry. MATH

S Es e E0EEEseE0E000EsEtestseEENsRRNRERRERREIRIRIRES

“Every animal is sad affer coltus except the

human female and the rooster.”—~Clavdivs Galen,
Greek physician and scholar; second century A.D.

L R R R R R R ]

Greek physician and anatomist Claudius Galen dissects animals, ap-
plying the results (sometimes mistakenly) to humans. He shows the
importance of the spinal cord, uses the pulse as a diagnostic tool,
and describes the flow of urine to the bladder. He also describes
respiration and proves that the arteries carry blood, but he incor-
rectly explains the passage of blood through the heart. Right and
wrong, his pronouncements will carry medical authority for the
next seventeen centuries. mED

Galen establishes the doctrine of vitalism, which claims that a force
that is neither chemical nor mechanical is responsible for the
processes of life. He specifically identifies animal spirits in the
brain, vital spirits in the heart, and natural spirits in the liver. ~ msp

The first known alchemy manuscripts appear in Egypt. cHEM
The Chinese observe a supernova in the constellation Centaurus
that remains visible for twenty months. AsTRO
The Chinese calculate pi to five decimal places: 3.14159. MATH

Greek mathematician Diophantus devises solutions to problems
that represent the beginnings of algebra. His problems include ones
that must be solved with whole numbers, known as Diophantine
equations. MATH

The Mayan classic period begins in Mesoamerica (Mexico and
Central America). Lasting until 900, the classic Maya civilization will
make great advances in agriculture, astronomy, mathematics, writ-
ing, and architecture. misc
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“Scourges, pestllence, famine, earthquakes, and wars
are fo be regarded as blessings, since they serve fo prune
away the luxuriant growth of the human race.”—Quintus

29,

Septimius Florens Tertvilianus (Tertullian),
Carthaginian churchman; A.p. 195

L T T

In China, Wu dynasty alchemists manufacture gunpowder by com-
bining sulfur and saltpeter. THCH

The Coptic calendar is introduced in Egypt and Ethiopia. TECH

Zosimos of Panopolis, Egypt, writes a summary of alchemy.  cuam

During their classic period, the Mayans use sweat baths for medici-
nal purposes. © mED

Integrated pest management begins in China when Hsi Han records
how to use specific types of ants to control other insect pests at-
tacking mandarin oranges. BIO

The Chinese invent an early form of printing using blocks of raised,
reversed symbols smeared with ink. THCH

Roman matron St. Fabiola is influential in the founding of the first
general public hospital in western Europe. MED

Alexandrian philosophers coin the term chemistry to denote the
process of change in material substances. cHEm

Indian texts called the Siddhantas contain the first trigonometric use
of half-chords, the predecessor of the modern sine function.  mam

Indian physician Susruta describes plastic surgery operations for
earlobe deformity, skin grafting, and rhinoplasty (nasal recon-
struction). D

The Chinese invent the wheelbarrow. TECH

Rye, oats, and spelt (wheat for animal feed) are brought to Europe
by such invaders as the Alans, Sciri, and Vandals. (10

Alexandrian mathematician Proclus is born (d. 485). He will pre-
serve information on Greek mathematics before Euclid, particularly
in his summary of the lost work of Eudemus, History of Geometry
(c. 335B.C.). MATH

St. Patrick spreads Christianity throughout Ireland. By 795 Irish
monks, following the path of the navigator St. Brendan, are be-
lieved to have reached Iceland. EARTH
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Sept. 4,476 The last Roman emperor, Romulus Augustulus, is deposed by the

499

500
529

529

537

552

560

595

600

600

Goths under Odoacer. This date traditionally marks the end of the
western Roman empire and of classical antiquity, with its heritage
of art and learning. The Middle Ages that follow in Europe are con-
sidered to last roughly until the mid-fifteenth century, when the
Renaissance (fifteenth through seventeenth centuries) will revive
and extend classical art, scholarship, and science. See May 30,
1453, Constantinople. misc

Indian mathematician Aryabhata writes the Aryabhatiya, a summa-
ry of astronomical and mathematical knowledge. Among other
things, he recalculates the Ptolemaic measurements of celestial mo-
tion and suggests that the earth rotates. ASTRO

Polynesians begin settling the islands of Hawaii. EARTH

St. Benedict founds the monastic order of Benedictines, under
whom care of the sick becomes a part of monastery life. The era is
marked by the belief that saints and miracles can heal the sick and
dying. MID

Byzantine emperor Justinian closes the Academy and the Lyceum,
two universities in Athens, founded respectively by Plato in 387 B.C.
and Aristotle in 335 B.c. The closing is motivated by the Christian
church’s distrust of pagan learning. misc

The church of Hagia Sophia in Constantinople takes full advantage
of the art of dome design, with a large dome placed on a square
support and pierced with many windows. TECH

Sitkworms are smuggled from the Far East at the order of Byzantine
emperor Justinian, thus introducing silk production to
Constantinople. Bio

Eutocius’s commentaries on Archimedes and Apollonius preserve
many of their mathematical ideas. MATH

Hindu numerals make their first appearance on a plate where the
date 346 is written in decimal-place value notation. At this time the
Hindu system includes only nine numerals—the tenth, the zero, will
not appear until later (see 876). Hindu numerals will be adopted by
the Arabs and later by the West. See 820, Muhammad ibn
al-Khwarizmi. MATH

Chinese mathematicians Zu Chong-zhi and his son Zu Geng-shi cal-
culate pi to seven decimal places. MATH

Eastern and northern European agricultural production improves
with the refinement by the Slavs of the coulter (a blade that cuts
vertically into the ground in advance of the plowshare) and mold-
board plow. TECH
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NUMERAL ENVY

n 529 the Byzantine emperor Justinian closed the philosophical

schools of Athens, including the Academy, founded by Plato some nine

centuries earlier, in 387 B.c. Now regarded as an archetypal victory of
ignorance over knowledge, this move was made to defend the state religion,
Christianity, from what was then perceived as pagan influences.

Some of the Academy’s scholars moved to Syria, where they founded
centers of Greek learning. However, they regarded their new home as an
academic backwater and expressed disdain for the level of knowledge of
non-Greeks. On hearing of this, Syrian bishop Severus Sebokht was moved,
writing in 662, to let the Greeks know that “there are also others who
know something.” Noting that the Hindus in particular had made great ad-
vances in astronomy and mathematics, Sebokht praised their “valuable
methods of calculation, and their computing that surpasses description. I
wish only to say that this computation is done by means of nine signs.”
This is now considered the first explicit mention anywhere of the Hindu
numeral system, based on ten but at the time still lacking the zero. This
system would later (c. 820) be adopted by the Arabs and still later by the
entire Western world.

Thus, the first mention of Hindu numerals was an indirect result of
Justinian’s distaste for Greek learning and the Greeks’ distaste for every-

one else’s.
602 Priests from Korea introduce the Chinese calendar and astronomy
to Japan. ASTRO
620 Indian mathematician Brahmagupta uses negative numbers. His
Brahma-sphuta-siddhanta treats trigonometry, algebra, and mensu-
ration. MATH

Sept. 20, The Arab prophet Muhammad (c. 570-632), founder of the religion
622 of Islam, flees from his native city of Mecca to Medina. Muslims will
date their calendars from this event, called the Hegira, or flight.
After his death, Muhammad’s followers will establish an Arab em-
pire stretching from Spain, North Africa, and the Middle East to
central Asia. In the following centuries the Arabs will sponsor a re-
vival of science and learning that will greatly influence European

civilization. MISC
628 Sugar is introduced to Constantinople by soldiers returning through
India from fighting in Persia (Iran). TECH
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The Chinese observe that a comet’s tail always points away from
the sun. See also 1540, Peter Apian. ASTRO

The Arabs conquer Alexandria, Egypt, the ancient site of Hellenistic
learning. Although they destroy its museum and library, the Arabs
will preserve, translate, and extend the scientific and mathematical
knowledge of the Greeks. misc

Syrian bishop Severus Sebokht makes the earliest specific reference
to Hindu numerals. See 595 for their earliest occurrence. MATH

Callinicus, an alchemist in Constantinople, invents Greek fire, a
chemical mixture (perhaps naphtha, potassium nitrate, and calcium
oxide) that burns on water and is useful in naval battles. TECH

The first sundial in England is erected in Newcastle. ASTRO

Independently from the Hindus, the Maya of Mesoamerica (Mexico
and Central America) have developed a system of positional nota-
tion based on twenty and using zero as a place holder. With this
system they are able to calculate enormous numbers. MATH

The Chinese invent porcelain, a form of pottery that eventually
reaches Europe under the popular name china. TECH

Windmills are invented in Persia (Iran). The Crusaders will bring the
idea to Europe in the twelfth century. THCH

By now the Arabs have introduced spices from Indonesia to the
Mediterranean world. This commercially successful innovation will
one day provide an incentive to European explorers seeking easy
access to the East. Misc

Safer than local water and said by some to have medicinal powers,
tea becomes a commercially popular drink in China, though it has
been known there since prehistoric times. It will come to Europe in
the seventeenth century. TECH

Arab alchemist Jabir ibn Hayyan, or Geber, is born (d. c. 815). He
will draw on ancient Greek alchemy to try to turn base metals into
gold and discover the elixir of life or a panacea, a substance that
can cure any disease. In the course of these fruitless efforts he will
make important discoveries in chemistry, including aluminum chlo-
ride, acetic acid, nitric acid, and white lead. CHEM

Geber distills acetic acid from vinegar to create the first pure acid
known. : CHEM

After learning papermaking techniques from Chinese prisoners,
Muslim engineers construct the first paper mill in Muslim territory. A
Chinese-influenced paper mill will open in Baghdad, Iraq, in 793. Tscu
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820

827

836

850

850

Three-field crop rotation, which allows land to be productive for two
out of three years, is first mentioned in European texts. It will later
be popularized by Carolingian king Charlemagne. BIO

Hindu works on mathematics are translated into Arabic as the
Arabs begin to synthesize, then extend the discoveries of Greek and
Indian mathematicians. MATH

Iron horseshoes come into widespread use in Europe. TRCH

Arab mathematician Muhammad ibn al-Khwarizmi is born in
Khwarizm, now Uzbekistan (d. 850). His translated works will intro-
duce Hindu-Arabic notation to Europe. His name, al-Khwarizmi, is
the source of the modern word algorithm. MATH

Chinese mathematicians solve equations with the method of finite
differences. MATH

French ecclesiastic St. Bernard forbids Cistercian monks from
studying medical books, declaring that prayer is the only remedy
allowed to treat the sick. MED

Persians elevate the professional standards of their physicians by
requiring examinations before licensing. MmED

Islamic translator Hunayn ibn Ishaq is born (d. 873). He will trans-
late many volumes of Greek natural science, including works by
Plato, Aristotle, Hippocrates, and Galen. misc

Having borrowed Hindu numerals (now known as Arabic numerals)
from India, Muhammad ibn al-Khwarizmi outlines rules for comput-
ing with these numerals. In Al-jabr wa’l mugabalah, known as Algebra
in Europe, he features these numerals and the system of positional
notation, in which the symbol for zero serves as a place marker. This
work also shows how to solve all equations of the first and second de-
gree with positive roots. See also 1202, Fibonacci. MATH

Ptolemy’s synthesis of Greek astronomy, Megalé syntaxis t€s as-
tronomias (c. 140), is translated into Arabic as Al magiste, or The
Greatest. It becomes known to history as The Almagest. ASTRO

Arab mathematician Thabit ibn Qurra is born in Haran, now Turkey
(d. 901). He will translate Greek works into Arabic and work on
solving the problem of Euclid’s fifth postulate. MATH

The astrolabe, used for astronomical observations, is refined by
Arab scientists. ASTRO

The Arabs begin drinking coffee, a beverage that will not spread to
Europe until hundreds of years later. misc
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n 1454, German printer Johannes Gutenberyg founded the modern pub-

lishing industry when he set the Latin Bible in lead-alloy movable type

and printed it on a wood printing press. But Gutenberg was not the first
to invent printing or movable type. The first experimenters with the printing
process were the Sumerians, who cut into cylindrical stones symbols repre-
senting a signature, and pressed the image into clay that was then baked. The
technique of reversed characters being inked onto paper was first developed
by the Chinese, who engraved images onto wood blocks as early as the eighth
century; the first such book, The Diamond Sutra, was printed in 868. By the
eleventh century, both Chinese and Korean printers were using clay, wood,
bronze, and iron to develop movable type. The Chinese printer Pi Sheng was a
leader in the field of setting individual ideograms in clay type.

BEFORE GUTENBERG

858

863

868

870

874

876
880
880

Arabian astronomer Abd-'Abd Allah Muhammad ibn Jabir ibn Sinan
al Battani (Albatemius) is born in Haran, Turkey (d. 929). He will re-
fine Ptolemy’s system, introduce trigonometry as an astronomical
tool, recalculate the length of the year, and improve measurements
of the precession of the equinoxes. ASTRO

The Cyrillic alphabet is developed by Macedonian missionary Cyril
and his brother Methodius. Eventually it is used by Russian and var-
ious other peoples. TRCH

The first printed book, The Diamond Sutra, is manufactured in
China. THCH

A Viking named Ottar sails more than one hundred miles north of
the Arctic Circle to become the first human known to cross the

Arctic Circle by sea. BARTH
A Viking named Ingolfur Arnarson lands in Iceland, leading to the
first permanent settlement there. EARTH
The symbol for zero appears in India. MATH

Arab alchemists and physicians distill wine to produce alcohol. cunm

Persian physician and alchemist Ar-Razi, or Rhazes, uses what will
be called plaster of Paris to form cast material for holding broken
bones in place. Later he will be the first to give authentic descrip-
tions of smallpox and measles. He will also divide all substances
into animal, vegetable, or mineral. His Greco-Arabic medical ency-
clopedia, Continens, translated into Latin in 1279, will be a major
source of therapeutic knowledge for three centuries. L)

30



THE TIMELINE BOOK OF SCIENCE 9200

900 The horse collar is in use in Europe. This innovation completes the
transformation of the horse into a powerful farm animal, allowing
for still greater food production in northern Europe. See also the

600 invention of the moldboard plow. THCH
900 The classic Mayan civilization (begun c. 250) collapses. Mmisc
940 With the Dunhuang star map Chinese astronomers invent a map-
projection technique of the kind later called the Mercator projec-
tion. See 1568. AsTRO
980 Persian physician Avicenna is born (d. 1037). His medical writings

will be considered some of the most important textbooks in med-
ical education from the twelfth to the seventeenth centuries. msD

982 Icelander Erik Thorvaldson, or Erik the Red, discovers Greenland. A
Viking colony is begun there in 986. See also 1576. BARTH
1000 The Maoris, a Polynesian people, colonize New Zealand. Within a

few hundred years they will exterminate most of the island’s
unique animal species, including the large flightless birds called
moas. EARTH

1000 By now the Malagasy people, originally from Indonesia, have colo-
nized the island of Madagascar off eastern Africa. They exterminate
much of that island’s unique fauna, including gorilla-sized lemurs
and flightless elephant birds. EARTH

1000 A Viking named Bjarne Herjulfson becomes the first European to
see the Americas when he sails west past Greenland to
Newfoundland, Canada. Two years later, Leif Eriksson will travel
there to found the short-lived colony of Vinland. EARTH

1000 Eskimos arrive at Greenland, and competition begins to develop be-
tween their group and the Vikings. In 1415 the Viking colony will
end and Greenland will be left to the Eskimos. EARTH

1000 By this time Polynesians have traversed 14 million square kilome-
ters (5.6 million square miles) of ocean and occupy a triangle from
New Zealand north to Hawaii and east to Easter Island. EARTH

1000 In China the pivoting needle on a magnetic compass is discovered
and becomes an important aid to navigators. By 1100 this knowl-
edge is picked up by Arab traders through contacts with the
Indonesian islands. EARTH

1000 Persian or other Asian travelers introduce the concept of the seven-
day week to the Chinese. Before this, ten-day weeks were common
in China. ) TRCH

1000 The Bridge of the Ten Thousand Acres in Foochow, China, is con-
structed. THCH
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A bright “guest star” or supernova, visible for a number of years, is
observed in China, Japan, various Islamic lands, and Europe. asmo

Arab astronomer ibn Yunus compiles two centuries of observations
in The Large Astronomical Tables of al-Hakim, used by future Arab
astronomers. ASTRO

Arab physicist Abd 'Ali al-Hasan ibn al-Haytham (Alhayen) is one of
the first scientists to study optics. He analyzes lenses, develops par-
abolic mirrors, and theorizes that vision is the result of light falling
on the eye, not light emanating from the eye, as had been previous-
ly thought. PHYS

As acupuncture becomes more systematic, China’s reigning emper-
or requests that copper models of the human body be made to il-
lustrate the principles of this form of medical therapy. mep

Movable type of Chinese ideograms, fashioned from clay blocks, is
used in China by printer Pi Sheng. THCH

Arab poet, scientist, and mathematician Omar Khayyam is born
(d. 1123). His Algebra will go beyond al-Khwarizmi’s (see 820) to in-
clude equations of the third degree. MATH

The crossbow, the first mechanized hand weapon, is introduced
into France. It uses a device such as a two-handed crank to in-
crease the tension of the bow and therefore the force of the bolt
Or arrow. THCH

More efficient iron plows are used in northern Europe instead of
wooden plows. TECH

Chinese, Japanese, and Arab astronomers report a supernova that
remains visible for twenty-two months. Its residue now forms the
Crab Nebula. AsTRO

Jewish rabbi, physician, and philosopher Moses Maimonides be-
comes known for his medical teachings. In the twentieth century
the invocation known as the Prayer of Maimonides will be used at
some medical school graduation ceremonies. MED

During William the Conqueror’s invasion of England, the bright
phenomenon now called Halley’s Comet is sighted. ASTRO

To prohibit international development of its invention of gunpow-
der, China outlaws the exportation of sulfur and saltpeter. TECH

Forks as eating utensils are introduced to Venice and western
Europe from the Byzantine Empire, but they are slow to gain gener-
al acceptance. TRCH

The Arab astronomer Arzachel theorizes correctly that the orbits of
planets are elliptical, not circular. ASTRO
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c. 1100

e

Persian miniature of an Arab scientist using
early navigational instruments. (Topkapi
Museum, Istanbul)

The magnetized compass is popularized by Shen Cha, an official
working with the Chinese water systems. TECH

Latin translators such as Adelard of Bath, Michael Scot, and
Gerard of Cremona introduce Arabic works on astronomy and
mathematics to medieval Europe. These works, based ultimately
on ancient Greek learning, eventually become the foundation of
European science. Mmisc

The Chinese demonstrate the cause of solar and lunar eclipses. asmmo

Arab physician Ibn Zuhr (Avenzoar) is the first to describe the par-
asite, an itch mite, causing the highly contagious skin disease sca-
bies. MID

A history of science by Arab writer Abu’l Fath al-Chuzini includes
tables of specific densities and observations on gravity. PHYS
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1120 The use of latitude and longitude measurements, in degrees, min-
utes, and seconds, is introduced by an Anglo-Saxon scientist known
as Welcher of Malvern. TECH

1137 The Abbey of St. Denis near Paris, designed by Abbé Suger, be-

comes the first major building to make use of flying buttresses, a
system of architectural support that permits the building of gigantic
cathedrals. The new architecture is known as Gothic. TECH

“The dull mind rises to truth through that which
is material.”—Abbé Suger, architect and bullder of the
Abbey of St. Denis, the first important example of
Gothic architecture; opened in 1137

LR T R SRR R )

1142 Adelard of Bath translates Euclid’s Elements into Latin. MATH
1148 Soldiers returning from the Crusades in the Middle East introduce

sugar to Europe. TECH
c. 1159 Between now and 1173, Benjamin of Tudela travels east through

Islamic lands, keeping a written account of his journey. Though he
is the first western European to do so, his status as a Jew prevents

his account from being influential in the Christian world. EARTH
1175 Gerard of Cremona, ltaly, translates Ptolemy’s astronomical com-
pendium The Almagest into Latin, along with other Greek and Arab
works. , AsTRO
1176 In England, rabbits are introduced as local livestock. B0
1180 English scholar Alexander Neckam is the first European to note that

a magnetic needle always points north-south (see also China,
100s). Three centuries later, this discovery contributes to the navi-

gation feats of the age of exploration. PHYS
1180 In England, glass windows are used in houses. THCH
1184 The cathedral at Sens, France, becomes one of the earliest exam-
ples of Gothic architecture and technology. It is designed by archi-
tect William of Sens. See also 1137, St. Denis. THCH
1189 In France, the first paper mill in Christian Europe is opened. See
also 1276 and 1494. THCH
1193 Indigo is imported from India for use in dyeing fabrics. TECH
c. 1194 Viking explorers reach Spitzberg, 450 kilometers north of the Arctic
Circle. This is the farthest north the Vikings go. BARTH
1200s Coal, known as a fuel in China since 1000 B.C., is mined in England
by early in this century. See 1233, Newcastle. THCH
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c. 1200

1202

c. 1220

c. 1220

1225

1233

1237

1240

C. 1245-
1247

1249

1249

c. 1250

c. 1250
1250

1259
c. 1260
1264

Medical instruction becomes more theoretical and scholarly,
spreading to medical schools at Montpellier, Paris, Oxford, and
Bologna. MED

Italian mathematician Leonardo Fibonacci publishes his Book of the
Abacus, which introduces Arabic numerals and positional notation
to Europe, though these are not fully adopted for three hundred

years. See 820, al-Khwarizmi. MATH
Scottish naturalist Michael Scot translates Aristotle’s classifications
of animals into Latin. Bi0
Jordanus Nemorarius publishes Mechanica, describing a law of the
lever and the law of the composition of movements. PHYS
Cotton is first manufactured in Spain. TRCH

Coal is first mined in Newcastle, England. The mine is so successful
that it generates the phrase “carrying coals to Newcastle,” connot-
ing an unnecessary activity. YECH

Chinese physician Chen Tzu-ning publishes his Fu Jen Liang Fang,
the first Asian monograph on the diseases of women. mED

European shipbuilders construct vessels with rudders, an innova-
tion borrowed from the Arabs. ' TECH

Franciscan friar Giovanni da Pian del Carpini leads a conversion
mission into Mongol lands. His account of these travels, Liber
tartarorum, becomes the first opportunity for Westerners to read an
accurate description of central Asia. BARTH

English scholar Roger Bacon notes that lenses can be used for im-
proving eyesight. Eyeglasses appear in China and Europe at about
the same time; it is not clear where they were invented first.  toen

Gunpowder, developed in China, is mentioned for the first time in
European writings by scientist Roger Bacon. THCH

German scientist Albertus Magnus introduces Aristotle’s ideas on
botany and biology to Europe. His De vegetabilibus classifies plants
and vegetables and describes the function and structure of various

plant parts. »io
Albertus Magnus discovers the element arsenic. cHam
Crusaders returning to Europe from Arab lands help spread accep-
tance of Arabic numbering and decimal systems. MmarH
Construction begins on an observatory at Maragha, Iran. AsTmo
An observatory is built at Beijing, China. AsTRO

Bakers’ marks, the forerunner to trademarks, are used for the first
time in England. Through them bakers identify their wares with in-
dividualized icons slashed into the bread. TECH
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During the Kamakura period (1185-1333), Japanese swordsmiths
reach their technical apex. Their tachi (slashing swords) are sharp
enough to behead an enemy with one stroke. TECH

L T R Yy

“It seems wonderful to everyone that sometimes stones
are found that have figures of animals inside and outside....
Avicenna says that the cause of this is that animals, just
as they are, are sometimes changed info stones.”

1267

1269

1269

1269
c. 1270

1270

1272

c. 1276

1276
c. 1280

1288
1289
c. 1290

—Albertvs Magnus, German theologian and
scholar, on fossils; thirteenth century

L T T Y

The Council of Venice forbids Jews to practice medicine among
Christians. MED

William of Moerbeke translates the major scientific and mathemati-
cal treatises of Archimedes into Latin. MATH

French scholar Pelerin de Maricourt (Petrus Peregrinus) performs
early experiments with magnets, describing magnetic poles and re-
fining the use of a magnet as a compass. TECH

Tolls are charged on some roads in England. Misc

The Polish scientist known as Witelo writes a book on optics called
Perspectiva, which became part of a work that was the most influ-
ential treatise on optics until the seventeenth century. PHYS

British physician and chemist Roger Bacon researches optics and
refraction, the bending of a light ray as it passes from one medium
into another. See 1249, eyeglasses. PHYS

The Alphonsine tables, planetary charts whose compilation was or-
dered in 1250 by Alphonso X of Castile, are completed. They will
remain in use until the 1500s. ASTRO

Italian scientist Giles of Rome writes a treatise, De formatione cor-
poris humani in utero, on the development of the human fetus. It in-
cludes a discussion of the timing of the soul’s entry into the fetus
and the biological importance of each of the two parents. Bio
Papermaking begins in Italy, in the city of Montefano. TECH
Arab physician Alquarashi is the first to identify the pulmonary
transit of blood, from the right to the left ventricle via the lungs. msp
The first known gun, a small cannon, is made in China. THCH
Block printing is used for the first time in Europe. TRCH

French surgeon Henri de Mondeville advises doctors to cleanse
wounds and let them dry without salves or wine-soaked dressings.
He also recommends applying pressure to stop bleeding and advo-
cates the use of sutures. MED
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In Venice, glassmakers learn to produce clear glass (only colored
glass has been available since glass ornaments first appeared in
Egypt about 2500 B.C.). The colorless glass will make modern mir-
rors and windowpanes possible. TECH

A new type of vessel, the great galley, is developed in Venice. These
long, shallow boats are driven by multiple rows of oarsmen and can
carry a great deal of cargo. TECH

French physician Lanfranchi becomes the first to describe a brain
concussion and the symptoms of a skull fracture. MED

Venetian merchant Marco Polo publishes Divisament dou monde, de-
scribing his travels (1275-1295) in China. The book will inspire fu-
ture explorers. ' BARTH

Mechanical clocks, driven by the force of gravity on weights, are in-
vented in Europe. THCH

The False Geber, an anonymous alchemist writing under the name
Geber, discovers sulfuric acid, the most powerful acid yet known. cuem

and a workable decolorization process had yet to be invented.

WHEN GLASS LOST ITS COLOR

or thousands of years after sand was fired into glass objects in the
Near East around 2500 B.c., this now commonly clear material
was usually produced only in color. Impurities lent color to glass,

By the end of the thirteenth century, the technique of adding clarifying
substances to make glass clear was perfected in Venice, which had become,
and to this day remains, a world center for exquisite glass production. One
way Venetian glass manufacturers retained their monopoly on certain
glassmaking processes was to move in 1291 to an isolated island where ma-
terials were hoarded, techniques kept secret, and penalties assessed on tres-
passers and talkative employees.

To infuse glass with color, impurities can still be useful. Here are some
common compounds added to glass to produce popular colors:

Blue Cobalt and copper
Bottle Green ~ Oxidized iron
Brown Iron and sulfur
Purple Chromates

Red Copper or selenium
Ruby Gold

37




1300
1300

1303

1304

1312

1316

1320

1328

1333

Aug. 26,
1346

c. 1348

c. 1350

c. 1360

1370
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Spanish alchemist Arnau de Villanova distills alcohol for the first
time, producing brandy from wine. THCH

Chinese mathematician Chu-Shi-kié (Chu Shih-chieh) writes the
Precious Mirror of the Four Elements, which marks the apex of
Chinese algebra. It contains simultaneous equations, equations of
degrees up to fourteen, the Horner transformation method, and the
arithmetic triangle later called the Pascal triangle. MATH

Theodoric of Freibourg, Germany, accurately explains several as-
pects of the formation of rainbows. PHYS

Europeans reach the Canary Islands off Morocco for the first
time. . EARTH

Italian anatomist Mondino De’Luzzi writes the first book in history
devoted entirely to anatomy. MED

Paper, a Chinese invention (see 105), reaches Europe, largely replac-
ing vellum, a parchment made from the skins of animals such as
the calf or lamb. THCH

English philosopher and mathematician Thomas Bradwardine pub-
lishes his Tractatus de proportionibus, in which he broadens the the-
ory of proportions and proposes an alternative to Aristotle’s (incor-
rect) law of motion. MATH

In Venice the first botanical garden since antiquity is established. mio

English king Edward III uses longbows and cannons loaded with
gunpowder at the battle of Crécy, France. The longbows are more
important to Edward’s victory, but gunpowder is the weapon of the
future. TECH

Bubonic plague, called the black death, begins to sweep Europe af-
ter devastating Asia and North Africa. A large part of the Old
World’s population will die from the plague.

French philosopher Jean Buridan proposes the concept of impetus,
which is similar to the later concept of inertia as articulated in
Newton'’s first law of motion (see September 1687, Newton).  puvs

French mathematician Nicole d’Oresme generalizes Thomas
Bradwardine’s theory of proportions (see 1328), suggests notations
for fractional powers, argues that irrational powers are possible, and
develops the graphic representation of functions known as the lati-
tude of forms. MATH

John of Arderne, the earliest known English surgeon, writes exten-
sively on modern surgery, the use of irrigation (cleansing by flush-
ing with water), and the repair of anal fistulas. Mmip
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1391 English writer Geoffrey Chaucer’s Treatise on the Astrolabe explains
how to construct and use this instrument for measuring the posi-
tion of stars. ASTRO

1400s Coffee, which originated in Ethiopia, begins to gain popularity as a
beverage in Arab countries. It will reach most of Europe by the mid-
seventeenth century. TECH

Protective clothing used by doctors and others who visited plague houses (1720
engraving). (Germanisches National Museum, Nuremburg)
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BLAMING THE JEWS

ubonic plague, known in medieval times as the black death, is

known today to be caused by the bacterium Yersinia pestis, a mi-

crobe transmitted to humans by the bite of fleas from infected
hosts, especially rats. However, in the mid-fourteenth century, when the
black death moved like a wave across Central Asia, the Middle East, North
Africa, and Europe, its cause was a mystery. Its sufferers experienced chills,
high fever, vomiting, diarrhea, and the formation of buboes, or painful in-
Sflammations of lymph nodes, most commonly in the groin. Black hemor-
rhages might form and the disease turn into pneumonic plague, in which
the patient’s lungs became infected, leading swiftly to death. The pneumon-
ic form was particularly contagious, transmitted from one person to anoth-
er by water droplets in the air.

Unchecked by medical knowledge, this lethal epidemic decimated the
population. Sufferers grappled for a way to explain its destruction. Many
Christians, considering it divine punishment for moral wrongdoing, turned
to prayer and acts of penance. Others took a course as virulent as the dis-
ease itself: blaming the Jews.

In communities throughout Provence, Catalonia, Aragon, Switzerland,
southern Germany, and the Rhineland, Jews were accused of poisoning
Christian water sources. Violence erupted against Jews. In some areas, gov-
ernments resisted the clamor for retribution, but others abetted the Christian
protests. Hundreds of Jewish communities were destroyed. Jews in western
Europe were burned, tortured, imprisoned, ahd exiled in numbers large
enough to shift the center of European Jewry permanently eastward.

c. 1400 Italian architect Filippo Brunelleschi begins the first archaeological
digs in Rome. ARCH
1400 English monks Johann Sprenger and Heinrich Kraemer publish The

Witches’ Hammer, claiming in it that witches are devil possessed and
should be killed. Although this book has a long, influential history in
Europe, by the twentieth century researchers will theorize that most

“possessed” people in the 1400s were in fact mentally ill. PSYCH
c. 1402 Emperor Yung-lo of China encourages overseas conquest. Admiral
Cheng-ho’s fleet sails as far west as the Red Sea, visiting Mecca and
Egypt as well as Indonesia, Malaya, and Sri Lanka. EARTH
1418 Prince Henry the Navigator of Portugal opens an observatory and

school for navigation at Sagres on Cape St. Vincent, Portugal. His goal
is to find a way around Africa to reach the trade riches of China. samm
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1418
1427

1428

1430s

1436

1439

1440

c. 1450

c. 1450

1450

1450

1451

c. 1452

May 30,
1453

1454

Portuguese navigators discover and claim Madeira. RARTH

The Portuguese navigator Diogo de Sevilha discovers the Azores, an
island chain more than seven hundred miles west of Portugal. zanrk

Mongol astronomer Ulligh Beg builds an observatory at Samarkand
featuring a quadrant, a device to measure stellar positions, that is
180 feet high. ASTRO

Ulaogh Beg publishes a new star map and tables of star positions,
improving on Ptolemy’s work. ASTRO

Italian artist Leon Battista Alberti writes on using mathematical
principles to achieve perspective in art. ‘ TECH

The military forces of French king Charles VII become the first to
make systematic use of gunpowder artillery. THCH

German scholar Nicholas of Cusa argues that space is infinite and
that the stars are suns, each with its own inhabited planets.  asmo

It is discovered that transporting soil up from the valleys in the
Andes mountains makes the higher regions arable. B1o

The idea of bodily humors remains central to European medicine
as the Middle Ages draw to a close. Purging, cupping, bloodletting,
and leeching are all in ordinary use to control the body’s balance of
blood, phlegm, yellow bile, and black bile. MED

The Dutch harquebus becomes the first firearm small enough to be
carried and fired by a single person. THCH

The Chinese are printing pages using movable wooden type, an in-
novation that will soon (see 1454) spread to Europe. THCH

Nicholas of Cusa, a German scholar, introduces the idea of using
concave lenses to amend nearsightedness. Previously, only convex
lenses for farsightedness were used. THCH

Between now and 1519, Leonardo da Vinci makes notes proposing
the marine origin of fossils. Knowing it would be thought heretical,
da Vinci does not publicly reveal this observation. EARTH

Constantinople falls to the Ottoman Turks, marking the end of the
Byzantine, or Eastern Roman, Empire and the traditional end of the
Middle Ages. The city will become known as Istanbul. Christian
scholars fleeing the Muslims help bring the knowledge of classical
learning to western Europe, contributing to the flourishing of arts,
letters, and sciences in the Renaissance (fifteenth to seventeenth
centuries). MISC

With a printing press of his own invention, using movable metal
type, Johannes Gutenberg of Mainz, Germany, prints three hundred
copies of the Bible in Latin. This first printed book is now called the
Gutenberg Bible. TECH
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1456
1457
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1470

1472
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1473

1473
1473

1474

1474

c. 1475

1476

1479

1481

1483

1487
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Sugar is made more widely available in England. TECH

The first medical publication printed, a calendar, advises physicians
as to when purging should be most therapeutic. MED

Prince Henry the Navigator dies (b. 1394). By this time Portuguese
explorers have sailed down the west coast of Africa as far as
present-day Gambia. EARTH

The mainspring, a spiral string whose gradual unwinding powers a
clock, is invented. THCH

German mathematician and astronomer Regiomontanus (Johann
Miiller) makes the first scientific study of the comet that will later
become known as Halley’s Comet (see December 25, 1758). asmmo

Astronomer Nicolaus Copernicus is born in Torun, Poland (d. 1543).
His De revolutionibus orbium coelestium (1543), proposing that the
earth and planets revolve around the sun, will revolutionize the field
of astronomy. ASTRO

The first medical dictionary is printed. mip

The atomic theory of Democritus becomes known to Western
scholars with the translation into Latin of Lucretius’s On the Nature
of Things (60 B.C.). PHYS

Regiomontanus publishes his Ephemerides astronomicae, a com-
pendium of celestial coordinates that will prove useful to navigators.
See February 29, 1504, Columbus. ASTRO

After 425 years under construction, Winchester Cathedral in
England is completed. : TECH

Aristotle’s Meteorologia and Ptolemy’s Geographia are translated
into Latin. BARTH

In Venice, Aristotle’s fourth-century B.c. work on animal structure,
function, reproduction, physiology, and development is published un-
der the title De animalibus. 1t is the first zoological compilation.  sto

The first book set from metal type in England is printed by William
Caxton: The Game and Playe of Chesse, a ‘Latin work translated into
French. TECH

German cleric Konrad von Megenberg’s Buch der Natur, the first
printed book to contain animal figures, is published. BIO

Greek botanist and philosopher Theophrastus (372-287 B.C.) is
posthumously honored when his treatise on botany De historia et
causis plantarum is published in Treviso. This work is considered
the earliest on scientific botany. Bio

Portuguese navigator Bartholomeu Dias discovers the southernmost

. tip of Africa, the Cape of Good Hope. EARTH
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1487

1490

1490

Oct. 12,
1492

1492

1492

Sept. 25,
1493

1493

1494

1494
c. 1497

1497

Nov. 22,
1497

John II of Portugal, Prince Henry the Navigator’s grand-nephew, or-
ganizes an expedition through the Mediterranean and the Red Sea
under the leadership of Pero de Covilhéo. EARTH

The Tabulae directionum of German mathematician and astronomer
Regiomontanus is published posthumously. In this work and De tri-
angulus, not published until 1533, Regiomontanus first organizes
trigonometry as a discipline, making numerous advances in the
field. He also applies algebraic methods to geometric problems. mars

Italian scientist and artist Leonardo da Vinci describes capillary ac-
tion, the rise of fluids in a small-diameter (capillary) tube. PHYS

Italian mariner Christopher Columbus (1451-1506), leading a fleet
of three ships from Spain, becomes the first European since the
Vikings (see 1000) to reach the Americas. Unlike the Vikings,
Columbus will open the Western Hemisphere to wholesale coloniza-
tion by Europe. EARTH

Italian mathematician Francesco Pellos introduces the decimal
point. MATH

Through the voyages of Christopher Columbus several foods, includ-
ing allspice, peppers, plantain, and pineapples, are made known to
Europe. TECH

Columbus’s second voyage sets sail from Cadiz, Spain. This 17-ship ex-
pedition will explore Dominica, Puerto Rico, Cuba, and Jamaica. aasm

A town crier is directed by Paris officials to order all those who have
the “greater pox” (syphilis) to leave the city—or be thrown into the
Seine. By 1496 syphilis will be epidemic in Europe. mED

Italian mathematician Luca Pacioli publishes his Summa de arith-
metica, geometria, proportioni et proportionalita. This highly influen-
tial work includes not only the first printed material on algebra but
also useful information on double-entry bookkeeping. MATH

The first English paper mill opens. TIcH

Italian navigator Amerigo Vespucci explores the coast of the conti-
nental area south of the islands discovered by Columbus. Vespucci
maintains that this land is not Asia but a “new world.” RARTH

Italian mariner Giovanni Caboto (John Cabot), sailing for the
English, reaches Newfoundland and Nova Scotia. He becomes the
first European since the Vikings (see 1000) to reach the mainland of
North America. BARTH

Portuguese navigator Vasco da Gama becomes the first European to
round the southernmost part of Africa, the Cape of Good Hope, and
reach Asia, arriving in India in 1498. SARTH
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May 1498

1500

c. 1500

1501

1501

May 9, 1502

1503

Feb. 29,
1504

1504

1506

1507
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Columbus departs from Spain on his third voyage, commanding a
fleet of six ships. After stopping at Trinidad, the fleet reaches the
Paria Peninsula on the coast of Venezuela on August 5, marking
Columbus’s first visit to the mainland of the Americas. BARTH

German engineer Ulrich Rulein von Kalbe writes Bergbuchlein, the
first known mining manual. BARTH

Italian painter and scientist Leonardo da Vinci dissects human
bodies and records his anatomical findings in accurate, detailed
drawings. MED

German botanist Leonhard Fuchs is born in Wemding, Bavaria
(d. 1566). Fuchsia, a genus of tropical shrubs and trees, will be
named for him, as will the color fuchsia after the purplish-red of the
shrub’s flowers. BIO

From now to 1587, a pandemic outbreak spreads through Europe
of a disease characterized by fever, headache, sweating, and a black
tongue. It is initially called Mobus Hungaricus (the Hungarian dis-
ease) but later will be regarded as an outbreak of typhus. MED

Columbus departs from Cadiz, Spain, on his fourth and final veyage
to the Americas. On this voyage, Columbus visits Santo Domingo,
the Cayman Islands, Jamaica, Cuba, and Honduras. He then sails
south along the coasts of Nicaragua and Costa Rica looking for a
sea passage to India but never finds one. After being marooned in
Jamaica for a year, he arrives back in Spain on November 7, 1504,
and dies two years later, on May 20, 1506. NARTH

The properties of rubber are noted for the first time by Europeans
during Columbus’s fourth voyage. This substance, made of latex
from the plant Hevea brasiliensis or Parthenium argentatus, first
came to the explorers’ attention in the form of a ball used in vari-
ous games by the native Americans. See 1615, rubber. THCH

Using German mathematician and astronomer Regiomontanus’s
Ephemerides astronomicae (1474), Columbus correctly predicts a to-
tal lunar eclipse, casting awe into the local Native Americans. asmo

German inventor Peter Henlein devises the first watch, a clock
small enough to fit in a pocket. THCH

The Laocgon sculpture (first century B.C.) is discovered near Santa
Maria Maggiore, Italy. It will influence Renaissance sculptors such as
Michelangelo. ARCH

The name America appears on a map for the first time. German
cartographer Martin Waldseemtller names the newly discovered
lands for Amerigo Vespucci, an Italian explorer reputed to have
been the first to recognize that these areas were not part of Asia.
See c. 1497. EARTH
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1510

1510

French barber and surgeon Ambroise Paré (d. 1590) is born near
Laval, Mayenne. He will be considered the father of modern surgery
for his common-sense treatments of injury and disease. At a time
when other surgeons are treating gunshot wounds with boiling oil,
Paré treats them with salves and cleanliness. And when colleagues
are cauterizing bleeding arteries—without anaesthesia—Paré learns
to tie off arteries to stop blood loss. mip

Scientist and artist Leonardo da Vinci designs a horizontal water
wheel, a forerunner of the water turbine. TECH

in 1965, reveal the Italian artist and thinker as a man who merged the
worlds of science and art to better understand the mechanics of life now
and the possibilities of technology.

his ability to intertwine the disciplines of the arts and sciences but to bal-
ance theoretical pursuits and the activity of practical tasks:

LEONARDO'’S SCIENCE

talian Renaissance artist Leonardo da Vinci is well known. Leonardo
the scientific investigator has been less well appreciated. Yet his note-
books, particularly the two previously unknown ones found in Madrid

A brief sampling of Leonardo’s scientific achievements shows not only

o [n 1494, while serving as artist and scientist to the court of Lodovico
Sforza in Milan (one year before completing the painting The Last
Supper), he devised plans to harness the waters qf the Arno River.

* As military engineer for Cesare Borgia in 1502-1503, Leonardo ex-
plored problems of swamp reclamation.

® While examining mathematical theory in Florence, he studied anatomy
at the city’s hospital of Santa Maria Nuova.

e During a time of great artistic achievement (his Mona Lisa was created
in 1503), he furthered his study of anatomy by analyzing the movements
of birds in flight and carrying out a variety of cadaver dissections that
culminated in a book of life drawings, Anatomy (1508, unpublished).

e While architect and engineer to French king Louis XII from 1506 to
1513, Leonardo also undertook scientific studies of botany, geology,
and hydraulic power.

His other areas of exploration included rock stratification, the making of

eyeglass lenses, and inquiries into flying machines. Whether theoretical,
artistic, or practical, Leonardo’s explorations were experiments in vision.
He believed that the key to understanding the world was saper vedere, “to
know how to see.”
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1512
1512

1513

Sept. 25,
1513

1513

1514

1514

1514

Dec. 31,
1514

1517

1517

Sept. 23,
1518

1519
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Hieronymus Brunschwygk publishes his Big Book (an expansion of
his Little Book of 1500), on chemical apparatus and techniques such
as stills, furnaces, and distillation. cm

Exploring Florida, Ponce de Ledn of Spain is the first European to reach
the portion of North America that is now the United States. RARTH

Traveling through Panama, Spanish explorer Vasco Nufiez de
Balboa becomes the first European to see the Pacific Ocean from
the Americas. BARTH

Orange and lemon trees are introduced to Florida by Spanish ex-
plorer Ponce de Ledn. ‘ THCH

Copernicus writes his first account of his heliocentric theory, that
the earth and the planets move around the sun. His writings circu-
late quietly for years, but he does not publish a complete account
until 1543. ASTRO

Plus (+) and minus (-) signs are first used in equations for addition
and subtraction. MmaTH

French physician Pierre Brissot opposes the current method of
bloodletting, in which physicians drain blood from the veins far-
thest from the pathogenic lesion. Brissot claims that blood with-
drawal from a surgically opened vein should be near the lesion to
be effective. For this heresy he is banished by the French
Parliament. msp

In Brussels, Flemish anatomist Andreas Vesalius (d. 1564) is born.
He will create the first accurate illustrated book on the structure of
the human body, marking the beginnings of the modern study of
anatomy. He will oppose Galen’s theories on anatomy, proving
them incorrect. Vesalius will also oppose Aristotle’s view that the
heart is the seat of life, claiming that role instead for the brain and
nervous system. msn

Spanish explorer Francisco Ferndndez de Cérdoba becomes the
first European to discover the Yucatdn Peninsula and find the re-
mains of Mayan civilization. BARTH

Henry VIII's physician, Thomas Linacre, writes a new Latin transla-
tion of Galen’s medical treatises. Physicians all over Europe now re-
alize they had been placing their full confidence in distorted, sec-
ondhand versions of the famous physician’s work. mED

England’s Royal College of Physicians is founded. M

Chocolate, peanuts, sweet potatoes, and vanilla, among other foods,
are found in use in Mayan communities. BlO
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The Great Temple at Tenochtitldn, reconstructed by Ignacio Marquina. (American

Museum of Natural History)

1519

Sept. 20,
1519

1520

Apr. 27,
1521

Sept. 1522

1524

1524

Hernando Cortés sails from Cuba to Mexico, where he encoun-
ters Aztec civilization, with its capital at Tenochtitlan, the
present-day site of Mexico City. In time the Spanish destroy the
Aztec civilization. EARTH

Ferdinand Magellan, a Portuguese navigator wounded while fighting
for his country against Morocco but denied a pension, offers his
services instead to Spain. Charles V decides to sponsor Magellan on
a westward voyage to circumnavigate the globe. Magellan departs
today with five ships. EARTH

The rifle is developed by German gunmaker August Kotter. TRCH

Fighting with natives in an area that will come to be known as the
Philippines, Magellan dies. EARTH

A ship from Ferdinand Magellan’s fleet returns to Spain, the first to
circumnavigate the globe. Magellan himself and four of his five
ships failed to complete the trip. The lone surviving ship is led by
Juan Sebastian de Elcano. ) EARTH

Commissioned by France to search for a northwest passage, Italian
navigator Giovanni da Verrazano becomes the first European to en-
ter New York harbor. NARTH

The Hospital of the Immaculate Conception in Mexico City is
built by Hernando Cortés. It is the first hospital on the American
continent. MED
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1525
1525

1525

1527

1529

1530

1530

1530

1531

1532

1535

c. 1536
1540

1540
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Christoff Rudolf introduces the square root symbol (v°) and makes
use of decimal fractions in Die Cass. MATH

In Rome the first Latin transcription of the works of Hippocrates
(see 460 B.C.) is published. MED

Swiss-born chemist and physician Philippus Aureolus Theophrastus
Bombast von Hohenheim (Paracelsus) publicly burns Galen’s and
Avicenna’s works, whose theories of humors he rejects, claiming
that the purpose of alchemy is to make medicines that will cure
and treat disease. Although he is ridiculed for his belief in astrology
and an elixir of life, Paracelsus stresses the importance of minerals,
especially zinc, in treating disease. MED

Sweet rather than bitter oranges are introduced from Asia to
Europe by the Portuguese. Bitter oranges had been available for
centuries. Bio

Italian physician and poet Girolamo Fracastoro writes Syphilis sive
morbus Gallicus, giving this sexually transmitted disease its modern
name and recognizing its venereal cause. MED

Spanish explorer Gonzalo Jiménez de Quesada becomes the first
European to learn about the potato, from Native Americans in,
Colombia. It will become a staple of Old World as well as New
World cooking. THCH

Dutch mathematician Gemma Frisius suggests that the local time
of a prime meridian should be the standard time in determining
longitude. THCH

Tobacco is commercially grown in the Spanish West Indian
colonies. BIO

Bills of mortality, showing that the population can be estimated
from birth and death rates, are introduced in England. They are the
first attempt at vital statistics. MED

Italian mathematician Niccold Tartaglia works out a method for
solving cubic equations. The solution is later published by mathe-
matician Geronimo Cardano. See 1545, Cardano. MATH

Sarsaparilla is promoted as an antisyphilitic drug. MED

In Astronomicum caesareum, German astronomer Petrus Apianus
(Peter Bennewitz) observes that the tails of comets always point
away from the sun, as the Chinese had previously discovered. See
635. ASTRO

In his Narratio prima de libris revolutionum, German mathematician
Georg Joachim Iserin von Lauchen (Rhiticus or Rheticus) offers a
summary of the heliocentric system developed but not yet pub-
lished by Copernicus. AsSTRO
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1540

1540

1540

1540

1540

1540

1540

1541

1541

1542
1542

1543

On Pyrotechnics, by Italian mine supervisor Vannoccio Biringuccio,
discusses ore processing, smelting, distillation, and other such top-
ics. This posthumous opus is considered the first important work on
metallurgy. cHEM

Francisco Pizarro reaches Peru and, within two years, destroys a
second New World civilization, that of the Incas of Peru. See 1519,
Cortés. BARTH

German instrument maker Georg Hartman discovers magnetic in-
clination or dip and is believed to be the first to measure magnetic
declination on land. : BARTH

During an expedition in 1540-1542, Fernando Véasquez de Coronado
becomes the first European to see the Grand Canyon. BARTH

Swiss-born chemist and physician Paracelsus is the first to use tincture
of opium, which he calls laudanum for medical purposes. MED

Prussian physician Valerius Cordus (1515-1544) discovers sulfuric
ether, though it does not become widely used as an anesthetic until
the nineteenth century. Mo

Italian physician Pietro Andrea Mattioli uses mercury to treat
syphilis, but this popular cure is painful and often kills the patient.
Mattioli also advocates oil of scorpions to treat the plague. MID

During an expedition in 1539-1542 led by Spanish explorer
Hernando de Soto, the first Europeans see the Mississippi River, in
what is now the United States. BARTH

During an expedition in 1541~1542, Spanish explorer Francisco de
Orellana becomes the first European to see the Amazon River and
cross South America from ocean to ocean. BARTH

In Leipzig, Germany, a botanical garden is established. Bio

German botanist Leonhard Fuchs (see also 1501) describes peppers,
pumpkins, and corn (maize) from the New World in his botanical
masterpiece De historia stirpium. His work makes no attempt to
classify plants, instead emphasizing firsthand observation of plant
habits, locales, and characteristics. BiO

Shortly before the death this year of Polish astronomer Nicolaus
Copernicus (b. 1473), his De revolutionibus orbium coelestium (On
the Revolutions of Celestial Bodies) is published. This work argues
that the earth and the planets travel around the sun, in contradic-
tion to the prevailing geocentric world view codified by Ptolemy
(c. 140) and accepted ever since. Like Ptolemy, though, Copernicus
argues that planetary motion is basically circular, with epicycles to
account for observed anomalies. The publication of this work
marks the beginning of what is now known as the Copernican revo-
lution in astronomy. ASTRO
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June 1, 1543 Flemish anatomist Andreas Vesalius publishes De corporis humani
Jfabrica (On the Structure of the Human Body), the first accurate hu-
man anatomy text. ’ MED

“Since nothing stands in the way of the movability of the
earth, 1 believe we must now investigate whether it also has
several motions, so that it can be considered one of the planets.”
~Nicolaus Copernicus, Polish astronomer, on his theory that
the earth is one of several planets moving around the sun;
in De revolutionibus orbium coelestium, 1543

L T T P T T T T

1544 Italian physician and botanist Pietro Andrea Mattioli publishes an
Italian version of the classic botany text De materia medica by
Dioscorides, a Greek physician and herbalist. See 60. sio
1545 Italian mathematician Geronimo Cardano publishes his Ars magna,

a landmark baok on algebra often considered to mark the begin-
ning of modern mathematics. It includes Tartaglia’s method' for
solving cubic equations (see 1535) and Ludovico Ferrari’s method
for solving quartic equations. It also includes methods for working

with negative numbers. , MATH
c. 1545 French surgeon Ambroise Paré devises artificial limbs for war-
injured soldiers. These “hands” include individually moving fingers
and a holder for a quill pen. mip
1546 Astronomer Tycho Brahe (d. 1601) is born at Skeane, Denmark,

now part of Sweden. Tycho will set a new standard for precision in
astronomical measurements. He will also make important observa-
tions of the supernova of 1572 and the comet of 1577. ASTRO

1546 Iralian physician Girolamo Fracastoro formulates the first theory
suggesting that the tiny, autonomous living entities called bacteria
are what cause disease. MED

1546 In De natura fossilium, German metallurgist Georgius Agricola
(Georg Bauer) coins the word fossil for anything dug from the earth,
including rocks in the shape of bones and shells. PALEO

1547 In London the St. Mary’s of Bethlehem Hospital establishes a sepa-
rate asylum for the insane. It will become known as Bedlam, a term
that will become synonymous with a place or state of uproar and
confusion. mp

1550 Italian scientist Geronimo Cardano publishes a book on natural his-
tory that implies a belief in evolutionary change. BIO

c. 1550 In Yucatan, Mexico, during the postclassic period, Mayan Indians
roast green corn, then leave it to produce mold, which is used to
treat wounds, cuts, ulcers, and intestinal infections. mup
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c. 1550~
1700

1551

1551

1551

1551

1551

1552

1553

1554

1554

1555

1556

This period in Europe will become known as the scientific revolu-
tion. During this time scientists such as Copernicus, Galileo, Harvey,
Pascal, and Newton and philosophers such as Francis Bacon trans-
form the modern world’s approach to understanding nature.
Traditional deference to classical authorities on nature, such as
Aristotle, is replaced by reliance on the empirical methods of sci-
ence. misc

German astronomer Erasmus Reinhold publishes Tabulae
prutenicae, astronomical tables based on Copernicus’s heliocentric
theory that improve on the thirteenth-century Alphonsine tables.
See 1272. ASTRO

German-Swiss physician and naturalist Konrad von Gesner begins
publication of what will be considered the most authoritative zoo-
logical study since Aristotle, his Historiae animalium (1551-1558,
1587). It includes lists and descriptions of each known animal
species and their physical appearance, emotions, habits, locale, dis-
eases, and uses for mankind. Bio

German mathematician Georg Joachim Iserin von Lauchen
(Rhéticus or Rheticus) produces detailed trigonometric tables. mam

Italian physician Bartolommeo Maggi proves that gunshot wounds
are not poisonous. mip

Italian anatomist Gabriel Fallopius describes the tubes that carry the
human ovum from the ovary to the uterus. These passages, which
will become known as the Fallopian tubes, are where fertilization
takes place. MED

The convex lens is developed by Italian physicist Giambattista del-
la Porta and used to refine the camera obscura, an artist’s tool for
tracing that had been invented by Roger Bacon three centuries
earlier. TECH

English mariner Richard Chancellor opens a northeastern sea route
to Russia, encouraging trade between the two countries. RARTH

Italian naturalist Ulisse Aldrovandi publishes his systematic study of
plant classification, Herbarium. »io

French physician Jean-Francois Fernel publishes his work called
Medicina, the first modern medical textbook. mip

French naturalist Pierre Belon describes the homologies (basic simi-
larities) in the body plans of vertebrates. sio

Tobacco is introduced to continental Europe by Franciscan monk
André Thevet, who brings seeds of the plant to Spain from a trip to
Rio de Janeiro. BIO
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1556

Jan. 24,
1556
1556
1557

1559

1560

Feb. 15,
1564

1565
1565
1565

1565

1567
1568

1568

1570
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De re metallica (Concerning Metallic Things), by German physician
Georgius Agricola (Georg Bauer), now published posthumously, is
the first important work on mineralogy. BARTH

The deadliest earthquake in recorded history devastates Shansi,
China, with a death toll in the hundreds of thousands. BARTH

French surgeon Pierre Franco is the first to perform a suprapubic
lithotomy, or incision into the bladder to remove stones. MED

English mathematician Robert Recorde makes the first known use
of the modern equals (=) sign. MATH

Ice cream is developed in Italy, by a freezing process using ice and
salt. ‘ TECH

Italian physicist Giambattista della Porta founds the first scientific
association designed for the exchange of information, the
Academia Secretorum Naturae, or Academy of the Mysteries of
Nature. misc

Galileo Galilei is born in Pisa, Italy (d. 1642). Often considered the
founder of the experimental method, he will become known for his
achievements in astronomy, physics, and mathematics as well as a
clash with the Roman Catholic church over his support for the he-
liocentric theory (that the earth and planets revolve around the
sun). misc

Swiss scientist Konrad von Gesner’s De rerum fossilium (On Things
Disinterred from the Earth) contains the first illustrations of fossils. s1e

Tobacco is introduced from Florida to England by explorer John
Hawkins. See also 1556. B0

Muskets are in use in Europe. TECH

The lead pencil (or lead) is seen for the first time in a woodcut
from a book about fossils by Swiss-German naturalist Conrad von
Gesner. TECH

Bologna’s botanical garden is founded. BiO

The first map to use the Mercator projection appears. Designed by
Flemish cartographer Gerardus Mercator (Gerhard Kremer), this
map employs a cylindrical projection that distorts the sizes of areas
in order to preserve their shapes. ) NARTH

Ambroise Paré recognizes the difference between syphilis (called
the greater pox) and smallpox (the lesser pox). MED

Geographer Abraham Ortelius of Antwerp publishes his Theatrum
orbis terrarum, which contains seventy maps and is the first com-
prehensive atlas of the world. BARTH
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1572 A supernova as bright as Venus is observed in the constellation
Cassiopeia by Chinese astronomers and Danish astronomer Tycho
Brahe. This stellar explosion remains visible to the naked eye for
sixteen months. Tycho calls it a nova in his De nova stella (On the
New Star) the following year. His hypothesis that this supernova is
farther away than the moon contradicts traditional belief by indicat-
ing that change can happen in the celestial sphere. ASTRO

L T R T Y

“Scionce without conscience is the death of the soul.”
~Frangois Rabelais, French scholar, satirist,
and monk; sixteenth contury

L T T I I L

1572 Pigeons are used to transport messages in Haarlem, the
Netherlands. sio
1572 In Rafael Bombelli’s Algebra, complex numbers are applied to solve
equations for the first time. Bombelli also uses continued fractions
to approximate roots. MATH
c. 1574 Italian philosopher Giordano Bruno is accused of heresy and forced

to leave the Dominican order. Among his heretical beliefs is Bruno’s
defense of Copernicus’s heliocentric theory on metaphysical
grounds. AsTRO

1574 Tycho, under the patronage of Danish king Frederick I, establishes
an observatory on the Danish island of Ven. For twenty years he
and his assistants carry out accurate, detailed naked-eye observa-
tions of the stars and planets, AsTRO

1575 Spanish physician Juan Huarte recommends that ability tests be
given and vocational counseling be used to match people with their
occupations. He also claims that intelligence and higher culture are
possible only in moderate climatic zones. PSYCH

1575 Porcelain dinnerware is produced for the first time in Europe by
Tuscan grand duke Francesco Maria de Medici. THCH

1576 English explorer Martin Frobisher fails to find a northwest passage
from Europe to Asia but does discover Baffin Island and, in 1578,
rediscovers Greenland. See 982. EARTH

1577 Using parallax theory, Tycho proves that a bright comet he is ob-
serving is at least three times as far away as the moon, contradict-
ing the conventional belief that comets are luminous vapors in the
atmosphere. ASTRO
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1577

1578

1578

Apr. 1, 1578

1580

1581

1581

Oct. 15,
1582

1583

1583

1584

1586
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During an expedition in 1577-1580, English mariner Francis Drake
circumnavigates the globe for the first time since the voyage of
Magellan in 1522. On the way he discovers the Drake Passage or
Drake Strait south of Tierra del Fuego and sails up the California
coast as far as San Francisco Bay. BARTH

French physician Guillaume de Baillou is the first to describe
whooping cough and coins the term rheumatism for soreness, stiff-
ness, and inflammation of the joints and muscles. msp

The first medical school on the North American continent is estab-
lished, at the University of Mexico. MED

English physician William Harvey (d. 1657) is born in Folkestone,
Kent, England. He will be known for establishing that the heart is a
muscle and that blood circulates. He will bring about the end of un-
questioning acceptance of Galen and Greek medicine. Some will
consider him the founder of modern physiology. MED

Italian scientist Prospero Alpini discovers that plants have two
sexes. sio

A Russian named Yermak Timofievich explores Siberia, conquering
the Mongol kingdom of Sibir. BARTH

While watching hanging lamps during a service in the cathedral of
Pisa, the sixteen-year-old Galileo notes that the time of a pendu-
lum’s swing seems to be determined solely by its length, not by the
width of its swing. This observation leads to the manufacture of ac-
curate pendulum clocks by the late seventeenth century. PHYS

Following the advice of Bavarian astronomer Cristoph Clavius,
Pope Gregory XlII reforms the calendar. In his Gregorian calendar,
still used today, century years not divisible by four hundred are not
leap years. This change from the old Julian calendar, which had
been in use in Europe since 46 B.C., results in ten days being
dropped. Thus, the day after October 4 is proclaimed to be
October 15. AsTRO

Italian botanist Andrea Cesalpino proposes a plant classification
system in his treatise De plantis. He classifies plants according to
their roots and fruit organs, putting lichens and mushrooms at the
bottom of the plant hierarchy. si0

Dutch mathematician Simon Stevinus founds the science of hydro-
statics with discoveries about factors determining the pressure of

liquids on surfaces. PHYS
Sir Walter Raleigh brings the plant extract curare to England from
South America. MED

Potatoes imported from the Americas are planted in Ireland by
explorer Sir Francis Drake. si0
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1586

1586

1588

c. 1589

1590s

1590

1590

1590

1591

1592

c. 1592
1593

1594

1595

1596

Simon Stevinus works out a system of decimal fractions that allows
fractions to be included in positional notation. He also discovers
rules for locating the roots of equations. MATH

On dropping two objects of different weight, Simon Stevinus notes
that they hit the ground at the same time, disproving Aristotle’s
long-held proposition that heavier bodies fall faster than lighter
ones. PHYS

Italian botanist Giambattista della Porta tries to draw parallels be-
tween the medicinal properties of a plant and its external shape, ar-
guing that plants resembling human organs can be useful in healing
diseases of those organs. BIO

William Lee of Cambridge, England, invents the stocking frame, the
first knitting machine. It slowly gains popularity during the seven-
teenth century. TECH

Galileo privately accepts the Copernican heliocentric explanation of
the solar system. AsTRO

Galileo publishes his De motu (On Motion), showing how his experi-
ments with falling bodies refute Aristotle’s physics. PHYS

Rudolf Goeckel publishes a book of essays by different authors on
human nature and the soul. This is the first book to have the word
psychology (Psychologia) in its title. PSYCH

Dutch spectacle maker Zacharias Janssen invents the compound
microscope. See also 1609, Lippershey. THCH

French mathematician Frangois Viéte introduces algebraic sign lan-
guage using consonants for known quantities and vowels for un-
known ones. MATH

Italian engineer Domenico Fontana discovers the ruins of the cities of
Pompeii and Herculaneum, buried by the eruption of Mount Vesuvius
in 79. Deliberate excavation will not occur until 1738, but this discov-
ery marks the beginning of the science of archaeology. ARCH

Galileo invents the thermoscope, a primitive thermometer. THCH

A shortage of lumber and firewood in England encourages the ex-
pansion of coal mining. TaCH

Gerardus Mercator dies (b. 1512). His son publishes Mercator’s great
work, Atlas sive cosmographicae, posthumously. BARTH

The word trigonometry appears in print for what may be the first time,
in a work by German mathematician Bartholomaeus Pitiscus. MATH

Dutch astronomer David Fabricius reports for the first time on the
irregular variation of the star Omicron Ceti, or Mira. See also 1638,
Holwarda. ASTRO
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1596 English botanist John Gerard’s (d. 1612) Herbal, the greatest survey
of botanical knowledge to date, is published. si0
1596 Dutch mathematician Ludolph van Ceulen calculates pi to twenty
decimal places, later extending it to thirty-five places. MATH

SIMIAN SHAKESPEARE

bout the year 1601, English playwright William Shakespeare

wrote the tragedy Hamlet, a masterpiece that sparked centuries

of theatrical and literary interpretation. As an exemplar of the
unique, unrepeatable nature of great art, the play also sparked a question
that has become part of popular scientific lore: How long would it take for a
monkey sitting at a typewriter to write Hamlet by randomly pounding on
the keyboard?

This question has been raised in many contexts, sometimes by nihilists
seeking to suggest the meaninglessness of human works, at other times by
creationists arguing that random events could not have led to the evolution
of intelligence. (The latter application is, however, misleading, since the nat-
ural selection of useful characteristics is, by definition, not random but se-
lective.) Whatever its significance, the question itself is easily answered, not
by setting a monkey in front of a typewriter and waiting, but with tech-
niques drawn from probability theory. This area of mathematics was found-
ed by French mathematicians Blaise Pascal and Pierre de Fermat around
1654, not long after Hamlet was written.

Assume that the number of symbols or characters in Hamlet—includ-
ing all letters, punctuation, and spaces—equals 200,000. (Whether it is
more or less, the basic idea will be the same.) There are 46 characters on a
typewriter keyboard, not counting the shift key and such subtleties as tabs
and returns (the monkey’s editor will take care of those). Thus each time the
monkey hits a Rey, he has a one in 46 (‘) chance of hitting the right one, as
for example the initial t in “to be or not to be.” When he hits the next key,
he again has a one in 46 chance of hitting the right key for the o in “to. ”
The odds of his typing the complete word “to” are, then, s X ‘e, OF (),
Yo Similarly, the odds of his typing all 18 characters in “to be or not to be”
in the correct sequence are (“)"°, equivalent to ‘s multiplied by itself 18
times. The odds of the monkey's typing all 200,000 characters therefore are
(%)™ This probability is so small as to be virtually zero, or, to put it an-
other way, the time it would take is virtually infinite. The only known way
for monkeys to write Hamlet is for them to evolve to be as intelligent as
Shakespeare.
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1596
1596

1597

1597

1597

1598

1599

1600

Feb. 17,
1600

c. 1600

1600

1600

Oct. 24,
1601

Philosopher, mathematician, and scientist René Descartes is born
in La Haye, France (d. 1650). Considered the founder of modern
philosophy and analytic geometry, he will originate Cartesian coor-
dinates and Cartesian curves. His contributions to science will in-
clude work in physiology, optics, and psychology. misc

Korean admiral Visunsin builds the first ironclad warship. THCH

The water closet, meant to replace the chamber pot and privy, is
developed by English poet Sir John Harington. THCH

After twenty years of research, Tycho is forced to leave his observa-
tory at Ven when the new king of Denmark, Christian 1V, cuts off
his support. He then goes to Prague as court astronomer for Holy
Roman Emperor Rudolph II. AsTRO

German alchemist Andreas Libau (Libavius) publishes his Alchymia,
a landmark text in chemistry. Among other things, it explains how
to prepare hydrochloric acid and ammonium sulfate. cHEMm

ltalian physician Gaspare Tagliacozzi publishes his studies on the re-
construction of the nose. He thus becomes established as the first
modern plastic surgeon. MED

Italian aristocrat Carlo Ruini illustrates a work called Dell’ anatomia
et dell’ infirmita del cavallo, the first comprehensive monograph on
an animal’s anatomy, in this case the horse. sio

Italian naturalist Ulisse Aldrovandi publishes his classic studies in
ornithology, the branch of zoology dealing with birds. sio

Young mathematician Johannes Kepler becomes Tycho’s assistant
at Prague. AsTRO

The ltalian philosopher Giordano Bruno (b. 1548), is burned at the
stake in Rome for heresy, including his support for Copernican the-
ory. AsTRO

Johann Thélde, writing as Basil Valentine, is the probable discoverer
of the elements antimony and bismuth. cHEM

English physician and scientist William Gilbert publishes De mag-
nete (On Magnetism), the first work of physical science based com-
pletely on experimentation. In it he argues that the earth acts like a
giant magnet with poles near the geographic poles. EARTH

William Gilbert is named president of the College of Physicians and
personal physician to English queen Elizabeth 1. She, and he, die
three years later. mED

Danish astronomer Tycho Brahe (b. 1546) dies at Benatky, near
Prague, Czechoslovakia. Johannes Kepler succeeds him as court as-
tronomer to Emperor Rudolph II. AsTRO
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1601 French mathematician Pierre de Fermat is born (d. 1665). Not a
professional mathematician, he publishes virtually nothing during
his lifetime, but will eventually be regarded as the founder of num-
ber theory, a codiscoverer of analytic geometry, and a codiscoverer
also of differential calculus. He will also be renowned for the theo-
rems he scribbled in the margins of books, particularly one called
Fermat’s Last Theorem. See 1637, Fermat; c. 1810s. MATH

1601 Fifty-three stations with overnight inns called ryokans and horse-
changing stops are built in Edo and Osaka, Japan. Developed by a
man named leyasa, regent of Tokugawa, these inns ease the bur-

den of long-distance travel. TECH
1601 Coffee, introduced to England by traveler Anthony Shirley, is sold
for five pounds per ounce. TECH
1601 Pepper is imported in large quantities to England by the East India
Company, a trading concern. THCH
1602 German astronomer Johann Bayer’s celestial atlas Uranometria in-

troduces a new system for naming and describing the locations of
stars that is still in use today. In this system a star is named by a

Greek letter and its constellation. ASTRO
1602 Hugh Platt discovers coke, the residue left after distillation of coal,
which later becomes an important fuel. THCH
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“[A] custome lothsome to the eye, hatefull to the nose,
harmefull to the braine, dangerous to the lungs and in the
blacke stinking fume thereof, nearest resembling the horrible,

Stigian smoke of the pit that is bottomlesse.”—James | of
England on the newly introduced habit of tobacco smoking; Iin
“counterblaste fo Tobacco”; published anonymously 1603

T e R L R R ]

1604 Korean and Chinese astronomers, independently from johannes
Kepler at Prague, observe a supernova in the constellation
Ophiuchus that lasts twelve months. Kepler’s observations are pub-
lished as De stella nova (On the New Star) in 1606. AsTRO

1604 Galileo observes that a falling body increases its distance as the
square of time. PHYS

1605 English essayist Francis Bacon publishes his treatise The
Advancement of Learning, which promotes experimentation and ob-
servation as the basis for knowledge. Mmisc

1606 Spanish navigator Luis Vaez de Torres sails completely around New
Guinea, showing it to be an island. BARTH

1
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THE MOONS OF JUPITER

n 1609 Italian scientist Galileo Galilei received word that a Dutchman,

Hans Lippershey, had invented a device “by the aid of which visible ob-

Jects, although at a great distance from the eye of the observer, were
seen distinctly as if near.” Wasting no time, Galileo learned how to build his
own telescope and constructed several models. In 1610 he discovered a star-
tling fact about the planet Jupiter. In The Sidereal Messenger, published
later that year, he reported his find.

On the 7th day of January in the present year, 1610, in the first
hour of the following night, when I was viewing the constellations of
the heavens through a telescope, the planet Jupiter presented itself to
my view, and as I had prepared for myself a very excellent instru-
ment, I noticed a circumstance which I had never been able to notice
before, owing to want of power in my other telescope, namely, that
three little stars, small but very bright, were near the planet. ...

1 scarcely troubled at all about the distance between them and Jupiter,
Jor, as I have said, at first I believed them to be fixed stars; but when on
January 8th, led by some fatality, I turned again to look at the same part

of the heavens, I found a very different state of things, for there were
three little stars all west of Jupiter [where previously two had been east
and one west], and nearer together than on the previous night. ...

[After more days of observation:]

1, therefore, concluded, and decided unhesitatingly, that there are
three stars in the heavens moving about jupiter, as Venus and
Mercury around the Sun; which at length was established as clear as
daylight by numerous other subsequent observations. These observa-
tions also established that there are not only three, but four, erratic
sidereal bodies performing their revolutions round Jupiter....

[Galileo concludes:]

[W]e have a notable and splendid argument to remove the scruples
of those who can tolerate the revolution of the planets round the sun
in the Copernican system, yet are so disturbed by the motion of one
Moon about the Earth, while both accomplish an orbit of a year’s
length about the sun, that they consider that this theory of the uni-
verse must be upset as impossible; for now we have not one planet
only revolving about another, while both traverse a vast orbit about
the Sun, but our sense of sight presents to us four satellites circling
about Jupiter, like our Moon about the Earth, while the whole system
travels over a mighty orbit about the Sun in the space of twelve years.

59

P DO



1608
1608

1609

1609

1609

1609

1609

1610

c. 1610
1610

1610

1611

1611

1612
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Dutch spectacle maker Hans Lippershey invents the first telescope
to attract public notice. Military telescopes had been used secretly
by the Dutch for about twenty years. ASTRO

Galileo builds his own telescope with three-power maghnification,
eventually making one with a magnification of thirty. AsTRO

Johannes Kepler’s Astronomia nova (The New Astronomy), published
this year, contains both his first law (that the ‘orbit of a planet
around the sun is an ellipse) and second law (that these orbits
sweep out equal areas in space in equal periods of time). ASTRO

English mathematician Thomas Harriot uses a telescope to sketch
the moon. ASTRO

Italian anatomist Giulio Casserio finishes a series of five books on
the hearing, sight, smell, taste, and touch organs of humans. This
work, Pentaestheseion, will be noted for its literary style and illustra-
tive plates. BIO

Independently from Zacharias Janssen (see 1590) Dutch scientist
Hans Lippershey invents the compound microscope, a central tube
with lenses attached to both ends. THCH

Italian scientist Galileo becomes the first to make significant astro-
nomical observations using the telescope. He sees four of Jupiter’s
moons, the phases of Venus, and the individual stars of the Milky
Way. He notes that Saturn has an odd appearance, later found to be
rings. He publishes his discoveries in a work called Sidereal
Messenger. . AsTRO

Galileo uses the microscope to study insect anatomy. (]

Jean Beguin of France publishes his Tyrocinium chymicum, the first
textbook on chemistry rather than alchemy. cHEM

English navigator Henry Hudson, attempting to find the northwest
passage, instead finds and enters the Canadian waterway now
known as the Hudson Strait, leading to a large, landlocked body of
water that will come to be called Hudson Bay. EARTH

Galileo, Thomas Harriot, Johannes Fabricius, and German as-
tronomer Father Christoph Scheiner independently discover
sunspots. ASTRO

English physician john Woodall recommends citrus fruit for protec-
tion against scurvy on long sea voyages. mip

German astronomer Simon Marius (Simon Mayr) is the first to
study the Andromeda galaxy. AsTRO
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Tobacco label, “The Best Tobacco under the Sun,” seventeenth cemury (Arents
Collection, New York Public Library)

1612 Through advice from Native Americans, American colonists learn to
grow and cure tobacco on a large scale and use it as a prime export
commodity to England. Over fifteen hundred pounds per acre are

grown in Virginia’s James River Valley. BiO
1613 In The Sunspot Letters Galileo supports the Copernican theory of he-
liocentrism in print for the first time. AsTRO
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1615

1615
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1615

1616

1616

1616

1617

1617
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1617
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Mathematician Pietro Cataldi develops techniques for handling con-
tinued fractions. MATH

Italian chemist Angelo Sala discovers that light darkens the white
compound silver nitrate, a phenomenon relevant to the invention of
photography two centuries later. CHEM

Scottish mathematician john Napier publishes a table of logarithrﬁs
based on powers of 2. MATH

Italian physician Sanctorius (Santorio Santorio) publishes his studies on
body weight, food, and excreta—the first metabolic balance studies. msp

Galileo travels to Rome to defend the Copernican theory. ASTRO

French explorer Samuel de Champlain reaches the eastward exten-
sion of Lake Huron, called Georgian Bay. He thus becomes the first
European to sight the Great Lakes. RARTH

Rubber is introduced to Europe from South America, but its uses
will not be fully developed for centuries. See also 1503. TECH

The use of coal in England grows in popularity, owing to rising tim-
ber costs. TECH

In a rebuff to Galileo, the Roman Catholic church issues a decree
stating that the Copernican doctrine is “false and absurd” and
should not be held or defended. Copernicus’s De revolutionibus
(1543) is placed on the church’s Index of Prohibited Books, where it
will remain until the nineteenth century. AsTRO

English explorer William Baffin reaches what is now Baffin Bay and
travels to within eight hundred miles of the North Pole, a record
held until the latter half of the nineteenth century. RARTH

English physician William Harvey lectures to the Royal College of
Physicians about the circulation of the blood. mEp

English mathematician Henry Briggs’s Logarithmorum chilias prima
(Logarithms of Numbers from 1 to 10) introduces logarithms based
on powers of 10, or common logarithms. MATH

Dutch mathematician Willebrord Snell develops a technique for
finding distances by trigonometric triangulation. MATH

French clergyman St. Vincent de Paul (1581~1660) organizes the
Dames de Charité, women who visit the sick and dying, adminis-
tering nursing services. With this organization St. Vincent intro-
duces the modern principles of home health care and the idea that
poverty should not keep people from giving or receiving medical
care. MED

In London, King James 1 grants a charter to a newly formed society
of pharmacists, allowing pharmacists to emerge as a distinct group
of craftsmen separate from grocers. MED
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1619 In his Harmonice mundi Johannes Kepler propounds his third law,
that the squares of the times of revolution of any two planets are
proportional to the cubes of their distances from the sun. AsTRO

Kepler publishes Epitome astronomiae copernicae (Epitome of the
Copernican Astronomy), a defense of the Copernican doctrine. The
Roman Catholic church places it on its Index of Prohibited Books. Asmmo

From Ingulstadt, Germany, comes the first report of telescopic ob-
servations of a comet. AstrO

English philosopher Francis Bacon points out that the outlines of
Africa and South America generally mesh, an observation that will
become important in the development of plate tectonics. EARTH

Francis Bacon publishes his Novum organum, a treatise outlining the
scientific method based on the principles of experimentation and
induction. Mmisc

L ]

“The human understanding is of its own nalure prone fo
absiractions and gives a substance and reality to things which
aro flooting. But to resolve nature info abstractions is less fo
our purpose than fo dissect her info parts. ... Matier rather
than forms should be the object of our attention, ifs
configurations and changes of configuration, and simple
action, and law of action or motion; for forms are figments of
the human mind, vnless you will call those laws of action
forms.”—Francis Bacon, English philosopher;

in Novum organum, 1620

L ]

In London, Dutch inventor Cornelis Drebbel constructs the first sub-
marine, using greased leather over a wooden form. Powered by
rowers, the vessel cruises beneath the surface of the Thames. rTaen

In his treatise On the Formation of Eggs and Chickens, Italian scien-
tist Girolamo Fabrici gives detailed, sequential illustrations of chick
embryo development. See also 1673, Malpighi. si0

English mathematician William Oughtred invents the slide rule. mam

Dutch mathematician Willebrord Snell formulates Snell’s law, which
concerns refraction of light. It states that the ratio of the sine of the
angle of incidence to the sine of the angle of refraction is equal to
the ratio of the refracting medium’s index of refraction to the origi-
nal medium’s index of refraction. PHYS

Italian anatomist Gasparo Aselli discovers the lacteal vessels, an im-
portant intestinal lymph vessel. MID
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1623 Botanist Gaspard Bauhin of Switzerland classifies some six thou-
sand plants and introduces the practice of using two names—one
for the genus, another for the species—to classify living things. me

1623 French mathematician, scientist, and religious philosopher Blaise
Pascal is born (d. 1662). He will become the founder of probability
theory, discover many properties of the cycloid, and lay the ground-

work for the hydraulic press. misc
1624 Flemish physician Jan Baptista van Helmont studies the metabolism
of the willow tree. B0

Sept. 10, Physician Thomas Sydenham is born in Wynford Eagle, England

1624 (d. 1689). Known as the English Hippocrates, he will be the first to
describe measles and scarlet fever and will recommend such reme-
dies as opium for pain and iron for anemia. MmED

1624 Jan Baptista van Helmont coins the word gas (from the Flemish word

for chaos) to describe substances like air. One of the gases he identi-
fies is carbon dioxide, which he calls gas sylvestre (wood gas). PHYS

EXPERIMENT WITH A CHICKEN

nglish philosopher, essayist, and statesman Francis Bacon
(1561-1626) was not an expert in any one science but dabbled in
many, doing things like stuffing a chicken with snow to test the idea
that cold can preserve meat from decay. Much more valuable than such experi-
ments was his development of a philosophy of knowledge that is one of the
principal sources of the scientific method, and therefore of modern science.
In his works The Advancement of Learning (1605) and Novum organum
(1620), Bacon laid out his belief that the Aristotelian method of deducing truth
Jrom a priori assumptions was not a valid way of uncovering truths about na-
ture. He proposed instead what he called the inductive method: making numer-
ous observations and experiments in order to build to general conclusions.
Bacon perhaps overstated the case, since modern science uses both deduction
(to frame theories, hypotheses, and predictions) and induction (to test predic-
tions against the real world and provide evidence for the framing or reframing
of theories). But he did provide philosophical underpinnings for science that
served to increase the pace and rigor of scientific discovery.
As for Bacon’s chicken and snow experiment, the outcome was never
recorded. Bacon caught a severe chill while collecting the snow and died a
Sfew days later, a martyr, if an unglamorous one, to his own method.
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1624

1625

1626

1627

1627

1628

1628

c. 1629

1630

French philosopher Pierre Gassendi contributes to sensory psychol-
ogy by being the first to measure sound velocity. PSYCH

German chemist Johann Glauber finds that hydrochloric acid can be
formed with sulfuric acid and sodium chloride. The residue of this
compound will gain popularity as the laxative known as sodium sul-
fate. mED

Sir Francis Bacon experiments with refrigerating food by placing
snow in the cavities of chickens. TECH

Johannes Kepler publishes his Rudoilphine Tables, planetary tables
based on his theory of elliptical orbits. ASTRO

The auroch, or uru, the long-horned wild ox believed to be the an-
cestor of domestic cattle (see 6400 B.C.), becomes extinct when the
last specimen dies in Poland. sio

British physician William Harvey publishes a description of the circu-
lation of blood that is largely correct, in contrast to the many erro-
neous ideas extant on blood movement. See also 1660, Malpighi. msp

A rudimentary version of the steam engine is developed by English
engineer Edward Somerset. ™eH

French mathematician Pierre de Fermat discovers a method of find-
ing maximum and minimum values for functions which represents
the genesis of differential calculus. MATH

Pierre Vernier, a French military engineer, invents the Vernier scale,
which measures angles and small distances with great precision.
Though its original applications will be in navigation and astrono-
my, the Vernier scale will come into general use near the end of the
seventeenth century. BARTH

Englishman Peter Chamberlen devises the first obstetrical forceps. msp

Italian natural philosopher Niccold Cabeo observes that electrically
charged bodies first attract, then repel each other. He is the first to
use the term lines of force to describe the curves assumed by iron
filings on a sheet of paper above a magnet. PHYS

Following Kepler’s predictions, Pierre Gassendi observes the transit
of Mercury across the sun. ASTRO

Mathematician Thomas Harriot’s posthumously published work,
Artis analyticae praxis, introduces a raised centered dot for multipli-
cation and the symbols > and < for “greater than” and “less
than.” MATH

English mathematician William Oughtred introduces the x sign for
multiplication. MATH
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1633

1633

1635

1635

1635

1636

1637

1637
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Galileo’s Dialogue on the Two Great World Systems is published in
Italian, not Latin, to reach a general audience. Using the conceit of
a hypothetical debate among three philosophers, it makes a solid
case for the Copernican theory. The Roman Catholic church
promptly places a ban on it that will not be lifted until 1822. asmo

In Delft, the Netherlands, microscopist and zoologist Anton van
Leeuwenhoek is born (d. 1723). Although he will receive little scien-
tific education, Leeuwenhoek will make pioneering discoveries re-
garding microbes, red blood cells, capillary systems, and insects’
life cycles. After his invention of a double-convex microscope, he
will describe three types of bacteria—bacilli, cocci, and spirilla—
and discover protozoa and bacteria. B0

English philosopher John Locke is born (d. 1704). He will found
British empiricism, the philosophical doctrine that all knowledge is
derived from experience. Locke’s views will be associated with the
rise of experimental science in the eighteenth century. See also
1690. misc

Galileo, at age sixty-nine, is called before the Inquisition in Rome
on charges of heresy. Pleading guilty, he recants his views and is
sentenced to house arrest for the remainder of his life. ASTRO

English physician Stephen Bradwell writes Helps in Sudden
Accidents, the first book on first aid. MED

English astronomer Henry Gellibrand presents evidence that the
earth’s magnetic poles shift position over time. EARTH

Italian mathematician Francesco Bonaventura Cavalieri publishes
the influential Geometria indivisibilibus continuorum, in which he
develops the theory of indivisibles (infinite processes), an important
stage in the development of the calculus. MATH

Inland mail delivery by wheeled coaches is inaugurated between
London and Edinburgh. TECH

Sugar is first grown on Barbados. Introduced by the Dutch, it will
become a mainstay crop in Barbados and other islands in the
Caribbean. THCH

King Christian IV of Denmark establishes a permanent astronomi-
cal observatory in Copenhagen. AsTRO

In an appendix to his Discourse on Method, French mathematician
René Descartes introduces analytic geometry, a branch of geome-
try in which all points are represented with respect to a coordinate
system. (Pierre de Fermat had developed analytic geometry inde-
pendently in 1636 or earlier, but his work was not published until
1670.) Descartes’ work also introduces a system of exponential
notation. MATH
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1637

1637

1638

1638

c. 1639

1639

c. 1639

1640

c. 1640

1640

1640
1641

1641

French mathematician Pierre de Fermat formulates, but does not
prove, Fermat’s Last Theorem, so calied because for centuries it re-
mains the last proposition of Fermat’s to go unproven. It states that
the expression x" + y" = z" has no positive integral solutions if n is
an integer greater than 2. In 1993 British mathematician Andrew
Wiles will finally prove it. MATH

Descartes explains the process of accommodation, in Dioptrics, his
work on ophthalmology. mip

Descartes publishes his Discourse on Method, which begins from
the premise of universal doubt, describes a mechanistic physical
world divorced from the mind, and promotes the use of deduction
in science. Misc

Dutch astronomer Phoclides Holwarda identifies the first known
variable star, Omicron Ceti, or Mira, initially observed by David
Fabricius in 1596. ASTRO

Galileo publishes Mathematical Discourses and Demonstrations on
Two New Sciences in which he discusses the laws of motion and fric-
tion, refuting Aristotle on several points. PHYS

English astronomer William Gascoigne invents the micrometer, a
device placed in a telescope to measure the angular distance be-
tween stars. AsTRO

In his work known as Brouillon project (Rough Draft), French mathe-
matician Girard Desargues develops projective geometry. MATH

Descartes claims that the human body functions as a machine, a
system of mechanical devices. He mistakenly believes the pineal
gland to be the center of the human mind and soul. MED

French mathematician Pierre de Fermat develops modern number
theory. MATH

Italian matron Jeanne Biscot develops the abilities of the patients
she cares for during the Thirty Years” War (1618~-1648). Her hospi-
tals become workshops where patients enrich their personal skills,
marking the beginning of occupational therapy. mED

In De motu gravium, Evangelista Torricelli of Italy applies Galileo’s
laws of motion to fluids, thus founding the science of hydro-
dynamics. PHYS

Stagecoaches to transport people are introduced in England.  Taen

The first living chimpanzee is brought out of the wild to the
Netherlands. sio

Using his father’s theories, Galileo’s son designs a clock with a
pendulum. THCH
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1642

1642

Dec. 25,
1642

1643
1644

1644

1644

1644

1645

1647

1647

1648

1648

THE TIMELINE BOOK OF SCIENCE

Sailing from Dutch outposts in Indonesia, mariner Abel Janszoon
Tasman becomes the first European to reach what is now the island
of Tasmania and the southern island of New Zealand. BARTH

French scientist Blaise Pascal invents the adding machine and also
contributes to the development of differential calculus. MATH

On Christmas of the same year that Italian scientist Galileo Galilei
dies (b. 1564), English mathematician and physicist Isaac Newton is
born (d. 1727). He will found the field of celestial mechanics, co-
invent calculus, and make revolutionary breakthroughs in the stud-
ies of optics, gravitation, and motion. In his most famous work,
known as the Principia (1687), he will present his three laws of mo-
tion and the law of universal gravitation. misc

Italian mathematician Evangelista Torricelli invents the barometer. Taew

Dutch explorer Abel Tasman becomes the first European to discover
the continent of Australia. EARTH

Evangelista Torricelli publishes discoveries about the cycloid, includ-
ing methods of finding its area and constructing the tangent. Earlier
and independently, French mathematician Gilles Personne de
Roberval made similar discoveries but did not publish them.  mam

Descartes explains reflex action, the involuntary response to a stim-
ulus. mD

Descartes publishes his Principles of Philosophy, which builds on
the Discourse on Method (1637) in describing natural phenomena in
mechanistic terms. misc

German physicist and engineer Otto von Guericke invents the first
practical air pump. Vacuums created by this device allow von
Guericke to carry out experiments revealing that in vacuums sound
does not travel, fire is extinguished, and animals stop breathing.
Von Guericke will also make the first measurement of the density of
air. PHYS

Selenographia, by German-Polish astronomer Johannes Hevelius, is
the first map of the visible side of the moon. ASTRO

In Italy, physician Georg Wirsung discovers the pancreatic duct,
which passes pancreatic juice through into the smail bowel, where
the juice assists with food breakdown. MED

Flemish physician Jan Baptista van Helmont claims that baby mice
are produced either by spontaneous generation or through the join-
ing of adult male and female mice. =0

Using barometers, French scientist Blaise Pascal demonstrates that
air pressure decreases with altitude and shows that air has a finite
height. EARTH
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1648 Pascal formulates what is termed Pascal’s law, that in a confined
fluid, externally applied pressure is transmitted uniformly in all di-
rections and pushes at right angles to any surface in or surrounding
the fluid. This principle will be the basis for the hydraulic press. puvs

“Man Is only a reed, the weakest thing in nature; but he
is a thinking reed.”—Blaise Pascal, Fronch mathematician,
sciontist, and philosopher; seventeenth confury

L R R R ]

1648 The Taj Mahal, a massive marble and sandstone mausoleum, is
built in Agra, India, by Mughal leader Shah Jahan. THCH
1648 Iron production flourishes in the Massachusetts colony, developed
by John Winthrop Jr., son of the colony’s first governor. THCH
1650 Belgian astronomer Godefroy Wendelin calculates the sun’s distance

from the earth as being 240 times the moon’s distance. Though this
is less than the actual value (400 times), it is still more accurate than
Aristarchus’s old value of 20 times. See 200s B.C. ASTRO

1650 Italian astronomer Giambattista Riccioli discovers the first known
double star, Mizar. ASTRO

c. 1650 Anglican bishop James Ussher calculates from biblical genealogies
that the creation of the world took place in 4004 B.C., a finding that
will later be contradicted by geology. EARTH

1650 Between now and 1677, English anatomist and physiologist Francis
Glisson is the first to prove that muscles contract when performing
activity and to describe childhood rickets. He also lays the founda-
tion for modern knowledge of the anatomy of the liver. MED

1650 French mathematician Pierre de Fermat articulates the principle of
least time to describe the behavior of light, which he says travels
from one point to another in such a way that the travel time is as
short as possible. PHYS

1651 English physician William Harvey denounces what he sees as erro-
neous conceptions of animal generation, including the belief that
embryos are miniature versions of adult organisms. Harvey claims
instead that embryo growth involves the successive development of
structures. He also rejects the currently popular idea that the prima-
ry generative agent of reproduction is the male, arguing rather that

“ex ovo omina” (all creatures come from an egg). Bio
1651 The practice of whaling is popularized in Massachusetts by New
Bedford developer joseph Russell. BIO
1651 English physician Nathaniel Highmore discovers the maxillary
sinus. ) mmp
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1651

1654

1654

1655

1655

1656

1656

1656

1656

1657

1658

c. 1658

1658
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English philosopher Thomas Hobbes publishes his Leviathan, which
provides a rationalistic explanation for the existence of govern-
ments. In it he argues that humans voluntarily submit to absolute
authority in order to protect themselves from each other’s violent
tendencies. Hobbes will be considered the father of political sci-
ence. See also 1690, John Locke. soc

French mathematicians Blaise Pascal and Pierre de Fermat found
probability theory, developing methods for judging the likelihood of
outcomes in games of dice. MATH

German physicist Otto von Guericke demonstrates the force of air
pressure through experiments in which the muscle power of hu-
mans or animals competes with air pressure. PHYS

English mathematician John Wallis publishes his Arithmetica infini-
torum, in which he applies algebra to the treatment of infinite
processes. See 1635, Cavalieri. MATH

A book by Isaac de la Peyrére is publicly burned for hypothesizing
that unusually chipped stones found in France were made by hu-
mans before the time of Adam. PALEO

Dutch scientist Christiaan Huygens discovers the rings of Saturn,
explaining the oddness of the planet’s shape identified by Galileo in
1610. AsTRO

German anatomist Werner Rolfink demonstrates that a cataract is a
clouding of the eye lens, using executed criminals for his dissec-
tions. MED

English physician Sir Christopher Wren is the first to successfully in-
ject drugs into veins. MmiED

Christiaan Huygens invents an accurate pendulum clock, ushering in
a new era of precision in timekeeping. See also 1673, Huygens. taeu

English physicist Robert Hooke demonstrates that all bodies fall at
equal rates in a vacuum. PHYS

Johann Rudolf Glauber publishes Opera omnia chymica, an impor-
tant early work of chemistry. cHEM

Further experimenting with pendulum clocks, Christian Huygens
discovers that the cycloid curve is a tautochrone, a curve along
which a mass point in a gravitational field reaches its lowest point
in a time independent of the starting point. He also studies invo-
lutes and evolutes of cycloids and other curves. MATH

Dutch mathematician Jan de Witt devises kinematic and planimet-
ric definitions of conic sections. MATH
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1658

1659

c. 1660

1660

1660

Dutch naturalist Jan Swammerdam announces the discovery of the
oxygen-carrying element of the blood, red blood corpuscles (red
blood cells or erythrocytes). mED

Moravian educator Jan Amos Komensky (Comenius) stresses the
presentation of educational material in accordance with a child’s
developmental stages. He also introduces the planned school year
and group instruction formats. PSYCH

The modern sign for division (+) is introduced by German mathe-
matician Johann Heinrich Rahn. MATH

Dutch biologist Anton van Leeuwenhoek develops the single-lens
microscope, able to magnify nearly two hundred times. Although
not the first to invent microscopes, van Leeuwenhoek does more
with microscopy than many other scientists. In 1677, for instance,
he will discover the one-celled animals called protozoa as well as
sperm cells. See also 1632, van Leeuwenhoek. MED

Italian physician Marcello Malpighi discovers capillary circulation,
an important missing link in William Harvey’s 1628 discovery (q.v.)
of blood circulation. Mmip

Otto von Guericke designs a rotating sulfur globe that can be electri-
fied by rubbing, demonstrating the large-scale existence of static
electricity. PHYS

Irish chemist Robert Boyle publishes The Skeptical Chymist, a work
distinguishing scientific chemistry from medieval alchemy and
defining elements as substances that cannot be converted into any-
thing simpler. cHaM
British mathematicians John Graunt and William Petty compile the
first book on statistics, including the first mortality table (for
London residents). MATH

British king Charles II charters the scientific association known as
the Royal Society. Mmisc

Robert Boyle discovers Boyle’s law, that the volume of a mass of
gas at a constant temperature is inversely proportional to its pres-
sure. This argument is also called Mariotte’s law, after its indepen-
dent discovery by French physicist Edme Mariotte in 1676. This
principle supports the hypothesis that gases, and perhaps ali other
forms of matter, are made up of atoms that can be pressed closer

together. PHYS
Girolamo Cardano’s Book on Games of Chance is the first known
work on probability theory. MaTH
Italian astronomer Giovanni Alfonso Borelli discovers that a comet’s
orbit is a parabola. AsTRO
Isaac Newton discovers the general binomial theorem. MATH
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1667

1667
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Italian-born French astronomer Giovanni Cassini determines the ro-
tation rates of Mars and Jupiter. AsTRO

In his classic landmark book Micrographia,- English biologist Robert
Hooke publishes the first drawings of cells and is the first to use the
word cell to describe the living fibers he sees under a compound
microscope. 8Io

Blaise Pascal’s Treatise on Figurative Numbers, published posthu-
mously this year, widely disseminates the process of mathematical
induction. MATH

English mathematician and scientist Isaac Newton has his two most
fertile years of discovery. During this time he discovers the general
method of the calculus, which he calls the “theory of fluxions,” and
achieves his most important insights into gravitation and the compo-
sition of light. See 1666. Publication of his discoveries will await the
Principia (1687) and later works of 1704 and 1736. MATH

Dutch anatomist Fredrick Ruyson is the first to demonstrate the ex-
istence of valves in the lymphatics. MED

In a posthumous publication, Italian physicist Francesco Maria
Grimaldi reveals his discovery of the diffraction of light, the bend-
ing of light waves as they pass through an aperture or around a bar-
rier. See also 1801, Young. PHYS

Parisian government official Pierre Petit invents the filar micrometer,
a device for measuring very small distances, angles, or objects.  Tacn

Italian-French astronomer Giovanni Cassini discovers the polar ice
caps of Mars. AsTRO

English physician Thomas Sydenham uses Jesuits’ bark, containing
quinine, to treat malaria. MED

While working in his garden at Woolsthorpe, England, Isaac Newton
observes an apple falling from a tree and begins the train of
thought that will lead to his theory of universal gravitation, as ex-
pounded two decades later in the Principia (1687). PHYS

Experimenting with a prism, Newton discovers that color is a prop-
erty of light and that white light is composed of a spectrum of col-
ors. PHYS

English naturalist john Ray classifies plants by the number of their
seed leaves, establishing the categories of monocots and dicots. sie

Scottish mathematician James Gregory makes important advances
in infinitesimal analysis, including the extension of the Archimedean
algorithm to the quadrature of hyperbolas and ellipses. MATH
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Newton analyzing a ray of light. (C. Horne, Great Men and Famous Women,
Selmar Publishers, New York, 1894)

1667

June 15,
1667

English physician and microscopist Robert Hooke demonstrates
the function of the lungs by exhibiting the process of artificial
respiration. M

French physician Jean-Baptiste Denis carries out the first modern
blood transfusion by infusing twelve ounces of lamb’s blood into
a fifteen-year-old boy. The boy’'s health improves after the
procedure. MED

Isaac Newton invents the reflecting telescope. AsTRO
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1668

1669

1669

1669

1669

1669

1669

1670s

1670

1670
1670
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[talian naturalist and physician Francesco Redi experiments with
meat, both uncovered and covered in jars, and disproves that mag-
gots comes from decaying tissue. Although his results refute the
theory of spontaneous generation, they go unacknowledged by his
peers. B0

James Gregory discovers what is later called Gregory’s series, the
series for arctan x. MATH

German mathematician Nicolaus Mercator publishes the logarith-
mic approximation formula now known as Mercator’s Series. MATH

English mathematician John Wallis articulates the law of conserva-
tion of momentum, stating that the total momentum (mass times
velocity) of a closed system remains unchanged. PHYS

Italian anatomist Marcello Malpighi publishes his microscopic find-
ings on the anatomy of a silkworm. He shows the insect to have no
lungs, only a tracheal system distributing air through its body
through holes in its sides. sio

German chemist Hennig Brand discovers the element phosphorus. cxim

Isaac Newton writes De analysi per aequationes numero terminorum
infinitas, first published in 1711, It contains his infinite analysis
and the first systematic account of the calculus. Also for the first
time, an area is found through the inverse of what is now called
differentiation. MATH

English physician Thomas Sydenham advocates fresh air for
sickrooms, activity for tuberculosis sufferers, and simplified pre-
scriptions. MED

Danish geologist Nicolaus Steno proposes that fossils are the pet-
rified remains of ancient creatures, a view that is eventually
accepted. PALEO

While studying a crystal of Icelandic feldspar, Danish physician
Erasmus Bartholin observes the phenomenon of double refraction,
the apparent doubling of images when viewed through the crystal.
See also 1808. PHYS

Using a pendulum, French astronomer Jean Richer concludes that
the diameter of the earth is greater around the equator than from

pole to pole. EARTH
English mathematician Isaac Barrow develops a method of tangents
quite similar to that used in the differential calculus. MATH
Clocks are built with minute hands for the first time. THCH

A decimal-based system for measurement is developed by French
cleric Gabriel Mouton. , TacH
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1671

c. 1671

1671

1672

1673

1673

1673

1673

1674

1674

1674

The Paris Observatory, begun in 1667, is completed, under director
Giovanni Cassini, an Italian-French astronomer. ASTRO

Cassini discovers lapetus, a satellite of Saturn. He will later discover
other satellites of Saturn: Rhea (1672) and Tethys and Dione
(1684). AsTRO

Rice is cultivated in the colony of South Carolina. BiO

Isaac Newton writes a second account of the calculus; titled Method
of Fluxions. In it he also proposes eight new types of coordinate
systems, including what are now called bipolar coordinates, and
suggests what is known as Newton’s method for approximate solu-
tions of equations. This work will not be published until 1736. mam

German mathematician Gottfried Wilhelm Leibniz invents a calcu-
lating machine that multiplies and divides. MATH

French scientist N. Cassegrain invents the Cassegrain type of re-
flecting telescope. ASTRO

Astronomer Giovanni Cassini of the Paris Observatory, assisted by
Jean Richer, determines the distance of Mars from the earth and
uses it to calculate the scale of the solar system. His figure of 86
million miles for the sun’s distance from the earth is only 7 percent
off. AsTRO

Italian Marcello Malpighi describes a chick embryo’s development,
contributing to the early science of embyrology. See also 1621,
Fabrici. BIO

In 1673-1676, working independently from Isaac Newton,
German mathematician Gottfried Wilhelm Leibniz begins to devel-
op the calculus. MATH

Dutch scientist Christiaan Huygens publishes Horologium oscillatori-
um, a work on pendulum clocks (see 1656) that contains several im-
portant laws of mechanics, including the law of centripetal force,
Huygens's law for pendular motion, and the principle of conserva-
tion of Kinetic energy. PHYS

British chemist John Mayow identifies the action of oxygen in burn-
ing, or oxidizing, metals and in respiration. Oxygen itself will not
be isolated until Joseph Priestley’s work in 1774. CHEM

Pierre Perrault, a lawyer and government official in Paris, solves the
mystery of springs’ origins by proving that rainfall is more than suffi-
cient to supply the flow of springs and rivers. This analysis probably
marks the beginning of the study of the hydrologic cycle. SARTH

The tourniquet is invented to arrest hemorrhage. MED
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1675

1675

1675

1676

1676

c. 1677

1677

1678

1678

1678
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Between now and 1675, French philosopher and physicist Nicholas
de Malebranche expresses the belief that the human soul has two
kinds of faculties: the understanding and the will. The understand-
ing is passive, including sensory impressions, imagination, and
memory. The will consists of attitudes and inclinations. PSYCH

The Royal Observatory at Greenwich, England, is completed. Its di-
rector and first Astronomer Royal is John Flamsteed. AsTRO

Giovanni Cassini discovers the Cassini division, a gap in Saturn’s
rings. ASTRO

Danish astronomer Olaus Roemer makes the first reasonable esti-
mate of the speed of light: 141,000 miles per second, about three-
fourths of the actual value. PHYS

Isaac Newton writes a third account of the catculus, De quadratura
curvarum, in which he introduces the concept of prime and ulti-
mate ratios. This work will not be published for nearly thirty years.
See 1704, Newton. MATH

C T Ty

“If 1 have seen further, it is by standing on
the shoviders of giants.”=Sir Isaac Newion,
English mathematician and physicist; 1676

L T T T T Y

English physicist Robert Hooke articulates what has become known
as Hooke’s law, saying that within the limit of elasticity the stress
applied to a material is proportional to the strain that results in its
change in dimension or stretch. PUYS

With the microscope he invented c. 1660, Dutch scientist Anton
van Leeuwenhoek discovers microscopic organisms. Bio

Van Leeuwenhoek describes spermatozoa. Bio

After two years’ work on the island of St. Helena in the South
Atlantic, English astronomer Edmund Halley publishes the first cat-
alog of the southern stars. AsTRO

Dutch astronomer Christiaan Huygens’s Treatise on Light (published
in 1690) maintains that light consists of waves, whereas Newton
contends that light is made up of particles. PHYS

Brick, formerly used only for ovens and fireplaces, is used for an
entire house in Boston. THCH

76




THE TIMELINE BOOK OF SCIENCE 1679

1679

1679

1679

1680s

1680

1680

1680

1682

1683

1684

1684

Italian naturalist Marcello Malpighi observes the detailed struc-
ture of plant cells and publishes his findings in Anatomes plan-
tarum. At the same time, English naturalist Nehemiah Grew pro-
vides detailed, definitive descriptions of the sexual reproduction
of plant cells in The Anatomy of Plants (1682). Their work sets a
long-lasting standard for discussing cells as structural units and
also shows the connection between microscopic exploration and
cell study. IO

Robert Hooke becomes the first to formulate the movement of
planets as a mechanical problem, though his theory that gravita-
tional attraction varies inversely with distance from the sun is later
proven incorrect. See 1687, Newton. PHYS

French physicist Denis Papin invents the pressure cooker, the first
practical application of steam power. THCH

Swiss mathematicians Jakob (Jacques) and Johann (Jean) Bernouili
make a number of contributions to differential and integral cal-
culus as well as to the integration of many ordinary differential
equations. Jakob contributes the logarithmic spiral, the lemnis-
cate, and the isochrone. He also contributes to the study of polar
coordinates, the catenary, and isoperimetric figures. The two
brothers and Gottfried Wilhelm Leibniz devise and solve the
Bernoulli equation. MATH

The last dodo dies on the island of Mauritius in the Indian Ocean.
This flightless bird was exterminated by Dutch settlers, who arrived
in 1598. BIO

German biochemist Johann Joachim Becher proves that fermenta-
tion cannot happen without the presence of essential sugars. (1)

American entomologist John Banister classifies fifty-two American
insect species. BIO

Edmund Halley observes the comet that will be named for him after
his correct prediction, in 1705, that it will return in 1758. ASTRO

Dutch scientist Anton van Leeuwenhoek is the first to discover bac-
teria in the human mouth. BIO

In a posthumous publication, French astronomer Jean Picard
(1620-1682) reports a fairly accurate figure for the circumference
and diameter of the earth. These figures are the first real improve-
ment on those proposed by Eratosthenes in 240 B.C. EARTH

German mathematician Gottfried Wilhelm Leibniz publishes his
first paper on the calculus with a second following in 1686. He
coins the terms differential calculus and (with Jacques Bernoulli) in-
tegral calculus. MATH
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English mathematician John Wallis devises methods for working
with imaginary numbers. MATH

Edmund Halley produces the first meteorological world map show-
ing the prevailing tropical winds, which are monsoons and trade
winds. RARTH

Sir Thomas Sydenham is first to describe chorea (dancing mania), a
severe nerve disorder caused by the streptococcus responsible for
rheumatic fever. mED

Isaac Newton theorizes that the earth is an oblate spheroid slightly
flattened at the poles and bulging at the equator. EARTH

Newton publishes his greatest work, Philosophiae naturalis principia
mathematica (Mathematical Principles of Natural Philosophy), known
as the Principia. This work outlines the law of universal gravitation
and the three laws of motion. It also includes the first published
documentation of Newton’s discovery of the calculus (see
1665-1666) and several new theorems on conics. PHYS

In France, large sheets of glass are being made for mirrors and win-
dows, an innovation that will lead to the commonplace use of
panes of glass. THCH

Swiss mathematician Johann Bernoulli, often considered the inven-
tor of the exponential calculus, studies exponential curves. MATH

The oldest mathematical society still in existence, the
Mathematische Gesellschaft, is founded in Germany. MATH

In his Essay Concerning Human Understanding, English philosopher
John Locke (see 1632) opposes the belief in innate ideas, arguing
that the mind at birth is a blank slate that acquires all its knowledge
from experience. Locke’s ideas will influence philosophers David
Hume (see 1739) and George Berkeley (see 1709) and will form the
underlying basis for the twentieth-century American psychological
school of behaviorism. PSYCH

John Locke publishes Two Treatises on Civil Government, in which he
offers an alternative to Thomas Hobbes’s view of the origin of gov-
ernments (see 1651). In it Locke argues that human nature is good,
that people are born equal, free, and with certain inalienable rights,
and that people form a “social contract” to guarantee those rights.
Locke’s views will influence centuries of political theory and prac-
tice, notably in the U.S. Declaration of Independence and
Constitution. soc

English naturalist John Ray publishes a major classification of
organic life, The Wisdom of God Manifested in the Works of Creation,
bringing together information on the vast number of new plants and
animals discovered around the world over the last few centuries. sio
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THE PRINCIPIA

scientific work that contributes a small advance in knowledge

may be considered worthwhile; a work that contributes a momen-

tous advance may be considered great; but a work that con-
tributes several momentous advances is in another league altogether. Such
a work is Isaac Newton's Principia. Published in Latin late in 1687, it laid
the basis for the science of mechanics (the study of the interaction between
matter and forces) for over two centuries by defining the unifying principles
known as the laws of motion and the law of gravitation.

The three laws of motion govern the way bodies move in almost all situ-
ations, from the fall of a leaf to the collision of automobiles, from the spin-

. ning'of dancers to the orbits of planets. Although Albert Einstein showed in
1905 that Newton'’s laws of motion do not apply when objects move at rela-
tive speeds close to that of light, Newtonian mechanics still holds in most
human-scale circumstances.

The three laws of motion are:

1. A body at rest remains at rest, and a moving body continues to
move in a straight line at the same velocity unless acted upon
by external forces.

2. When a force acts upon a moving body, the rate at which its
momentum (mass times velocity) changes is proportional to,
and in the same direction as, the force applied.

3. When a force acts upon a body, the body exerts an equal force,
or reaction, in the opposite direction.

The Principia also presented Newton's law of gravitation, which states
that the gravitational force between two bodies is proportional to their
mass and inversely proportional to the square of the distance between
them. Einstein’s general theory of relativity (1916) brought new understand-
ing to the study of gravitation, but Newton’s law still holds well enough to
serve as the basis for such tasks as analyzing orbits and planning space
missions. In mathematical terms, Newton’s law of gravitation states:

m,m,
dZ

F=G

Where F is the force of gravitation between two bodies, G the gravita-
tional constant (a quantity equal to about 6.7 x 10™" m’ kg™ s°), m;m, the
masses qf the two bodies, and d° the square of the distance between them.
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Like Nicolaus Steno in Denmark (see 1669), English naturalist John
Ray argues that fossils are the remains of ancient creatures.  patso

John Ray continues to classify animals, sorting them on the basis of
hoofs, toes, and teeth. B0

In unpublished letters, German mathematician Gottfried Wilhelm
Leibniz makes the first Western reference to the method of deter-
minants. MATH

Edmund Halley prepares the first mortality tables, statistically relat-
ing human death rates to age. misc

Botany professor Joseph Pitton de Tournefort, considered at this
time to be the leader of French botanical thought, publishes
Elemens de botanique. It inventories and describes more than eight
thousand plants and devises an artificial classification system that
will be accepted until the work of Carolus Linnaeus in 1735. In
1719, this work is republished in English as The Complete Herbal. mio

English chemist Nehemiah Grew isolates magnesium sulfate, popu-
larly known as epsom salts. cHEm

Swiss mathematician Johann (Jean) Bernoulli discovers L'Hépital’s
rule on indeterminate forms, named for French mathematician
Guillaume Frangois Antoine de L'Hépital, who publishes it this year
in the first printed textbook on the differential calculus, Analyse des
infiniment petits. MATH

Swiss mathematicians Jakob (Jacques) and Johann (Jean) Bernoulli
solve the problem of the brachistochrone, the curve of quickest
descent for a mass point moving between two points in a gravita-
tional field, proving that this curve is a cycloid. As a result, they are
often considered the inventors of the calculus of variations.  mam

Edmund Halley undertakes the first ocean voyage for a purely sci-
entific purpose, to measure and map magnetic declinations all over
the world, such as the distance between the direction of the com-
pass needle and true north. RARTH

English engineer Thomas Savery invents a steam-driven pump, the
“miner’s friend,” for use in coal mining. ThCH

The London Stock Exchange opens. The New York Stock Exchange
will follow in 1792. THCH

Champagne is invented by French cellarer Dom Pierre Pérignon in
the abbey of d'Hautvilliers. TRCH

80




THE TIMELINE BOOK OF SCIENCE 1699

1699 French physicist Guillaume Amontons invents an air thermometer
that measures temperature by the change in gas pressure. Using this
device he shows that the volume of a fixed quantity of a gas increas-
es as the temperature rises and decreases as the temperature falls,
and that the rate of change in volume is the same for all gases. His
breakthrough is forgotten, however, until rediscovered by Jacques-
Alexandre-César Charles in 1787. See also 1802, Gay-Lussac. PHYS

L R

«j do not know what | may appear to the world, but fo myself
1 seem to have been only like a boy playing on the sea-shore,
and diverting myself in now and then finding a smoother
pebble or a pretiier shell than ordinary, whilst the great
ocean of truth lay all undiscovered before me.”—Sir Isaac
Newton, English mathematician and physicist; c. 1700

L Y ]

1700s Swiss naturalist and entomologist Charles Bonnet is the first to use
the term evolution to describe the concept that periodic catastro-
phes result in increasingly higher life forms. Blo
1700s Eastern Native American tribes are observed to keep wounds clean.

In clashes with European colonists this “primitive” treatment is of-
ten found to be effective. Native Americans also isolate the wounded
for treatment, while white soldiers are kept together in infirmaries,

where they often die of hospital-acquired infections. mER
1700s “Idiot cages” are used to confine and display mentally iil people,
usually as a source of public entertainment. PSYCH

e R — -~ "

Cages used to house the mentally ill in the eighteenth century. (Germanisches
National Museum, Niirnberg)
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In England the straitjacket is invented to restram agitated asylum
patients. PSYCH

Ole Remer of Denmark invents the meridian telescope. ASTRO

German chemist George Ernst Stahl proposes that objects burn or
rust because they lose a combustible substance called phlogiston, a
theory disproved by Antoine-Laurent Lavoisier in 1772. cHEM

Gottfried Wilhelm Leibniz explains that any base such as 10, 12, or
2 can be used for positional notation and that a system with a base
of 2, the binary system, is particularly useful. This system, consist-
ing of the symbols 1 and 0, will one day become the basis for digi-
tal computers. MATH

Native American women have long been using quinine, sassafras,
datura, ipecac, cascara, and witch hazel to treat minor illnesses and
injuries. All of these substances will become part of modern phar-
macopeia. MmED

Italian physician Bernardino Ramazzini publishes a work describing
forty occupational diseases. He is the first to write on the subject. mso

French physicist Joseph Sauveur coins the term acoustics for de-
scribing the relations of musical tones. PHYS

English farmer Jethro Tull invents a multirow machine drill for
planting three lines of seeds simultaneously, which decreases
waste and increases productivity. THCH

Dutch chemist William Homberg discovers boric acid. cHEM

David Gregory, Savilian Professor of Astronomy at Oxford, publish-
es Astronomiae physicae & geometricae elementa, the first textbook
of astronomy based on Newtonian principles. RARTH

The Daily Courant, the first daily newspaper, begins publication in
London. Three years later the first regular newspaper in the American
colonies, the weekly News-Letter, is published in Boston. ECH

Isaac Newton, a member of the Royal Society since 1672, is elect-
ed president of that body, a post in which he will serve until his
death in 1727. Misc

Newton publishes De quadratura curvarum, written in 1676. This is
the first clear published account of Newton’s version of the calcu-
lus, though hints of it had appeared in the Principia (1687).  mam

Newton publishes Enumeration of Curves of [the] Third Degree, the
first work devoted solely to graphs of higher plane curves in alge-
bra, written about 1676. MATH
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1704

1704

1705

1705
1705
1705

1706

1706

1707

1708

1709

1709

In his Optics Newton theorizes that light is made up of particles
called corpuscles, a view that conflicts with Christiaan Huygens’s
wave theory of light (see 1678). Newton also argues that white light
is made up of the colors of the spectrum. PHYS

German mathematician Gottfried Wilhelm Leibniz finishes his New
Essays on Understanding, in which he disputes John Locke’s theory
that empirical knowledge is humans’ only source of truth. Leibniz
says the human mind has innate intelligence, inborn ideas, truths,
dispositions, habits, and potentials. This book, with its nativist
views, goes unpublished until 1765. PSYCH

Edmund Halley theorizes that the comet of 1682 is a regular visitor,
observed since antiquity (see 240 B.C., China), and correctly predicts

it will return seventy-six years later, in December 1758. ASTRO
The Royal Observatory of Berlin is established. ASTRO
Queen Anne knights English scientist Isaac Newton. Mmisc

Experimenting with a clock inside a vacuum, English physicist
Francis Hauksbee shows that sound can travel only in a fluid medi-
um such as air. PHYS

The Greek letter pi is first used as the symbol for the ratio of a cir-
cle’s circumference to its diameter. MATH

Francis Hauksbee invents a crank-operated glass sphere that can
produce an intense charge of static electricity. PHYS

Swiss mathematician Leonhard Euler, one of the most productive
mathematicians in history, is born (d. 1783). He will publish 560
books and papers during his lifetime and hundreds more will be
published afterward. He will contribute to every mathematical field
of his day as well as to such related areas as astronomy, hydraulics,
artillery, shipbuilding, and optics. His systems of notation will re-
main standard to the present day. MATH

The United East India Company is formed in England from smaller
trading companies, making it the premier shipping firm for import-
ing fabrics, foods, and military materials like saltpeter. TECH

English empirical philosopher George Berkeley publishes his Essay
towards a New Theory of Vision, in which he agrees with John Locke
that all knowledge comes from experience and depends on human
perception. PSYCH

English ironworks master Abraham Darby shows that coke, a deriv-
ative of coal, can be used instead of wood-based charcoal to smelt
iron. This discovery greatly increases the market for coal and im-
proves iron production. With the invention of the Newcomen en-
gine (see 1712), this breakthrough marks one of the starting points
of the industrial revolution in England. TECH
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The Pennsylvania rifle, invented in England’s American colonies, is
a substantial improvement on the preferred firearm of the day, the
smooth-bore musket. TECH

English blacksmith Thomas Newcomen invents the steam engine
that bears his name, which uses steam to drive a piston to generate
power. This device is more efficient than Thomas Savery’s steam-
driven “miner’s friend,” of 1698. THCH

Ars conjectandi (The Art of Conjecturing), by Swiss mathematician
Jakob Bernoulli, published this year posthumously, becomes the
first substantial book on the theory of probability. It contains the
first full proof of the binomial theorem for positive integral powers
as well as the Bernoulli numbers, which will be useful in writing in-
finite series expansions. MATH

The first schooner is built, by Scottish-American captain Andrew
Robinson in Massachusetts. Schooners will become important to
the growing American fishing industry. THCH

German physicist Daniel Gabriel Fahrenheit invents the mercury
thermometer and the Fahrenheit scale. TECH

A total solar eclipse, visible in Britain and parts of Europe, is the
first such eclipse to be so widely anticipated as to draw large num-
bers of astronomers as observers. Edmund Halley prepares maps
charting the predicted path of totality. ASTRO

English mathematician Brook Taylor publishes the Taylor series,
along with other components of the caiculus, in his Methodus incre-
mentorum. MATH

Boston preacher Cotton Mather writes that his Negro slaves prac-
ticed smallpox inoculation in Africa by applying serum from the
pustule of an infected person into an incision made on a healthy in-
dividual. Greek physician Emmanuel Timoni draws attention to
primitive smallpox vaccination techniques in such places as China
and central Europe, where smallpox scabs are used to infect
healthy people and produce immunity. MED

Edmund Halley discovers the “proper motion” (independent move-
ment) of stars, contradicting the ancient theory that the stars are
fixed. ASTRO

Potatoes, originally an Andean crop, are introduced to Boston, their
first appearance in England’s American colonies. B0

French-born English mathematician Abraham de Moivre publishes
his Doctrine of Chances, an important work on probability. MATH

M. A. Capeller publishes Prodomus crystallographiae, the earliest
known treatise on crystallography. T PHYS

The possibility of cross-fertilizing corn is established. si0
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1724

1725

1725

1727

c. 1727

Mar. 20,
1727

1727

1728

1728

German physicist Daniel Gabriel Fahrenheit describes the super-
cooling of water. PHYS

John Flamsteed’s three-volume Historia coelestis Britannica, pub-
lished posthumously, catalogs some three thousand stars. AsTRO

Plaster of Paris is used to cast metal printing plates, reducing cost
and improving the efficiency of printing by letterpress. TECH

L T T T T TR T TN

“Natvure, and Nature’s laws lay hid in night;
God said, Let Newton bhe! and all was light.”
—Alexander Pope, English poet;
eighteenth confury

“It did not last: the Devil howling ‘Ho!
Lef Einstein bel’ restored the status quo.”
=~J. C. (Sir John) Squire; in a twentieth-
confury answer fo Pope

L TR T R R RN )

In Vegetable Staticks English botanist Stephen Hales reports on his
work with plant fluid flows and plant respiration. This book also de-
scribes experiments determining the generation or depletion of air
by various substances. These discoveries later reinforce the claim
of Hales to be one of the founders of modern plant physiology. mie

Swiss mathematician Leonhard Euler introduces the letter e to rep-
resent the base of the system of natural logarithms. This notation
will become standard. MATH

Sir Isaac Newton, the first scientist to be buried in Westminster
Abbey, dies in London. misc

A basic property of photography is discovered by German chemist
J. H. Schulze, who determines that light, not heat, activates the
chemicals involved in the process of deriving silver salts from silver
nitrate. TECH

English astronomer James Bradley discovers the aberration of
starlight, the apparent displacement of a star’s position due to the.
orbital motion of the earth. This finding gives the most definite
proof to date that the earth moves in space. ASTRO

Danish navigator Vitus ]. Bering, working for Czar Peter the Great,
discovers the passage now called the Bering Strait, proving that
North America is not connected by land to Asia. EARTH
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British-educated physician John Hunter (d. 1793), considered the
founder of experimental and surgical pathology, is born in
Scotland. He will introduce a flexible tube passed into the stomach
for artificial feeding, be first to study teeth scientifically, and argue
that aneurysms from arterial disease should be tied off. Hunter will
also posit that blood is alive and that the human embryo is, in each
stage, a completed form of a lower order of the species. MED

French scientist Louis Bourget distinguishes between organic and
inorganic growth. si0

English scientist Stephen Gray theorizes that electricity is a fluid
and discovers that some substances are electrical conductors but
others are nonconductors, or insulators. PHYS

Dutch physicist Pieter van Musschenbroek is one of the first people
in modern times to use the word “physics,” a term dating back to
Aristotle, to mean natural philosophy. PHYS

English naturalist Henry Baker begins his essays on the micro-
scope, introducing it to the lay public. One of his most significant
finds will be his observation of various crystal shapes. si0

In England, Lord Charles Townshend determines that livestock can
be maintained throughout the year, most importantly in the winter,
on turnips rather than on seasonally grown feed. This discovery al-
lows beef to be available year-round. TECH

American mathematician Thomas Godfrey and English inventor
Jjohn Hadley independently invent the reflecting quadrant, the pre-
cursor of the modern sextant. ASTRO

In a posthumous work, Swiss mathematician Jakob Bernoulli intro-
duces Bernoulli numbers. MATH

French mathematician Alexis-Claude Clairaut identifies the Clairaut
differential equation. MATH

British chemist and physicist Henry Cavendish, discoverer of hy-
drogen, is born (d. 1810). His studies on electricity, unpublished
until 1879, anticipate the work of such later scientists as Charles de
Coulomb, Michael Faraday, and Georg Ohm. He will also perform
the first calculations of the gravitational constant and of the earth’s
mass and density. PHYS

American inventor and statesman Benjamin Franklin improves and
enlarges the postal service by streamlining routes throughout the
colonies. THCH

German philosopher Baron Christian von Wolff develops the field
of rational psychology, a subdivision of empirical psychology that
depends more on reason than experience. PSYCH
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1733

1733

1733

1734

1734

1735

1735
1735
1735

1736

1736

1736

1736

1736

Swiss mathematician Leonhard Euler publishes a seminal work of
modern mathematical analysis. MATH

French physicist Charles-Frangois de Cisternay du Fay distinguishes
“vitreous” from “resinous” electricity, noting that each attracts the
other but repels itself. This finding links electricity to magnetism,
which exhibits similar patterns of attraction and repulsion. rHYS

English weaver John Kay invents the flying shuttle, which vastly im-
proves on the hand loom and simplifies the industrialization of tex-
tile production. THCH

French entomologist René de Réaumur begins publishing the
first of a six-volume work on insect history that was completed
in 1742. Bio

English bishop George Berkeley publishes The Analyst, an attack on
the intellectual basis of the calculus, the theory of fluxions. It spurs
Scottish mathematician Colin Maclaurin to respond with a defense
entitled Treatise of Fluxions (1742). MATH

Swedish naturalist Carolus Linnaeus presents his first system of
plant classification, Systema naturae, sorting flora according to the
number of their stamens and pistils. This will lead to further
botanical classification, including Linnaeus's use of binomial
nomenclature to record plant genera and species. Linnaeus’s
method of classification will persist to the present day. B0

Swedish chemist Georg Brandt discovers the element cobalt.  cwm
Spanish scientist Antonio de Ulloa discovers the element platinum. ewam

Geographic expeditions to equatorial and polar regions confirm Isaac
Newton’s 1687 theory that the earth is an oblate spheroid. RARTH

French chemist Henri-Louis Duhamel du Monceau is the first to dis-
tinguish potassium salts from sodium salts. cHam

French surgeon Jean-Louis Petit distinguishes between cerebral
compression and concussion, paving the way for different—and
more successful—treatments of injury. MED

New York City’s Bellevue Hospital has its beginnings as a room in
the public workhouse for those who are physically sick or mentally
ill. It will open officially as a hospital in 1812. mEp

Swiss mathematician Leonhard Euler writes Mechanics, the first
book to be devoted to that subject. With analytical methods it de-
velops Newton’s dynamics of the mass point. PHYS

The chronometer is introduced by British inventor John Harrison.
Used in conjunction with a quadrant, it can aid a navigator in pin-
pointing his longitudinal position. TECH
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Eskimo parka made of birdskins from St. Lawrence Island
area explored by Vitus Bering. (National Museum of
Natural History)

1737 Biblia naturae, by Dutch naturalist Jan Swammerdam, is pub-
lished posthumously. It introduces discoveries and conclusions
drawn from Swammerdam’s microscopic experiments with dis-
sected insects. sio

1738 Planned excavation begins at Pompeii and Herculaneum in Italy.
(see 79 and 1592). ARCH

1738 Dutch diplomat Benoit de Maillet suggests an “ultra-Neptunian” the-
ory, that the earth’s surface was shaped by the action of a universal
ocean. EARTH

1738 Swiss physicist Daniel Bernoulli publishes what will be called the
Bernoulli theorem, stating that at any point in a pipe of flowing fluid
the sum of the pressure energy, kinetic energy, and potential energy
is constant. Following Boyle (see 1662), Bernoulli makes his expla-
nation in terms of the movement of atoms comprising the fluid. PHYS

1739 Swiss naturalist Abraham Trembley discovers the hydra, giving rise
to speculation by some scientists that the freshwater polyp may
represent a link between the animal and vegetable kingdoms.  sio
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1739 French explorers Pierre and Paul Mallet become the first Europeans
to see the Rocky Mountains. EARTH
1739 Physicist George Martine shows that the amount of heat in an ob-
ject is not proportional to its volume. PHYS
1739 Scottish philosopher and diplomat David Hume publishes A

Treatise on Human Nature, claiming that complex ideas are formed
from simple ones based on three laws of association: resemblance,

continuity, and cause-and-effect relationships. PSYCH
1739 Glass is manufactured in what will become the state of New Jersey
in a factory set up by German-American businessman Caspar
Wistar. TECH
1740 Swiss entomologist Charles Bonnet discovers that female aphids
can reproduce without fertilization. B0
1740 Antonio Moro publishes a significant study of marine fossils. pawse
1740 Sheffield steel, a superstrong cast steel produced. in airless cru-
cibles, is introduced by Englishman Benjamin Huntsman. TaCH

L T Y Y

“Couvld not one say that since, in the accidental combination
of Nature’s productions, only those could survive which found
themselves provided with certain appropriate relationships,
it is no wonder that these relationships are present in all the
species that actvally exist? These species which we see today
are only the smallest part of those which a blind destiny
produced.”=—P.-L. M. de Mauperivis, French sclentist,
suggesting in Essal de cosmologi (1741) certain natural
processes that were fo be more fully expounded by
Charles Darwin in The Origin of Species (1859)

L T T T T T T Ty

1741 Indigo is harvested in South Carolina, beginning a dyestuffs indus-
try in that region. Bio
1741 Vitus ]. Bering is the first European to reach Alaska, on his second
voyage. Russia claims and explores the Aleutian Islands and Alaska
until selling them to the United States in 1867. BARTH
1741 Irish physician Fielding Ould draws attention to the benefits of cut-

ting the female perineum during delivery to prevent the baby’s
head and shoulders from tearing the woman’s pelvic floor. This

procedure will become known as episiotomy. MED
1742 Using the hydra, Swiss naturalist Abraham Trembley makes the
first permanent tissue graft. si0
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German-Russian mathematician Christian Goldbach frames
“Goldbach’s conjecture”—that any even number greater than 2 can
be expressed as the sum of two prime numbers. The conjecture
has never been either proven or disproven. MATH

Swedish astronomer Anders Celsius invents the Centigrade or
Celsius scale of temperature, which will eventually supersede the
Fahrenheit scale (see 1714) except in the United States. ™meH

Coal is mined in Virginia for the first time in the region. TCH

Benjamin Franklin invents the Franklin stove, which heats a room
by circulating preheated air. Also known as a Pennsylvania fire-
place, this lean-to-shaped stove contains an air box and is posi-
tioned inside a fireplace. TECH

French mathematician Alexis Claude Clairaut explains how to com-
pute gravitational force at a given latitude. AsTRO

French physicist Jean Le Rond d’Alembert formulates d’Alembert’s
principle: In a closed system of moving bodies, actions and reac-
tions are in equilibrium. PHYS

Swiss mathematician Leonhard Euler discovers transcendental
numbers, numbers that can never be a solution to a polynomial al-
gebraic equation (as distinguished from algebraic numbers).  mam

Leonhard Euler publishes the first exposition of the calculus of vari-
ations, including Euler’s equations. MATH

Russian physicist Mikhail V. Lomonosov proposes correctly that
heat is a form of motion. PHYS

French physicist Pierre-Louis de Maupertuis formulates the princi-
ple of least action: Nature operates in such a way that action—the
product of force, distance, and time—is at a minimum. PHYS

Dutch physicist Pieter van Musschenbroek of the University of
Leyden and German physicist Ewald Georg von Kleist independent-
ly invent the Leyden jar, the first practical device for storing static
electricity. PHYS

Swiss mathematician Leonhard Euler uses the wave theory of light
to develop a mathematics of the refraction of light. PHYS

American philosopher and theologian Jonathan Edwards writes on
psychological questions in relation to religion. His Treatise
Concerning Religious Affections will be considered one of the first
books of psychology written by an American. Edwards believes that
there is no free will; that all human choices are made by God. esven

French mathematician Alexis-Claude Clairaut publishes the first ap-
proximate resolution of the three-body problem, examining how
three celestial bodies interact. ASTRO
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1747

1747

1747

Scottish physician James Lind shows, in the first controlled dietary
study, that citrus fruits cure scurvy. MED

American scientist and inventor Benjamin Franklin argues against
du Fay’s theory of 1733 that there are two electrical fluids, suggest-
ing instead that there is only one, of which an excess could be
called positive, a deficiency negative. PHYS

Theorizing about vibrating strings, French physicist jean Le Rond
d’Alembert publishes the general solution of the partial differential-
wave equation in two dimensions. PHYS

R R R L)

“We are vnder obligation to the ancients for having

exhausted all the false theories that couvid be formed.”

1748

1748

1748

1748

1748

—Bernard Le Bovier, Sieur de Fontenelle,
French philosopher; eighteenth century

R R

James Bradley discovers the nutation (wobbling) of the earth’s axis,
an irregular periodic oscillation of the earth’s poles caused by per-
turbation from the sun and moon. ASTRO

Swiss mathematician Leonhard Euler publishes Introductio in
analysin infinitorum, which establishes the strictly analytic treat-
ment of trigonometric functions. This book contains the Euler iden-
tities, an algebraic theory of elimination, an exposition on infinite
series, and a chapter on the Zeta function. MATH

Welsh Catholic priest Father john T. Needham claims to have
proven spontaneous generation by cooking meat, cooling it, then
reheating it. He claims to have identifed animalcules in the broth,
which ‘appear spontaneously. The erroneous belief that living or-
ganisms can be generated directly from lifeless matter will persist
for another century. i mEp

French physicist Jean-Antoine Nollet discovers osmosis, the pas-
sage of a solvent such as water through a semipermeable mem-
brane separating two solutions that have different concentrations.
He also identifies osmotic pressure, the pressure required to stop
the flow from a pure solvent into a solution. In osmosis the solvent
tends to flow from the weaker to the stronger solution until the two
are equal in concentration or osmotic pressure is applied. See also
1877, Wilhelm Pfeffer. PHYS

French philosopher Julien Offroy de La Mettrie pioneers French ma-
terialism. In his book L’Homme-machine (Man as Machine), he argues
that the body and soul are mortal and that life and thought are noth-
ing more than the nervous system’s mechanical action. PSYCH
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In the first volume of his book Natural History, French naturalist
George-Louis de Buffon disagrees with earlier classifications by
Andrea Cesalpino and Carolus Linnaeus, claiming that nature’s life
chain has small gradations from one type to another and that the
discontinuous categories are artificially constructed. He also sug-
gests that organic species are descended from a few primordial
types in a process of evolution through degeneration from perfect
to less perfect forms. BIO

Swedish naturalist Carolus Linnaeus describes how nature limits
competition between species by allotting each its own geographical
location and placement in the food chain. He claims that reproduc-
tive rates and predators maintain a species’ proper numerical pro-
portions. BIO

In his Natural History, French naturalist Georges-Louis Leclerc de Buffon
speculates that the earth formed seventy-five thousand years ago
through collision of the sun with a comet. Though incorrect, these spec-
ulations open the door to further study of the age of the earth. EARTH

French scientist Pierre Bouguer notes the “Bouguer correction,” ob-
serving that the lessening of the pull of gravity with altitude is par-
tially compensated for by the gravitational attraction of the inter-
vening rock. EARTH

Scottish astronomer Alexander Wilson is the first to use kites for
exploring the properties of the atmosphere, attaching thermome-
ters to them to try to measure temperatures at a height. EARTH

British physician and biologist David Hartley describes positive af-
terimages for both auditory and visual stimuli, such as the glow
from a flame after it goes out and the sound of a bell after it has
stopped ringing. This theory of vibrations and his hypothesis that
the mind and body always work together make Hartley the origina-
tor of physiological psychology. PSYCH

Swiss mathematician Gabriel Cramer publishes Cramer’s rule (actu-
ally discovered by Scottish mathematician Colin Maclaurin as early
as 1729) for solving simultaneous equations by determinants. mATH

Swedish mineralogist Baron Axel F. Cronstedt discovers the ele-
ment nickel. CHEM

Paris physician Jean-Etienne Guettard discovers a region of extinct
volcanoes in Auvergne, France. BARTH

The first public hospital in Britain’s American colonies is organized
in Philadelphia. MED
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1751-1752 French scientist Denis Diderot and physicist Jean Le Rond

1751

1752

1752

1752

1752

1753

1753

1754

1754

1754

1754
1754

1755

d’Alembert publish the first volume of the Encyclopédie. The first
modern encyclopedia, it takes a rational approach to “the sciences,
the arts, and customs.” Misc

Flying a kite attached to a metal key in a thunderstorm, Benjamin
Franklin proves that lightning is electricity. PHYS

French physician Jacques Daviel originates modern lens extraction
as a cure for cataracts. MED

French physicist Jean Le Rond d’Alembert formulates certain prin-
ciples of hydrodynamics. PHYS

Building on his studies of lightning and electricity, Benjamin
Franklin invents the lightning rod. TECH

Publicly funded globe streetlights are installed in Philadelphia, the
first such lighting system in Britain’s American colonies. TECH

Chemist C. G. Junine demonstrates that the element bismuth is dif-
ferent from lead. CHEM

The Conestoga wagon, a transport vehicle for persons and cargo, is
popularized by the Pennsylvania Dutch. It is named for the town
where it was developed. TECH

French scientist Denis Diderot revives the theory of Empedocles of
Acragas that, in the past, various animal organs thrived indepen-
dently and random combinations of these organs were eventually
joined to create modern animals. Bio

Swiss naturalist Charles Bonnet details the nutritional value of
plants. Bio

Scottish chemist Joseph Black heats limestone (calcium carbonate),
producing carbon dioxide and lime (calcium oxide). On finding that
the process can be reversed by combining calcium oxide with car-
bon dioxide or simply leaving calcium oxide in the open air, he dis-
covers that carbon dioxide must be a component of air. This exper-
iment is important as the first to apply quantitative analysis to
chemical reactions. CHEM

Scottish physician William Smellie pioneers midwifery by men. map

Swiss-French philosopher Jean-Jacques Rousseau publishes his
Discourse on the Inequalities of Men. In this and The Social Contract
(1762), Rousseau expounds his influential views about the “noble”
natural condition of humans, the corrupting influence of civilization,
and the formation of the social contract to correct inequalities. ~ so¢

German philosopher Immanuel Kant speculates about the existence
of distant collections of stars or “island universes.” AsTRO
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PIECES OF AIR

ince the time of the ancient Greeks, air was considered to be a dis-

crete element, impossible to break down further. Not until the eigh-

teenth century did it become clear that air was made up of several
different gases. In experiments beginning in 1754, Scottish chemist Joseph
Black discovered that a lump of lime (calcium oxide) would gradually turn
to limestone (calcium carbonate) if left in the open air. He had already es-
tablished that this reaction required the addition of the gas we call carbon
dioxide. Clearly, carbon dioxide was part of air, but experimentation
showed that it could not support combustion or animal life. What was it
living things breathed?

Black asked his student Daniel Rutherford to look into this question. In
1772, Rutherford burned a candle in a closed container until the flame went
out. When Rutherford used chemicals to draw out the carbon dioxide in the
container, he found that a large quantity of another gas was left over. It,
too, failed to support life or combustion. Eventually this gas became known
as nitrogen, because it was also found in niter (potassium nitrate).

The breathable component of air was discovered by English chemist
Joseph Priestley in 1774. He found that mercury, heated in air, produced a
red powder called mercuric oxide. When it was heated in a sealed contain-
er, it broke down into mercury and some sort of gas. Priestley found that
this gas not only supported the processes of respiration and combustion
but enhanced them.

It was French chemist Antoine-Laurent Lavoisier who determined the
relative proportions of the known atmospheric gases. In experiments in the
1770s he found that after mercury was heated to produce mercuric oxide,
about four-fifths of the air in the closed container still remained. He con-
cluded that this gas, which did not support life, was Rutherford’s gas nitro-
gen. Priestley’s gas, which Lavoisier called oxygen (Greek for “acid produc-
er”), represented the other fifth of the air. Black’s gas, “fixed air” or carbon
dioxide, was present in only marginal quantities.

Lavoisier’s figures were roughly correct, though other components of air
have since been found and more exact estimates made. It is now known
that nitrogen and oxygen make up about 99 percent (nitrogen 78.08 per-
cent, oxygen 20.95 percent) of the gases in earth’s atmosphere. The rest is
mostly argon (0.93 percent) and carbon dioxide (0.03 percent). Neon, heli-
um, methane, krypton, hydrogen, xenon, and ozone are also present in
minute traces.
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Nov. 1,
1755

1755

1756

1756

1757

Dec. 25,
1758

1758

1758

1758

1760s

1760s

1760
1760

1760

1760

A disastrous earthquake befalls Lisbon, sparking increased interest
in geological phenomena. BARTH

Swiss mathematician Leonhard Euler publishes Institutiones calculi
differentialis, an influential textbook on differential calculus, fol-
lowed in 1768-1774 by Institutiones calculi integralis. MATH

English physicist John Canton observes magnetic storms in the
earth’s magnetic field. . RARTH

In Berlin, physician and metallurgist Johann Gottlob Lehman pub-
lishes Versuch einer Geschichte von Flotzgeburgen, an important geo-
logic account. He recognizes stratified rocks (Flotzeburge) as being
of sedimentary origin, distinct from igneous (veined) rock.  mARTH

The modern sextant, used to chart navigation, is developed by
British seaman John Campbell. i TECH

As predicted by Edmund Halley in 1705, the comet of 1682 re-
turns, the first such return ever predicted. The object is named
Halley’s Comet in his honor. ASTRO

Erench botanist Henri du Monceau describes tree structure and
physioclogy. : sio

German chemist Andreas Sigismund Marggraf invents a technique
called the flame test for identifying different substances by noting
the colors of their flames when heated. cHam

Swedish chemist Axel F. Cronstedt begins to classify minerals by
their chemical structure as well as appearance when he distinguishes
four classes of minerals: bitumens, earths, metals, and salts. cm

French mathematician Jean Le Rond d’Alembert formulates the
limit concept in calculus. MATH

English researcher Arthur Young uses questionnaires to survey
the population. Questionnaires and case studies, which are also
developed in this century, will become basic tools of social sci-
ence research. so¢

In London, the Kew Botanical Gardens opens. B0

Scottish chemist Joseph Black shows that mercury has a greater
heat capacity than water in that a quantity of mercury heats faster
than an equal one of water does. This experiment marks the begin-
ning of the scientific study of heat. cHIM

German physicist Johann H. Lambert introduces the term albedo for
the varying rates of reflection of the planets. PHYS

Between now and 1762, Dutch anatomist Pieter Camper publishes
Demonstrationum anatomico-pathologicarum, a two-volume work
comparing anatomy in different human races. soc

95



1761
1761

1761

1761

1761
1761

1761

1761

1762

1762

1763

c. 1764
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Mikhail V. Lomonosov discovers the atmosphere of Venus while ob-
serving that planet’s transit across the sun. AsTRO

Joseph-Nicolas Delisle of Paris organizes astronomers around the
world to observe the transit of Venus across the sun. jeremiah
Horrocks and Edmund' Halley had already promoted the idea that
simultaneous observations of this rare event from different places
on earth would allow scientists to determine the distance to Venus
and the sun. Observations are made this year and at the transit of
1769. The next transits (which always come in pairs eight years
apart) are not until 1874 and 1882. AsTRO

French evolutionist Jean-Baptiste Robinet publishes the first volume
of a five-volume work in which he claims that the Creator made or-
ganic beings on a scale and that they all have the internal energy to
move upward toward the top, where humans are. Robinet also
posits that all matter contains life and even inorganic matter can
evolve into a living organism. BiO

In France the first veterinary school is founded. Bio

German physician George Christian Fuschel publishes a lengthy ar-
ticle dealing with the stratigraphy of the area of Thuringa. Notably,
it introduces the (still current) sense of formation as the primary
unit of the study of rock strata. Fuschel correlates strata by means
of index fossils. : BARTH

German mathematician Johann H. Lambert proves that pi is an
irrational number. ) MATH

Italian physician Giovanni Morgagni becomes the father of morbid
anatomy after linking certain postmortem findings with disease
symptoms experienced by the dying. MID

British astronomer James Bradley completes a catalog of 60,000
stars. AsTRO

Scottish chemist Joseph Black discovers latent heat, the quantity of
heat absorbed or released when a substance changes its physical
phase at constant temperature (e.g., from solid to liquid or liquid to
gas). CHEM

German botanist J. G. Kélreuter publishes the results of his experi-
ments on plants by animals carrying pollen. sio

Scottish philosopher Thomas Reid becomes the first member of the
so-called Scottish School of psychology, objecting to empiricism
and associationism. Reid disagrees with the principles of associa-
tion which say that all human knowledge is experience. He propos-
es, in part, the theory now known as faculty psychology, that the
mind is an organized unity with the ability to act on needs such as
self-preservation, desire, self-esteem, pity, and gratitude. PSYCH
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1765

1765

1765

1766

1766

1766

1767

1767

1768

1768-1771

The first system for measuring and naming sizes of type is devel-
oped by French engraver Pierre Simon Fournier and outlined in his
work Manuel typographique. THCH

Geologist Nicolas Desmarest, the inspector-general of manufactures
in France, discovers prismatic basalt to be of volcanic origin. sAmTH

Swiss scientist Horace Bénédict de Saussure invents the electrome-
ter, a device for measuring voltage differences without drawing an
appreciable amount of current from the source. TRCH

The steam engine is refined by Scottish engineer James Watt. With
its separate chamber for condensing the steam, this engine super-
sedes the Newcomen engine of 1712 in its efficiency. It will be
patented in 1769. See also 1698, Savery. TECH

German astronomer Johann Daniel Titius or Tiety of Wittenberg
discovers that the distances of the known planets from the sun are
proportional to the terms of the series 0, 3, 6, 12 ... Johann E.
Bode, director of the Berlin Observatory, will publish this finding in
1772, hence its common name Bode’s law. This “law” will later be
found to apply to Uranus (discovered in 1781) but not Neptune
(1846) and Pluto (1930). It is therefore not a universal law but an
observation about certain planets of the solar system. ASTRO

British chemist Henry Cavendish discovers an inflammable gas he
calls fire air, produced by reaction between acid and certain met-
als. It is now known to be the etement hydrogen. See 1784,
Cavendish. cHEM

The as-yet-unidentified element nitrogen, generated by an electrical
charge, is used to enrich soil in experiments conducted by chemist
Henry Cavendish. THCH

Nevil Maskelyne, Astronomer Royal, begins annual publication of
the British Nautical Almanac, describing the position of celestial
bodies at specific times, for use in navigation. ASTRO

British chemist joseph Priestley publishes The History and Present
State of Electricity, in which he suggests that electrical forces, like
gravitational ones, increase or decrease in inverse proportion to the
square of the distance. This book also contains the first detailed ac-
count of Benjamin Franklin's kite experiment. See 1751. PHYS

Italian biologist Lazzaro Spallanzani determines that food can be
protected from microorganisms by being sealed to prevent air pen-
etration. sio

During an around-the-world voyage on the H.M.S. Endeavor, British
naturalist Joseph Banks collects 3,607 plant species, some 1,400 of
which had not previously been identified. BIO
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n addition to discovering ammonia, sulfur dioxide, and the gas now

known as oxygen, eighteenth-century theologian and chemist Joseph

Priestley also invented carbonated water. While living near a brewery
in 1768 he appropriated some of its carbon dioxide and added it to house-
hold water. The carbon dioxide infused the water with a tartness and Sfizz
now associated with refreshments like soda pop (when sugar and flavorings
are added), quinine or tonic water (when quinine is added), or club soda or
seltzer (in its unadulterated form).

FIZZY WATER

1768

1768

1768

1769

1769
1769

1769

1769

1769

Chemist joseph Priestley dissolves carbon dioxide in water to pro-
duce carbonated water, now called seltzer or soda water and the
basis of all future carbonated soft drinks. CHEM

On an expedition from 1768 to 1771, British navigator James Cook
charts the coasts of New Zealand and the eastern coast of what is
then called New Holland. He realizes that the latter is large enough
to be a continent; it comes to be called Australia. BARTH

French physicist Antoine Baumé invents the graduated hydrome-
ter, which uses the Baumé scale for specific gravities of liquids. ren

This year’s transit of Venus (see 1761, Delisle) is observed from
such far-flung places as Tahiti (visited by Captain James Cook),
Siberia, and Ireland. Data from the transits of 1761 and 1769 will
be used to determine the distance from the earth to the sun—and
hence the scale of the solar system—with greater accuracy than
ever before. AsTRO

Wine grapes are first planted in California. L)

French chemist Antoine-Laurent Lavoisier develops methods of
quantitative chemistry through which he disproves the ancient
Greek theory that water boiled fong enough will be partially con-
verted into sediment. cHEm

British surgeon Percivall Pott publishes treatises on tuberculosis of
the spine (Pott’s disease) and a particular fracture of the leg with the
dislocation of the foot outward and backward (Pott’s fracture). map

A spinning frame that can produce thread sturdy enough for appar-
el is invented by British manufacturer Richard Arkwright. TN

Scottish engineer James Watt patents the steam engine he de-
veloped in 1765, which will play a major role in the industrial
revolution. TECH
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c. 1770s

1770

1770

1770

c. 1770

1770

1771

1771

1771

1771

1772

1772

Danish biologist Otto F. Miiller devises a dredge to collect samples
of living organisms from the ocean’s floor. RARTH

Swiss entomologist Charles Bonnet maintains his stand that the fe-
male of a species contains miniature forms of all future generations
in her body, stating further that catastrophic evolution occurs occa-
sionally, at which time these miniatures within the females evolve
upward. Bonnet will later predict that this type of evolution will al-
low inorganic matter to live, animals to reason, and humans to be-
come angels. 810

British chemist joseph Priestley collects and studies water-soluble gas-
es, including ammonia, sulfur dioxide, and hydrogen chloride.  cuam

Swedish pharmacist Carl Wilhelm Scheele discovers tartaric acid. cuim

Italian physiologist Lazzaro Spallanzani experiments with artificial
insemination in dogs and proves that sperm is necessary for fertil-
ization of the ovum. mEp

British inventor James Hargreaves patents the spinning jenny,
which helps automate textile manufacturing. THCH

Some two hundred years after his death in 1565, Opera botanica,
by Swiss naturalist Konrad von Gesner, is published in
Nuremburg. B0

Joseph Priestley discovers that plants produce a substance that sup-
ports combustion and animal breathing, a substance he will identi-
fy as oxygen three years later. cHEM

Fossils of ancient humans and extinct cave bears are found togeth-
er in Germany. PALEO

British philologist Sir William Jones discovers relationships
among Latin, Greek, and Sanskrit that will lead to reconstruction
of Indo-European and the development of modern comparative
philology. soc

British chemist Daniel Rutherford discovers the element nitrogen. cusm

French chemist Antoine-Laurent Lavoisier disproves Georg Ernst
Stahl’s 1700 theory that a loss of a combustible substance called
phlogiston causes burning, discovering instead that burning or rust-
ing objects combine with some substance in the air, later shown to
be oxygen. CHEM
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Burning Glass designed for Antoine Lavoisier made to use sunlight for heat for
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experiments. (Oeuvres de Lavoisier, Paris)

1772

1772

1772

1773

1773

1774

By burning a diamond and producing carbon dioxide, Lavoisier dis-
covers that diamonds consist of carbon and are related to coal.  cuEm

Austrian physician Franz Anton Mesmer claims that mental power
(magnetism) exerts extraordinary influence on the human body. By
1775, he will be calling this healing power animal magnetism and
claiming it has medicinal value. Mesmer will use this popular form
of hypnotism to cure patients until the French government investi-
gates his theory, finds against it, and mesmerizing falls into disre-
pute. PSYCH

Rubber is named by British scientist Joseph Priestley for its ability
to erase penciled errors through rubbing. TECH

Through microscopic and chemical experiments. French scientist
Hilaire-Marin Rouelle discovers potassium and sodium in human
and animal blood. Bi0

In Virginia, the Williamsburg Eastern Lunatic Asylum, the first offi-
cial U.S. asylum for the mentally ifl, is founded. PSYCH

The Shakers, a religious sect from England, settle in the American
colonies. Among their accomplishments in animal husbandry will
be the breeding of the Poland China hog, a hybrid of a U.S. domes-
tic hog and the Big China hog. Versatile and hardy, it will become a
staple of U.S. livestock. TECH
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1774

Joseph Priestley discovers the element oxygen. Swedish chemist
Carl Wilhelm Scheele had independently discovered it in 1772, but
he failed to publish before Priestley and forfeited the credit for the
discovery. CHEM

The same year that he is scooped by Priestley, Scheele discovers
the eleménts chlorine, manganese, and barium—but fails to get
undisputed credit for any of them. Swedish mineralogist Johan
Gottlieb Gahn completes his discovery of manganese this year and
gets credit for it. Barium (found in 1808) and chlorine (1810) are
usually credited to British chemist Humphry Davy, who first identi-

fied them as elements rather than compounds. cHEM

DIAMONDS ARE NOT FOREVER

ne of the more expensive ways of producing carbon dioxide is to

burn a diamond. This is precisely what French chemist Antoine-

Laurent Lavoisier did in 1772. First he and some fellow chemists
pooled their funds to buy a diamond; then, they heated it to a high enough
temperature to burn it. The result was a container of very costly carbon
dioxide, demonstrating a link between diamonds and carbon. By the end of
the eighteenth century, British chemist Smithson Tennant and French
chemist Guyton de Morveau had shown that diamonds are a form of pure
carbon that can be converted to graphite. Graphite and carbon are al-
lotropes of carbon—two forms of the same element that differ only in their
crystal structures. A diamond’s atoms bond to one another in a tightly
packed tetrahedral arrangement, making it very dense and very hard. But
the more stable form of the element is the lowly graphite, in which the
atoms are arranged in loosely stacked but durable layers. Over millions of
years, in fact, diamonds tend to turn into graphite. In geologic terms, then,
diamonds are not forever.

If diamonds can be turned into graphite, can graphite be turned into dia-
monds? Only by applying temperatures and pressures great enough to break
up the graphite and pack the carbon atoms into the dense tetrahedral shape.
Chemists tried to do this all through the nineteenth and early twentieth cen-
turies but could not achieve the necessary conditions. Then, in 1955, scientists
at General Electric succeeded in reaching pressures of 100,000 atmospheres
and temperatures of 2,500° C. Using chromium as a catalyst, they succeeded
in turning graphite into diamonds. In 1962, at still higher temperatures and
pressures, they did the same thing without the aid of a catalyst. They had
shown that Lavoisier’s conversion process of two hundred years earlier was
reversible, though considerably easier in one direction than the other.
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Danish entomologist Johan Christian Fabricius classifies insects by
their mouth structure. BIO

Joseph Priestley identifies hydrochloric and sulfuric acid. CHEM

British surgeon Percivall Pott gives the first clear example of occu-
pation-related cancer, in chimney sweeps who develop cancer of
the scrotum from prolonged exposure to soot and ashes. MrD

Italian physicist Alessandro Volta invents a device that can both
generate and store static electricity. See also 1800, Volta. PHYS

The first patent for a flush toilet is issued to British inventor
Alexander Cummings, though such toilets will not become com-
mon until the nineteenth century. THCH

Swedish chemists Carl W. Scheele and Torbern Olof Bergman inde-
pendently discover uric acid. cHEM

American physician and statesman Benjamin Rush signs the
Declaration of Independence. He will become surgeon general of
the Continental Army, on the staff at Pennsylvania Hospital (where
he will found the first free dispensary in the United States), and be

. treasurer of the U.S. Mint from 1797 to 1813. In 1812 he will pub-

lish the first U.S. treatise on psychiatry. - MED

Chemist Matthew Dobson proves that the sweetness in diabetic
blood and urine is due to sugar and suggests that diabetes is not a
kidney problem but rather a malfunction of metabolism and di-
gestion. ' mmp

British social philosopher Adam Smith publishes An Inquiry into the
Nature and Causes of the Wealth of Nations, the founding work of
classical economics. In it Smith argues for a laissez-faire approach
to the market in which individuals pursuing their own interests im-
prove the condition of society as a whole. soc

German anatomist and natural historian Johann Friedrich
Blumenbach publishes On the Natural Varieties of Mankind, which
divides the human race into American Indian, Caucasian,
Ethiopian, Malayan, and Mongolian branches. He also postulates
that Caucasians were the original human race which then “degen-
erated” into the other divisions under different environmental de-
mands. $0C

The submarine is first used in combat, during the American
Revolution. This seven-foot vessel, called the Connecticut Turtle, is
designed by David Bushnell of wood, iron, and pitch. Driven by a
hand-cranked propeller, it attempts unsuccessfully to sink British
warships in New York harbor. TECH
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1778

1779

1779

1780

1780

c. 1780

1780

1780

1780

French naturalist Georges-Louis Leclerc de Buffon introduces what
is referred to as the needle problem, the first example of a geomet-
ric probability. MATH

French physicist Charles-Augustin de Coulomb invents the torsion
balance, a weight scale that relies on the force required to twist, or
apply torsion to, a wire or fiber. TECH

Swedish chemist Carl Wilhelm Scheele discovers the element
molybdenum, though he often loses credit for the discovery to
Swedish mineralogist Peter Jacob Hjelm. CHEM

Dutch botanist Jan Ingenhousz proves that green plants give off
oxygen in the presence of sunlight and that their roots, flowers,
and fruits exude carbon dioxide in the absence of light. He also
shows that plants get carbon from the atmosphere, not from the
soil. B0

Swiss geologist Horace-Bénédict de Saussure coins the term geology
and correctly describes the movement of glaciers. EARTH

Italian anatomist Luigi Galvani observes that dissected frog legs
twitch when electricity is applied and when making contact with two
different metals. Though he is wrong in concluding that animal tissue
is the source of electricity, his experiments will spur further research
into electricity, including that of Alessandro Volta in 1800. Bi0

German geologist Abraham Gottlob Werner, who will come to be
known as the father of historic geology, publishes the influential arti-
cle Kurze Klassification und Beschreibung de verschiedenen
Gebirgsatzen. Although he is a neptunist (see 1738, de Maillet), be-
lieving that the earth’s lands precipitated out of a universal ocean,
Werner will be renowned for his careful definitions, classification of
minerals, and application of chronology to rock formations.  EARTH

British physician David Pitcairn is first to note that rheumatic fever
can damage the heart. MED

Italian physiologist Lazzaro Spallanzani proves that digestion is a
chemical reaction to gastric juice. MED

Scottish physician John Brown develops the Brownian (Brunonian)
system of medicine, which sees all body tissues as excitable and
life as the result of stimuli acting on tissues. Disease, Brown be-
lieves, is caused by either excessive or insufficient stimulation. His
preferred treatments for disease are opium and alcohol. MED

In London, British physician James Graham establishes the Temple
of Health and Hymen for the treatment of fertility. After paying
Graham fifty guineas, infertile and impotent couples use the elabo-
rate “temple” and “grand celestial bed” in hopes of conceiving chil-
dren of unusual beauty and physique. MED
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Geologists in central Germany study the Buntsandstein and
Muschelkalk fossil beds, which date respectively from the early and
middle Triassic periods. See 1834, von Alberti. PALEO

An automated flour mill is developed by American merchant Oliver
Evans. It operates by a water-powered conveyor belt. THCH

French astronomer Charles Messier catalogs 103 nebulae, or patch-
es of luminous cloud that later turn out to be galaxies. AsTRO

German-English astronomer William Herschel discovers Uranus,
the seventh planet from the sun and the first to be discovered by
telescope. ASTRO

French mineralogist René-just Haliy founds the modern science of
crystallography when he discovers that crystals are built on succes-
sive additions of a unit cell with a constant geometric shape, which
he believes may be determined by its chemical composition.  cuem

Czechoslovakian mathematician-and priest Bernhard Bolzano
makes numerous discoveries that do not become widely known
and are later rediscovered by others, including the arithmetization
of the calculus and the recognition of pathological functions. mam

A smallpox outbreak among Spanish settlers in Texas spreads
north to Canada. More than 130,000 Native Americans die, halving
the populations of the Blackfoot, Cree, Arapaho, Shoshoni, and
Crow peoples. MED

Physicist Johan Carl Wilcke introduces the idea of specific heat, the
quantity of heat required to raise the temperature of a given sub-
stance by a given amount. PHYS

German philosopher Immanuel Kant argues against the empiricist
viewpoint that all human beings are born with equal potential and
are the product of education and environment. In his Critigue of
Pure Reason Kant takes instead the nativist viewpoint, stressing
that inherited characteristics and inborn intuitions frame human
experience but are not dependent on it. PSYCH

After three months of construction, the first all-iron bridge is put into
operation, in Shropshire, England. The 378-ton bridge spans 100
feet. The iron for the bridge was cast by Abraham Darby I, grand-
son of ironworks master Abraham Darby. See 1709. THCH

British astronomer John Goodricke suggests that the star Algol has a
dark companion that circles and periodically eclipses it. See 1889,
Vogel. - AsTRO

While investigating a badger intestine, German zoologist Johann
Melchior Goeze identifies the hookworm. BiO

Scottish engineer James Watt patents a double-acting rotary steam en-
gine, which improves significantly on his steam engine of 1769.  maen
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THE GEORGIAN PLANET

ive planets, all of them visible to the naked eye, have been known

since ancient times: Mercury, Venus, Mars, Jupiter, and Saturn.

By the eighteenth century, it was understood that the earth itself
is a planet orbiting the sun, bringing the tally to six: Not until 1781 was a
seventh planet discovered: Uranus.

Ironically, Uranus had been visible all along. On a clear, dark night it
can be seen dimly—dimly enough that the ancients never noticed it. It took
amateur astronomer William Herschel (1738-1822), using a telescope of
his own invention, to discover this object. Born in Germany, Herschel was a
musician by trade, working as a chapel organist in Bath, England.
However, he had a taste for astronomy and a talent for optics that allowed
him to build telescopes with far better resolution than those used by the
professionals of the time. On a Tuesday night, March 13, 1781, watching
the skies with such a telescope, he noted a “curious either nebulous Star or
perhaps a Comet.” By its disklike shape and characteristic orbit it was
proven to be a planet, the first to be discovered since antiquity.

The name of the new planet was uncertain for some time. Herschel
wanted to call it the Georgian Planet after George IIl, then king of Britain;
for his loyalty. Herschel was appointed private astronomer to the king in
1782. Others suggested Planet Herschel, while others pressed for a name
drawn from Greco-Roman mythology, in keeping with the names of the oth-
er known planets. The latter tradition finally won out and the planet was
named for Uranus, the mythological father of Saturn. The precedent was
maintained when the eighth and ninth, planets were discovered: Neptune in
1846 (named for a brother of Jupiter) and Pluto (a son of Saturn) in 1930.

1782

June 1783  Jacques and Joseph Montgolfier of France send up the first fying
balloon, filled with smoke. THCH
1783 Spanish mineralogists juan José and Fausto d’Elhuyar y de Suvisa
discover the element tungsten. cHEM
1783 Swedish chemist Carl W. Scheele discovers the compound glyc-
erine. CHEM
1783 British ironworks master Henry Cort improves wrought-iron pro-
duction by developing a system for puddling iron. TECH
Nov. 21, Frenchmen Jean Pilatre de Rozier and the Marquis Frangois
1783 d’Arlandes make the first manned free-balloon flight, reaching a

height of about 500 feet and traveling about 5.5 miles during their
twenty-minute flight. THCH
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of Scottish inventor James Watt. The terrier-sized steam-driven model ran
through the streets at six to eight miles an hour, and, according to legend,
scared the village parson half to death. A concerned Watt asked Murdoch
not to conduct any more such experiments.

Twenty years later, in 1804, British inventor Richard Trevithick was the
Jirst to put a full-sized steam locomotive on rails. The result was Sfar more

THE FIRST LOCOMOTIVE

he first working steam locomotive did not run on rails and carried
no passengers. It was a model 14 inches high and 19% inches
long, built in England in 1784 by William Murdoch, an employee

influential.
1784 German-English astronomer William Herschel observes distorting
mists or clouds on Mars. ASTRO
1784 Austrian mineralogist Franz joseph Miiller discovers the element
tellurium. cHEM
1784 British chemist Henry Cavendish discovers that water is composed
of hydrogen and oxygen, from which he gives hydrogen its name
(from the Greek for “water former”). cHEM
1784 Swedish chemist Carl W. Scheele identifies citric acid. CHEM
1784 French chemist Gaspard Monge liquefies sulfur dioxide, the first
substance normally known as a gas to be liquefied. cHEM
1784 American physician John Jeffries flies a balloon over London to col-
lect air samples at various heights. BARTH
1784 French aeronaut Jean-Pierre-Frangois Blanchard invents the para-
chute and he makes and survives the first jump. LARTH
1784 American inventor and statesman Benjamin Franklin invents bifo-
cal lenses. mEp
1784 Iralian physician Domenico Cotugno discovers cerebrospinal fluid,
the water cushion that protects the brain and spinal cord from
shock. M
1784 British physicist George Atwood determines the acceleration of a
free-falling body. PHYS
1784 Jean-Baptiste Meusnier designs the first powered balloon with a

crew cranking three propellers on a single shaft to enable the ellip-
tically shaped balloon to reach speeds of about 3 mph. THCH
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1786

1786

1786

1786

1786
1787

1787

1787

William Herschel theorizes that the Milky Way is a flattened system
of stars, or a galaxy. His estimates of the galaxy’s diameter and
thickness are overly conservative. ASTRO

Pierre Simon de Laplace publishes his Theory on the Attraction of
Spheroids and the Shape of Planets, which contains what is now
known as the Laplace equation. This partial differential equation de-
scribes electromagnetic, gravitational, and other potentials. ~ Astro

British physician William Withering describes the correct use of
digitalis to treat heart failure. MID

French scientist Charles de Coulomb defines Coulomb’s law: The
force between two stationary electric charges is proportional to the
product of the charges and inversely proportional to the square of
the distance between them. PHYS

For the first time, in Nottinghamshire, England, a textile plant is
powered by steam. TECH

William Herschel will publish three catalogs listing 2,500 nebulae.
These will become the basis for the New General Catalogue (NGC) of
1864 and 1888. ASTRO

Frenchmen Michel-Gabriel Paccard and Jacques Balmat become the
first to climb to the summit of Mont Blanc, the highest peak in the
Alps. This feat wins them a prize and inaugurates the modern sport
of mountain climbing. EARTH

The durable linen-wool fabric called linsey-woolsey is developed
and popularized by American tradesmen. TECH

A nail-making machine is invented and patented by Massachusetts
inventor Ezekiel Reed. TECH

The first grain thresher that works by sandwiching grain between a
moving cylinder and a curved metal sheet is invented by Scottish
agricultural engineer Andrew Meikle. TECH

English gunsmith Henry Nock invents a breech-loading musket. TaeH

William Herschel discovers Titania and Oberon, two moons of
Uranus. ASTRO

French scientists Jacques-Alexandre-César Charles (in 1787) and
Joseph-Louis Gay-Lussac (in 1802) rediscover Guillaume
Amontons’s forgotten 1699 law that at constant pressure, all gases
expand by the same amount for a given rise in temperature. This
principle is now sometimes called Charles’s law. cHEM

French chemist Antoine-Laurent Lavoisier and colleagues publish
The Method of Chemical Nomenclature, a systematic approach to
naming chemical substances and processes. This system soon
gains universal acceptance among chemists. cHam
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1787 French chemist Claude-Louis Berthollet identifies the composition
of ammonia, hydrogen sulfide, and prussic acid. cHEm
1787 A large fossil bone discovered in New Jersey and reported on by

Caspar Wistar and Timothy Matlack (though the find goes unpublished:
and unverified) may be the first dinosaur bone ever collected.  pawse

L T T R R R X Y

“The indifferent state of agricvliure among us does not
proceed from a want of knowledge merely. It is from our
having such quantities of land fo waste as we please. In
Europe the object is to make the most of their land, labor
being abundant; here it is to make the most of our labor,

land being abundant.”—Thomas Jefferson, commenting on
America; in Notes on Virginia, 1782

L T T T T E Y

1787 Danish philologist Rasmus Christian Rask is born (d. 1832). In addi-
tion to compiling the first usable Anglo-Saxon and Icelandic gram-
mars, he will publish important work on the relationships of the
Indo-European languages. soc

1787 In two separate events, the first steamboats are demonstrated by
U.S. inventors, one on the Potomac River, by James Rumsey, the
other on the Delaware, by John Fitch. THCH

1787 The processes of grinding grain and sifting flour are automated by
a system developed by U.S. inventor Oliver Evans, simplifying the
labor and time needed to produce bread. THCH

1788 In a posthumous publication, Swedish mineralogist Torbern Olof
Bergman (d. 1784) presents tables of affinities marking the extent
to which given chemicals interact, including predictions about reac-
tions as yet unobserved. ‘ cHEM

1788 French mathematician joseph-Louis Lagrange formulates the func-
tion now called Lagrangian that expresses the difference between
kinetic and potential energy for every point in an object’s path. puys

1788 In his Analytical Mechanics, Joseph-Louis Lagrange works out gener-
al equations through which algebra and calculus, rather than geom-
etry, can be used to solve mechanical problems. PHYS

German-English astronomer William Herschel discovers the
Saturnian moons Mimas and Enceladus. AsTRO

Herschel completes the world’s then-largest telescope, a reflecting
telescope with a 48-inch mirror. AsTRO
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1789

1789

1789

1789

1789

1790

French botanist Antoine-Laurent de Jussieu is one of the first to at-
tempt sorting and assigning plants under a “natural” classification
system when he classifies them into natural families like grasses,
lilies, and palms. B0

German chemist Martin Heinrich Klaproth discovers the elements
uranium and zirconium. CHEM

French chemist Claude-Louis Berthollet shows that, contrary to the
accepted belief, not all acids contain oxygen. CHEM

In a textbook on chemistry, Antoine-Laurent Lavoisier states the
principle of conservation of mass: In a closed system, the total
amount of mass remains the same regardless of physical or chemi-
cal changes. This law will eventually be revised by Einstein in his
1905 law of the conservation of mass-energy. cHEM

Corn-based bourbon whiskey is first produced in the Kentucky ter-
ritory, by a minister named Elijah Craig. ‘ THCH

American engineer and entrepreneur Samuel Slater (1768-1835)
opens the first working U.S. cotton mill. With ironmaster David
Wilkinson, Slater builds a mill from plans used for similar plants in
England. This event marks the beginning of the industrial revolu-
tion in the United States. TECH

1790 model of the 48-spindle water frame used by Samuel Slater in Rhode

Island. (Smithsonian Institution)
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William Herschel discovers planetary nebulae, shells of gas sur-
rounding certain stars. AsTRO

R R R Y R Y R R R R )

“Seeoing is in some respect an art, which must be learnt. To
make a person see with such a power is nearly the same as If
I were to make him play one of Handel’s fugues upon the
organ.”—William Herschel, German-English astronomer and
organist, on seeing through a telescope; eighteenth century

1790

1790

1791
1791

1791

1791

1791

1791

1792

1792

R R R R R R

A French government commission including such scientists as
Lagrange, Laplace, and Lavoisier begins to define the metric system
of measurement. mise

British archaeologist John Frere finds stone tools and the fossil re-
mains of extinct animals at Hoxne, Suffolk, England. PALEO

British minister William Gregor discovers the element titanium. eusm

German chemist Jeremias Richter defines the principle of stoi-
chiometry, specifying the fixed relative proportions in which chem-
ical substances react. cHm

From Freiberg, German mineralogist A. G. Werner publishes Neue
Theorie von den Enstehung der Ginge, dealing with the formation of
ore deposits, an extension of his theory on the origin of rocks. sarm

French physicist Pierre Prévost shows that cold is the absence of
heat and that all bodies radiate heat continuously. PHYS

French author Donatien-Alphonse-Frangois de Sade, better known
as the Marquis de Sade, publishes the novel Justine, in which he de-
scribes the sexual gratification derived from inflicting pain on a
loved one, an abnormal sexual practice later called “sadism.” psyen

The French National Assembly recommends making an attempt to
standardize measurements for the meter and quadrant. They sug-
gest that the meter represent one ten-millionth part of a quadrant
of the surface of the earth and the gram one cubic centimeter of
water at 4° C. THCH

The Mint of the United States opens, to produce coins based on a
decimal system. THCH

American Eli Whitney invents the cotton gin, a cylindrical machine
that quickly separates cotton fibers from seeds, a task that is slow
and laborious by hand. The new invention vastly increases cotton
production and increases the South’s dependence on slaves to pick
the cotton to be processed by the gin. ‘ THCH
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1793

1794

Eli Whitney’s ptent for the cotton gin, 1794. (National Archives)

German botanist Christian Sprengel (1750-1816) describes the
plant pollination process, emphasizing the influence of winds and
insects in cross-pollination. sio

Irish barrister and scientist Richard Kirwan attacks Scottish geolo-
gist James Hutton’s uniformitarian (see 1795, Hutton) and vulcanist
ideas. Vulcanists, who also included Scottish philosopher William
Hamilton (1788-1856) and French geologist Nicolas Desmarest
(1725-1815), believed that basaltic rocks were the product of vol-
canic lava flow. 3 BARTH

German physicist Ernst Chladni argues that meteorites are extrater-
restrial in origin. AsTRO

111



1794
1794

1794

1794

c. 1794

1794

1794

1795

1795

1795

1795

1795

c..1.795

THE TIMELINE BOOK OF SCIENCE

Finnish chemist johan Gadolin discovers yttrium, the first known
rare earth element. It will not be completely isolated from other el-
ements until Swedish chemist Car! Gustaf Mosander does so about
1843, cHEM

British chemist Elizabeth Fulhame publishes her Essay on
Combustion, in which she develops a theory of combustion as a
process combining oxygenation (combination with oxygen) and re-
duction (restoration of oxygenated bodies). cHEm

French mathematician Adrien-Marie Legendre publishes his highly
influential textbook Elements of Geometry. MATH

Italian surgeon and anatomist Antonio Scarpa describes certain vi-
tal parts of the human anatomy which will be named for him:
Scarpa’s fascia, Scarpa’s fluid, Scarpa’s femoral triangle, and
Scarpa’s membrane and ganglion. M

In the first military use of a balloon, Frenchman Jean-Marie Coutelle
makes two observation flights over the enemy’s camp. TECH

In Pennsylvania the Lancaster Road, a toll road, opens to join
Lancaster and its surrounding areas with the Philadelphia area. vuen

German poet Johann Wolfgang von Goethe claims two archetype
plans exist for living beings. One archetype is for the animal world
and one is for the plant world. 81O

In his Theory of the Earth Scottish naturalist James Hutton elabo-
rates the “uniformitarian principle” that geological processes, such
as erosion, work at a more or less uniform rate. The principle im-
plies that the earth is much older than previously believed.  uanm

Between now and 1797, Mungo Park becomes the first European
to explore the Niger River. RARTH

French mathematician Gaspard Monge publishes Feuilles d’'analyse.
In this and his 1802 memoir with Jean-N.-P. Hachette, he system-
atizes solid analytic geometry and elementary differential geometry
in what approximates their present state. These works include the
two Monge theorems. MATH

German mathematician Carl Friedrich Gauss discovers, indepen-
dently of Leonhard Euler, the law of quadratic reciprocity in num-
ber theory. MATH

German-Austrian physician Franz Joseph Gall begins writing on
phrenology, the science of the mind. He claims that personality can
be judged by physical appearances, especially skull characteristics,
and argues that qualities such as honesty and depravity are directly
associated with bumps and ridges of the skull over specific brain
regions. PSYCH
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1795

1796

1796

1796

May 14,
1796

1797

1797

1797

1797

1797

Sensory psychophysiologist Ernst Heinrich Weber is born in
Wittenberg, Germany (d. 1878). He will be the first to study touch
and kinesthesis, in elaborate experiments. He will also discover a
major psychophysical principle, which Gustav Fechner will identify
as Webet’s law, that the just-noticeable increment in stimulus inten-
sity is a constant fraction of the intensity already present. PsYCH

The Springfield flintlock musket is developed and named the first
official piece of U.S. weaponry. The musket derives its name from
its town of origin, Springfield, Massachusetts, the site of the first
American arsenal in 1794. THCH

French astronomer Pierre Simon de Laplace publishes his theory
that the solar system formed by condensation from a cloud of gas.
This “nebular hypothesis” is the basis of present-day theories of the
solar system’s origin. AsTRO

Chemist J. T. Lowitz isolates pure ethyl alcohol. cHEM

German mathematician Carl Friedrich Gauss invents a method for
constructing a heptadecagon (a polygon with seventeen sides of
equal lengths) with compass and straight edge, and shows that an
equilateral -heptagon (a polygon with seven equal sides) could not
be built the same way. His discoveries, which mark the first no-
table advance in geometry since ancient Greece, show the value in
mathematics of proving impossibility. MATH

British physician Edward Jenner inoculates the arm of eight-year-
old James Phipp with pus from a cowpox sore on a milkmaid’s
arm. The boy develops a similar sore, but does not get sick. Then
in July Jenner inoculates Phipp with smallpox, proving that the mild
cowpox infection had protected him from smallpox. By 1823
Jenner’s treatment will be practiced throughout the world, making
smallpox the first disease to be conquered by vaccination. MED

German astronomer Heinrich Wilhelm Olbers devises new meth-
ods for calculating the parabolic orbits of comets. ASTRO

French naturalist Georges Dagobert, Baron Cuvier, publishes his
Tableau élémentaire de I'histoire naturelle des animaux, the founding
work of comparative anatomy. mio

Baron Cuvier adopts the term phylum (from the Greek for tribe) for
a taxonomic category more general than the class but more specif-
ic than the kingdom. Phylums represent the basic body plans of or-
ganisms. BlO

French chemist Louis-Nicolas Vauquelin discovers the element
chromium. ‘ cHEM

Scottish geologist Sir James Hall pioneers work in high-pressure, high-
temperature mineralogy (later called experimental petrology).  =ARmH
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1797 British physician William Hyde Wollaston discovers uric acid, the
end product of purine metabolism, in gouty joints, linking the
cause and effect of gout. MID
1797 While studying blood pressure, physician Jean Poiseuille formulates
laws governing the passage of fluids through narrow tubes. PHYS
1797 Cigarettes, small cigars in paper wrappers, are produced in Cuba. Tacn
1798 French astronomer Pierre Simon de Laplace proposes the existence
of the objects later known as black holes. ASTRO
1798 French chemist Vauquelin discovers the element beryllium.  cusm

L Y Y

“population, when unchecked, Iincreases In geomeftrical
ratio. Subsistence increases only in an arithmetical ratio.”
=~Thomas Robert Malthus, English economist, explaining why
vnchecked population growth should lead to famine;
in An Essay on the Principle of Population, 1798
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1798 French chemist Louis-Bernard Guyton de Morveau succeeds in lig-
uefying ammonia, until then known only as a gas. cHEM
1798 British chemist Henry Cavendish determines the gravitational con-
stant, the only unknown to date in Newton’s law of gravitation, and
the mass and density of the earth. . PHYS
1798 British physicist Benjamin Thompson demonstrates that heat

should be understood as the increased motion of particles when
heated, not as a type of fluid (caloric), as previously believed. puvs

1798 British economist Thomas Robert Malthus publishes his Essay on
the Principle of Population, in which he argues that population tends
to increase in geometric progression but food supply in arithmetic
progression, so that population will tend to outstrip food supply un-
til it is reduced by famine, disease, or war. soc

1798 Eli Whitney refines mass production through the development of
jigs, metal patterns that allow for consistent duplication of parts.
This development will help to form the American system of mass
production. THCH

1798 The printing process of lithography is developed by Bavarian print-
er Aloys Senefelder. Operating through the incompatibility of oil
and water, this technique uses oil-based ink to print images, while
paper not meant to accept images is water treated, thus rejecting
the ink. THCH
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1799

1799

1799

1799

A French soldier in Napoleon’s army invading Egypt discovers an
inscribed black stone near the town of Rosetta. The inscription on
this, the Rosetta Stone, is found to date to 197 B.C. and is written in
three languages: Greek and two forms of Egyptian hieroglyphics.
The stone enables scholars (see 1822) to learn to read ancient
Egyptian texts. ARCH

I R R R R R L]

#Soldiers! Forty ceniuries gaze down vpon you.”
—Napoleon Bonaparte, French emperor and general;

on seeing the Great Pyramids of Giza, 1799

Y R R L R

Wwilhelm von Humboldt observes the Leonid meteor shower, a peri-
odic event that will later (see 1866) be found to be associated with
a comet. ASTRO

From now to 1825, Pierre Simon de Laplace’s five-volume work
Celestial Mechanics is published, summarizing and extending cur-
rent knowledge. Laplace shows that the solar system is stable, de-
spite periodic perturbations. ASTRO

French chemist Joseph-Louis Proust articulates Proust’s law or the
law of definite (constant) proportions: The proportions of the ele-
ments in a compound are always the same, no matter how the
compound is made. CHEM

The British Mineralogical Society is founded. BARTH

In his dissertation at Helmstedt, German mathematician Carl
Friedrich Gauss gives the first rigorous proof of what he calls the
“fundamental theorem of algebra.” MATH

English geologist William Smith suggests that rock strata can be
identified by their characteristic fossils. This system of classification
will become basic to paleontology. See also 1815. PALEO

In Siberia a mammoth is found preserved in ice. PALEO

British paleontologist Mary Anning is born (d. 1847). She will be-
come a professional fossil collector whose dramatic finds will cre-
ate a sensation in London geological circles. Among her finds will
be remains of an ichthyosaur (1811), a plesiosaur, and a ptero-
dactyl. PALEO

French chemist Philippe Lebon pioneers the theory and practice of
gas lighting, using flammable gas derived from wood. TECH

The first suspension bridge using iron chains for support is built by
U.S. engineer James Finley. THCH
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THE GEOLOGIC TIME CHART

n 1799, English geologist William Smith noted that different strata, or

layers, of rock had their own characteristic fossils, which turned up in

those layers and nowhere else. He suggested that the various strata of
rock, even when bent and interrupted by geologic pressures, could be iden-
tified by their typical fossils. This insight, coupled with the inference that
higher strata are more recent and lower strata older, meant that the layers
of the earth’s crust offered a guide to the history of life. Paleontologists
have since named the intervals of prehistoric time, with their contempora-
neous life forms, for the rock strata associated with them.

In the following chart, the intervals of geologic time are arranged in de-
scending order from most recent (top) to earliest (bottom). The columns
JSrom left to right indicate increasingly subordinate units of time. Thus, the
Pleistocene epoch is one stage of the Quaternary period, which in turn is a
phase of the Cenozoic era. The dates in the column at the far right indicate
in millions of years how long ago the interval began. These intervals are
not of equal length. The earliest stage, the Precambrian era, lasted about 4
billion years, more than 85 percent of the earth’s history to date.

MYA (Millions

Era Period Epoch of years ago)
Cenozoic Quaternary Holocene .01
Pleistocene 1.8
Tertiaiy Pliocene 7
Miocene 23
Oligocene 38
Eocene 53
Paleocene 65
Mesozoic Cretaceous 136
Jurassic 190
Triassic 225
Paleozoic Permian 280
Carboniferous 345
Devonian 395
Silurian 440
Ordovician 500
Cambrian 570
Precambrian 4,600
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German scientist Karl Friedrich Burdach introduces the word biolo-
gy for the study of the morphology, physiology, and psychology of
humans. In 1882 a broader definition is proposed by Gottfried
Treviranus and Jean-Baptiste de Lamarck to include the study of life
in general. BiO

French biologist Marie-Frangois-Xavier Bichat publishes a treatise on
membranes in which he classifies tissues into twenty-one types. mio

English chemist William Nicholson constructs his own electric bat-
tery and electrolyzes water, breaking it into its components hydro-
gen and oxygen. cHEM

German physicist Johann Wilhelm Ritter invents electroplating
when he passes a current through a copper sulfate solution. He also
discovers that water consists of two parts hydrogen to one part
oxygen. CHEM

British chemist Humphry Davy discovers nitrous oxide and its in-
toxicating effects. As laughing gas it will become the first chemical
anesthetic. ‘ CHEM

British chemist William H. Wollaston develops a method for mak-
ing platinum malleable. CHEM

Robert Fulton, who will gain fame as the constructor of the first suc-
cessful steamship, is the first to use metal to build a submarine. sarm

German physician Johann A. W. Hedenus is the first to perform a
thyroidectomy (remove a thyroid) for goiter treatment. mED

French and English chemists learn to purify water by chlorination. map

In Germany the Keuper fossil beds, dating from the late Triassic,
are described. PALEO

In the Connecticut Valley, Pliny Moody finds fossil footprints of
Triassic dinosaurs. For many years they will be thought to belong
to extinct birds. See 1848, Hitchcock; 1915, Lull. PALEO

Studying the spectrum of sunlight, German-English astronomer
William Herschel discovers infrared radiation, the first known form
of radiation other than visible light. PHYS

German physician Ferdinand Autenreith invents the “padded
room” for use with mental patients. PSYCH

Italian physicist Alessandro Volta invents the voltaic cell, or electric
battery, consisting of alternating disks of copper and zinc and of
cardboard soaked in a salt solution. TECH

Jan. 1, 1801, Italian astronomer Giuseppe Piazzi discovers Ceres, the first known

asteroid. Carl Friedrich Gauss soon calculates its orbit. ASTRO
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1801 French naturalist Jean-Baptiste de Lamarck begins to classify inver-
tebrates, constructing such divisions as crustaceans and echino-
derms. See also 1815, Lamarck. o
180t English chemist Charles Hatchett discovers the element niobium,
which he calis columbium. cHamM
1801 German mathematician Carl Friedrich Gauss publishes work on the

law of quadratic reciprocity and the theory of congruences.  mam

1801 & Gauss’s Disquisitiones arithmeticae represents the beginning of
modern number theory. It contains the theory of quadratic congru-

ences, forms, and residues. MATH
1801 English physician Thomas Young gives the first description of visual
astigmatism, or eye surface discrepancy. M
1801 ¢ Noting the phenomenon of diffraction of light (see 1665, Grimaldi),

and interference patterns, English physicist Thomas Young argues
that light is wavelike rather than particlelike. He speculates that the
waves are longitudinal, like sound, rather than transverse, like wa-
ter. Seventeen years later he will be proven wrong. See 1818,

Fresnel. PHYS
WHO'’S IN A NAME
talian physicist Alessandro Volta, inventor of the voltaic cell (1800),
is one of a select group of scientists whose names have been memo-
rialized in units of measurement. Here are some other members of
that group.
Unit Physical
Scientist (abbreviation)  Quantity
André M. Ampere (1775-1836) ampere (A) Electric current
A.J. Angstrom (1814-1874) angstrom (A)  Small distance
A. H. Becquerel (1852-1908) becquerel (Bg)  Radioactivity
Charles A. de Coulomb (1736~-1806) coulomb (C) Electric charge
Heinrich Hertz (1857-1894) hertz (Hz) Frequency
James P. Joule (1818-1889) Jjoule (J) Energy
Isaac Newton (1642-1727) newton (N) Force
Georg S. Ohm (1789-1854) ohm () Electric resistance
Blaise Pascal (1623-1662) pascal (Pa) Pressure
Alessandro Volta (1745-1827) volt (V) Electric potential
difference
James Watt (1736-1819) watt (W) Power
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German physicist Johann Wilhelm Ritter discovers ultraviolet ra-
diation. PHYS

British chemist and physicist William Henry discovers Henry’s law,
that the mass of gas dissolved in a liquid at equilibrium and con-
stant temperature is proportional to the pressure of the gas.  puvs

French physician and humanitarian Philippe Pinel strives to make
the treatment of the mentally ill more humane. PSYCH

The usual treatment for the mentally ill in asylums includes blood- .
letting, bathing, and purging. PSYCH

Frenchman Joseph-Marie Jacquard invents the Jacquard loom,
which uses punched cards to guide needle motions so as to pro-
duce patterned textiles. Later in the century (see 1834), Charles
Babbage will realize that punched cards can control calculator
processes, preparing the way for the digital computer in the twenti-
eth century. TECH

German-English astronomer William Herschel discovers that the
two brightest stars in Castor are a binary star system. AsTRO

German astronomer Heinrich Wilhelm Olbers discovers Pallas, the
second asteroid to be identified. ASTRO

Swedish chemist Anders G. Ekeberg discovers the element tanta-
lum. CHEM

Scottish physician Sir Charles Bell diagnoses Bell’s palsy, a one-
sided facial weakness or paralysis caused by compression of the fa-
cial nerve. ‘ MrD

French scientist Joseph-Louis Gay-Lussac demonstrates that the vol-
ume of a fixed mass of gas at constant pressure changes by a con-
stant fraction for each degree of temperature change. First noted
by Guillaume Amontons in 1699, this is now known as Charles’s
law (see 1787) or Gay-Lussac’s law. See also 1808, Gay-Lussac. pnvs

[talian scientist Gian Domenico Romagnosi discovers that electrici-
ty passing through a wire will cause a magnetic needle to orient it-
self perpendicular to the wire. ™CH

The first photograph is produced by British physician Thomas
Wedgwood but fades quickly. He treats paper with silver nitrate to
hold the photographic impression. TECH

The first icebox, the progenitor of the refrigerator, is developed by
U.S. farmer Thomas Moore. It consists of two wooden boxes, one
within the other, with the space between them insulated by charcoal
or ashes. A third box, made of tin, sits atop the smaller box. TECH
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Witnesses at Orne, France, observe a bolide, or meteor in the form
of an explosive fireball. Meteoritic stones are then found in the

area. Physicist Jean-Baptiste Biot describes the event and deter-
mines that the meteorites did not originate on earth. ASTRO
Swedish chemist Jons Jakob Berzelius, Swedish mineralogist

Wilhelm Hisinger, and German chemist Martin H. Klaproth discov-
er the element cerium. cHEM

1803 British chemist Smithson Tennant discovers the element osmium. essm

1803 British chemist William H. Wollaston discovers the elements palla-
dium and rhodium. cHEm

1803 _  In his Essay on Static Chemistry, French chemist Claude-Louis
Berthollet shows that reaction rates depend on the quantities of the
reacting substances as well as their affinities, cmm

1803 British meteorologist Luke Howard coins names for types of clouds,
including cumulus, cirrus, nimbus, and stratus. RARTH

1803 ¢ French mathematician Lazare Carnot publishes Géométrie de posi-
tion, a work establishing him as cofounder (with Gaspard Monge;

see 1795) of modern pure geometry. MATH
1803 American physician James Conrad Otto describes the first clear ac-
count of hemophilia. MED

1803 -\)5\{"' English chemist John Dalton draws on existing evidence to argue
¥~ that matter is made up of tiny particles called atoms, a word coined

by Democritus in 460 B.c. He establishes the concept of atomic
weight—different masses for the atoms of different elements—

though his preliminary table of atomic weights contains many er-

rors. See 1818, Berzelius. PHYS

1803  “  U.S. engineer Robert Fulton builds his first steam-powered ship.raen

L . . . - A
1804 .-y Swiss botanist Nicolas-Théodore de Saussure stresses the impor-
rA s 5 . 0
“ tance of soil nitrogen and carbon dioxide to green planis. He also
demonstrates plants’ capacity to absorb water. )

1804 British chemist Smithson Tennant discovers the element iridium. esm

1804  ; In the first high-altitude research flight, French scientists Jean-
" Baptiste Biot and joseph-Louis Gay-Lussac ascend four miles in a bal-
loon to study the atmosphere and the earth’s magnetic field. -~ zamm

1804-1806 - Americans Meriwether Lewis and Wiltiam Clark explore the region
known as the Louisiana Purchase, from the Mississippi River to the

Rocky Mountains, and push on west to the Pacific Ocean. EARTH
1804 Italian physician Antonio Scarpa describes arteriosclerosis as le-
sions coating the lining of arteries. mip
1804 French surgeon René Laénnec describes peritonitis, an inflamma-
tion of the membranes lining the abdomen. [
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Simia Ursina, illustration from Alexander von Humboldt’s Observations
of Zoology and Comparative Zoology. (Bibliothéque Nationale, Paris)

1804 The first steam locomotive to operate on a railroad, constructed by
2{ British inventor Richard Trevithick, travels nearly ten miles and
N‘Lf achieves speeds of almost five miles per hour.

1804 = The first foods to be vacuum packed are packaged by Nicolas
Appert at his factory in France.

1805 After twenty years of analyzing the proper motion of stars, William
Herschel shows that the sun, together with its planets, is moving
through the galaxy.

1805 German explorer and botanist Alexander von Humboldt publishes

his Essai sur la géographie des plantes, about his five-year voyage to

the Americas, thus introducing plant geography.

121



1805 THE TIMELINE BOOK OF SCIENCE

Nov. 15, =~ The Lewis and Clark expedition reaches the Pacific Ocean, com-
1805 _/\ _pleting the first overland trip by settlers across what is now the

*~% United States of America. EARTH
1805 German mathematician Peter Gustav Lejeune Dirichlet is born

(d. 1859). He will show the value of applying analysis to number
theory and introduce Dirichlet’s theorem and the Dirichlet series.
He will also contribute the Dirichlet principle to the calculus of
variations. MATH
“Organic chemistry just now is enough to drive one mad. It
gives me the impression of a primeval iropical forest full of
the most remarkable things, a monstrous and boundless
thicket with no way of escape, and into which one may well
dread to enter.”—Baron Jéns Jakob Berzelius, Swedish
chomist; early nineteenth contury

R T T e

1805 «  German pharmacist Friedrich Sertlirner extracts morphine from
opium and uses it to relieve pain. MED
1805 ~  French scientist Pierre Simon de Laplace proposes his theory of
capillary forces. PHYS
1805 German naturalist Johann Friedrich Blumenbach founds the science
of physical anthropology. . soc¢
1805 The first covered bridge in America opens, over the Schuylkill River
in Pennsylvania. THCH
1806 ltalian botanist Giovanni Amici determines the importance of inter-
cellular space for gas conduction in plants. Bio
1806 French chemist Louis-Nicolas Vauquelin discovers the compound as-

paragine, which will turn out to be the first known amino acid. - ewsm

1806 .- Scotsman Patrick Clark develops a cotton thread that rivals silk
¥ thread in strength. With his brother James, Clark opens a thread-
making factory. Eventually, cotton thread will become the thread of

choice. TECH
1807  #  British chemist Humphry Davy discovers the elements sodium and
potassium. CHIEM
1807 Swedish chemist J6ns Jakob Berzelius distinguishes organic from

inorganic compounds, defining organic compounds as those ob-
tained from living or dead organisms or related to such compounds
and inorganic compounds as all others. cHEM

1807 Humphry Davy develops the science of electrochemistry, following
the discovery in 1800 by William Nicholson that an electric current
can decompose water into oxygen and hydrogen. cHIM
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1807

1808

1808

1808

1808

1808

1809

o

Swiss geodesist Ferdinand R. Hassler convinces American
President Thomas Jefferson and Treasury Secretary Albert Gallatin
to establish a Survey of the Coast. EARTH

The Geological Society of London is founded. This scientific organiza-
tion will maintain a library and study collection, discuss and dissemi-
nate geological observations, and adopt a single nomenclature. zARTH

French mathematician Jean-Baptiste-Joseph Fourier, demonstrates
Fourier’s theorem, that any periodic.oscillation can be expressed as
a series of trigonometric functions known as a Fourier series. See
also 1822, Fourier. MATH

English physicist Thomas Young introduces the physical concept of
energy. PHYS

Thomas Young develops the coefficients of elasticity of materials. pHys

The 133-foot S.S. Clermont begins regular cargo service between
New York and Albany, becoming the first commercially successful
steamship. Designed by Robert Fulton, it uses a Boulton and Watt
engine and paddlewheels, which will become a distinguishing fea-
ture of steamboats for years to come. THCH

British chemist Humphry Davy discovers the elements barium, cal-
cium, magnesium, and strontium. cHm

Davy and French chemists Joseph-Louis Gay-Lussac and Louis-
Jacques Thénard discover the element boron. cHEm

French scientist Joseph-Louis Gay-Lussac shows that when gases
combine chemically, the volume of the reactants and of the prod-
uct (if gaseous) bear simple relationships to one another, given con-
stant temperature and pressure. This principle is the one usually
known as Gay-Lussac’s law, though his discovery in 1803 concern-
ing the relationship of volume and temperature change in gases
sometimes also goes by the same name. PHYS

Studying sunlight that has passed through a crystal of Icelandic
feldspar (see 1669, Bartholin), French physicist Etienne-Louis Malus
(1775-1812) discovers the polarization of light. PHYS

English chemist John Dalton publishes his New System of Chemical
Philosophy, formalizing arguments for atomic theory he advanced
as early as 1803. PHYS

French zoologist Jean-Baptiste de Lamarck introduces the first sci-
entific theory on how evolution occurs, now known as
Lamarckism. According to him, offspring can inherit characteristics
or traits that their parents have acquired during the parents’ life-
time. This concept will later be discredited by Charles Darwin and
August Weissman. BiO
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English naturalist Charles Darwin is born (d. 1882). In his 1859
book On the Origin of Species, he will explain the theory of evolu-
tion by natural selection, which will revolutionize the life sciences
and humanity’s understanding of its own origins. He will acquire
much of his evidence during his voyage on the H.M.S. Beagle
(1831-1836). He will also discuss human evolution (in The Descent
of Man, 1871) and write on the origin of coral reefs. sio

American physician Ephraim McDowell successfully, without anes-
thesia, removes a twenty-two-pound ovarian tumor. He will be con-
sidered the father of ovariotorny. mED

The first ocean voyage by steamboat is completed, by U.S. seaman

~ Moses Rogers traveling from New York City to the Delaware River

by way of Cape May, New Jersey. TICH

The term morphology is introduced to describe the study of organic
form. It particularly concerns the unity underlying plant and animal
diversity. German naturalist and poet Johann Wolfgang von Goethe
is among those to popularize the term. Bio

French mathematician Sophie Germain formulates Germain’s theo-
rem. A step toward proving Fermat's Last Theorem (see 1601), it
shows the impossibility of positive integral solutions to x" + yr =
z"if x, y, and z are prime to each other and to n, where n is any
prime less than 100. MATH

British chemist Humphry Davy is the first to identify chlorine as an
element. See also 1774, Priestley and Scheele. CHEM

French mathematician Joseph-Diez Gergonne begins publication of
the first private mathematical journal, Annales de mathématiques
pures et appliquées. ) MATH

Between now and 1819, Austrian physician Franz Joseph Gall and his
student Johann Spurzheim publish a five-volume work on phrenolo-
gy, which attempts to develop a perfect knowledge of human nature
based on measurements of multiple species’ skulls and brains. They
theorize that brain functions are focalized in the cerebral cortex and
that the brain is a bundle of individual organs governing the moral,
sexual, and intellectual traits of human behavior. PSYCH

The differential gear, used to steer and turn carriages, is developed
by a German publisher, Rudolph Ackermann. T™CH

British inventor Peter Durand is issued a patent for an early version of
a tin-plated receptacle that proves to be the precursor to the can. sen

German-English astronomer William Herschel theorizes that stars
originate in nebulae. ASTRO

French chemist Bernard Courtois discovers the element iodine. cuam
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5

Italian physicist Amedeo Avogadro formulates Avogadro’s hypothe-

- sis, or Avogadro’s law, that equal volumes of all gases contain

equal numbers of particles at the same temperature and pressure.
The term he uses to describe these particles, which he believes to
be combinations of atoms, is molecules. PHYS

Massachusetts General Hospital is established in Boston. map

Scottish physician Charles Bell discovers spinal nerve functions,
which convey impuises to and from the spinal cord. MED

British paleontologist Mary Anning discovers the first complete
ichthyosaur skeleton. PALIO

Scottish physicist Sir David Brewster discovers Brewster’s law,
which says that the extent of the polarization of light reflected from
a transparent surface is greatest when the reflected ray is at right
angles to the refracted ray. PHYS

The $.S. New Orleans becomes the first steamship to traverse the
Mississippi River Valley, on a fourteen-day trip from Pittsburgh to
New Orleans. ' acH

New York City planning officials adopt the so-called
Commissioners’ Plan, requiring streets north of Union Square to be
aligned by a grid system, as in older Spanish cities. TECH

French botanist Augustin-Pyrame de Candolle is the first to use the
word taxonomy for classification of species. BIO

Boiling starch in water and sulfuric acid, German-Russian chemist
Gottlieb Sigismund Constantin Kirchhoff discovers glucose. He
notes that starch is made up of glucose units and that the sulfuric
acid was not consumed in the chemical reaction but made the re-
action possible. Swedish chemist Jéns Jakob Berzelius will call the
latter phenomenon catalysis. CHEM

French scientist and mathematician Pierre Simon de Laplace pub-
lishes significant work on analytic probability theory. MATH

French mathematician Siméon-Denis Poisson discovers the Poisson
equation in potential theory. MATH

French mathematician Jean-Victor Poncelet formulates the princi-
ple of continuity, or the principle of permanence of mathematical
relations, although it is not published until 1862-1864. MATH

New York City’s Bellevue Hospital is formally established. See also
1736. mip
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French anatomist Baron Cuvier discovers the first known fossil re-
mains of a pterodactyl, a flying reptile. He also publishes his Inquiry
into Fossil Remains, the first major work of paleontology. Although
he describes extinct forms of life in detail and classifies them ac-
cording to the Linnaean scheme, he does not consider them ances-
tors of living things but products of earlier, separate creations, each
ending catastrophically. This view will become known as cata-
strophism. PALEO

French scientist Pierre Simon de Laplace posits a mechanistic mod-
el of the universe—one in which the entire history of the universe
could theoretically be derived by knowing the mass, position, and
velocity of every particle. This idea will prevail until Werner
Heisenberg’s uncertainty principle (see 1927) articulates the limits
of human knowledge of the physical universe. PHYS

English chemist and physicist William H. Wollaston invents the
camera lucida, a device that projects the image of an object onto a
flat surface, such as a piece of paper, where a drawing of it can be
traced. THCH

Swedish chemist Jéns Jakob Berzelius proposes a system of chemi-
cal symbols that will be widely adopted: capital letters for atoms—
with lowercase letters to distinguish elements such as Ca (Calcium)
from ClI (Chlorine)—and, for compounds, combinations of these
symbols with appropriate lowercase numerals representing the
number of atoms in molecules (e.g., H,O for water). cHIM

London author Robert Bakewell publishes his influential English ge-
ology textbook Introduction to Geology. It basically adheres to
Abraham G. Werner’s ideas but reveals some of James Hutton’s in-
fluence. EARTH

German physician johann Peter Frank publishes the first compre-
hensive treatise on public health. His credo is “to prevent evils
through wise ordinances.” Frank’s suggestions, including food in-
spection, sanitation, prenatal care, and vital statistics on infectious
diseases, are thought to be radical and are not accepted in many
areas of Europe. M

American physician Thomas Sutton distinguishes between halluci-
nations caused by organic brain inflammation and delirium
tremens, caused by alcohol addiction and withdrawal. PSYCH

While observing sunlight that has passed through a slit and then a
prism, German physicist Joseph von Fraunhofer discovers spectral
lines. He maps many of the lines produced by sunlight (now called
Fraunhofer lines). ASTRO
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French scientists J. J. Colin and H. G. de Claubry discover the
starch-iodine reaction. French scientist F. V. Raspail applies it mi-
croscopically, founding the study of cells’ chemical components,
histochemistry. Bl

Swedish chemist Jéns Jakob Berzelius theorizes that compounds con-
sist of positively charged and negatively charged components.  cuam

A das lighting works is erected in London. In it the gas filters out
from a central location to local gas mains. THCH

The first steam locomotive, developed by George Stephenson, to
transport coal through England, inaugurates the mass use of rail-
road transportation. The design is based on the 1804 one of
Richard Trevithick. TacH

The first commercially sold tinned food is produced, at the Donkin-
Hall factory in England. Tinned food had earlier been produced in
England but only for the military. TICH

German astronomer Heinrich Wilhelm Olbers discovers a comet,
which he names for himself. He proposes that a comet’s tail is a
cloud of matter expelled from the nucleus, which always points
away from the sun, due to a repulsion effect. ASTRO

Between now and 1822, French naturalist Jean-Baptiste de
Lamarck becomes the first to use the terms vertebrate and inverte-
brate. With his seven-volume work, the Natural History of
Invertebrates, Lamarck founds modern invertebrate biology. BIO

French physicist Jean-Baptiste Biot discovers that the plane of po-
larized light is twisted in different directions by different organic
liquids. He speculates that this difference is caused by asymmetry
in organic molecules. cHEM

French scientist Joseph-Louis Gay-Lussac discovers the poisonous
gas cyanogen (C,N,), noting the extreme stability of the cyano
group, the carbon-nitrogen combination, which is the first known
organic radical. cHEM

English chemist William Prout advances Prout’s hypothesis, that
hydrogen is the fundamental atom out of which all other atorns are
made. This hypothesis will appear to be disproven by the subse-
quent discovery of atomic weights that are not exact multiples of
hydrogen’s, though the later discovery of thermonuclear fusion will
show that Prout was partly right. cHEM

English mathematicians Charles Babbage, John Herschel, and
George Peacock found the Analytic Society to emphasize the ab-
stract nature of algebra and bring new continental developments in
mathematics to Britain. MATH
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During the Napoleonic wars, French surgeon Dominique-jean
Larrey introduces “flying ambulances,” man-powered litters to pick
up the wounded during battle instead of leaving them unattended
until the fighting ends. MED

William Smith publishes The Geological Map of England, the first
book to classify rock strata on the basis of characteristic fossils. See
also 1799. PALEO

French physicist Baron Augustin Louis Cauchy develops mathemati-
cal formulas for describing turbulence. PHYS

Macadam, a moisture-resistant road covering made of bits of stone,
is developed by Scottish surveyor John McAdam. THCH

French mathematician Sophie Germain develops a mathematical
model to calculate the vibration of elastic surfaces. MATH

French physician René Laénnec invents the modern stethoscope.
He uses the term rales for the air sound in bronchii when they con-
fain secretions or are tightened by spasms. mip

The celeripede, a two-wheeled forerunner of the modern bicycle, is
developed by French physicist Joseph Nicéphore Niepce. TECH

French chemists Pierre-Joseph Pelletier and Joseph-Bienaimé
Caventou isolate and name chlorophyll. )

Hereford cattle are imported to America for the first time. The
hardy breed will become the most popular cattle in the western
United States. B0

German chemist Friedrich Strohmeyer discovers the element cad-
mium. CHEM

Swedish chemist Johan August Arfwedson discovers the elemen

lithium. CHEM

British physician James Parkinson describes the shaking palsy now
called Parkinson’s disease that is characterized by a slowly spread-
ing fine muscle tremor. mED

Between now and 1818, American dentist Anthony Plantson intro-

duces the dental plate. ‘ ! 1)

In The Principles of Political Economy and Taxation, British econo-

‘mist David Ricardo advances influential theories on the determina-

tion of wages and value. soc

French astronomer Jean-Louis Pons discovers the comet with the
shortest known period (3.29 years), now called Encke’s comet for
German astronomer Johann Encke, who analyzes its orbit.  asmo

Swedish chemist J6ns Jakob Berzelius discovers the element se-
lenium. cuEm

\
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FRANKENSTEIN’S TEACHER

hen Mary Shelley’s novel Frankenstein was published in

1818, chemistry seemed the most powerful of sciences.

New elements were being discovered, the atomic and mole-
cular structure of matter was being analyzed, and the stuff of life itself,
organic compounds, was yielding to the scientist. It was Shelley’s inspi-
ration that a young person might be lured by the glamour of scientific
conquest to try things he would wish he had left alone. So she invented
Victor Frankenstein, who brought a nonliving creature of his own design
to life, providing grist for future horror stories and a metaphor that still
haunts our conceptions of science. Here Frankenstein, a university stu-
dent, is transfixed by a lecture from his chemistry teacher, Professor
Waldman:

“The ancient teachers of this science,” said he [Waldman],
“promised impossibilities and performed nothing. The modern
masters promise very little; they know that metals cannot be
transmuted and that the elixir of life is a chimera. But these
philosophers, whose hands seem only made to dabble in dirt, and
their eyes to pore over the microscope or crucible, have indeed
performed miracles. They penetrate into the recesses of nature
and show how she works in her hiding-places. They ascend into
the heavens; they have discovered how the blood circulates, and
the nature of the air we breathe. They have acquired new and al-
most unlimited powers; they can command the thunders of heav-
en, mimic the earthquake, and even mock the invisible world with
its own shadows.” :

Such were the professor’s words—rather let me say such the
words of the fate—enounced to destroy me. As he went on I felt
as if my soul were grappling with a palpable enemy; one by one
the various keys were touched which formed the mechanism of
my being; chord after chord was sounded, and soon my mind was
filled with one thought, one conception, one purpose. So much has
been done, exclaimed the soul of Frankenstein—more, far more.
will I achieve; treading in the steps already marked, I will pioneer
a new way, explore unknown powers, and unfold to the world the
deepest mysteries of creation.
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Berzelius publishes a table of atomic and molecular weights based
on some two thousand analyses of chemicals performed over ten
years. His tables are considerably more accurate than those of John
Dalton. See 1803. cHEM

American geologist Benjamin Silliman establishes the American
Journal of Science, through which he will gain an international
reputation. BARTH

French chemist Louis-Jacques Thénard discovers hydrogen perox-
ide, a mild antiseptic and germicide. M

French chemists Joseph Caventou and Pierre Pelletier isolate
strychnine. MED

Scottish physician John Cheyne and Irish physician William
Stokes describe a breathing pattern often associated with im-
pending death: periods of no breathing (apnea), followed by in-
creased respiration. mED

In the Connecticut Valley, Solomon Ellsworth Jr. and Nathan Smith
discover fossil bones of the dinosaur Anchisaurus, but the signifi-
cance of this find is not initially understood. PALEO

French physicist Augustin-Jean Fresnel argues that light is a trans-
verse, not longitudinal, wave, as Thomas Young (see 1801) had
thought. PHYS

French chemists Pierre-Louis Dulong and Alexis-Thérése Petit show
that the specific heat of an element, the amount of heat required to
raise its temperature 1° C, is inversely proportional to its atomic
weight. CHEM

German chemist Eilhardt Mitscherlich states Mitscherlich’s law, or
the law of isomorphism, that substances with the same crystal
structure have similar chemical formulae. CHEM

Paris author ]. F. d’Aubuisson de Voisins publishes the first success-
ful French geology textbook, which mainly follows Abraham
Werner’s theories. RARTH

In New Haven, Connecticut, the American Geological Society is
founded. NARTH

‘In works published now and in 1832, French mathematican

Adrien-Marie Legendre develops several important tools of analy-
sis, including the Legendre functions, which are solutions of the
Legendre differential equation. MATH

French chemists Joseph Caventou and Pierre Pelletier isolate the
antimalarial substance quinine. MED
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Rome and Utica, New York, are joined in the opening of the first
part of the Erie Canal. The canal was two years in construction,
mainly by thousands of immigrants. THCH

The first transatlantic trip by sail/steamship is completed as the
U.S.S. Savannah travels from Georgia to Liverpool, England. THCH

French biologist Baron Cuvier makes a major contribution to mor-
phology with his arrangement of animals into four groups: verte-
brates, articulates, mollusks, and radiates. si0

French mathematician Augustin Louis Cauchy develops the founda-
tion of the calculus as it is now generaily known. Using
d’Alembert’s limit concept (see 1760s) to define the derivative of a
function, he takes significant steps toward the arithmetization of
analysis. MATH

Between now and the 1840s, during the age of reform in the
United States, many poorhouses (almshouses) are built, filled with
the poor and mentally ill. They are used as clinical laboratories for
medical students. ‘ M

The statue Venus de Milo is discovered on the Greek island of
Melos. ARCH

English scientists John Herschel and Charles Babbage are among
the founding members of the Royal Astronomical Society. asmo

The Royal Observatory at Cape Town is established to make obser-
vations in the Southern Hemisphere comparable with those made
at Greenwich. AsTRO

French naturalist Henri Braconnot uses hydrolysis to obtain glucose
from materials such as linen, bark, and sawdust. He is also the first

to isolate, from gelatin, the amino acid glycine. cHam
Twenty-one-year-old American sealer Nathaniel Brown'Palmer is
the first to explore the Antarctic Peninsula. BARTH
French chemists and physicians demonstrate the value of iodine in
treating goiter. mIp
The United States’s first pharmacopeia is published. mzp

Danish physicist Hans Christian Oersted shows that electricity and
magnetism are related, noting that a magnetic needle moves when
electricity flows through a nearby wire. Experiments by French
physicists André-Marie Ampeére and Francgois Arago support
Oersted’s finding, establishing the concept of electromagnetism. puys

German physicist Joseph von Fraunhofer invents the diffraction
grating, a device composed of fine, closely spaced wires used in
producing light spectra. PHYS
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French physicist André-Marie Ampére shows that a wire helix or
solenoid acts like a bar magnet when electric current flows through
it. He also states the right-hand rule for the action of an electric cur-
rent on a magnet. PHYS

Physicist Dominique-Francois Arago shows that iron is not the only
magnetic substance when he magnetizes a copper wire by passing
electricity through it. PHYS

German physicist johann Salomo Christoph Schweigger

. (1779-1857) invents the galvanometer, an instrument for measur-

ing electric current. TECH

Austrian chemist Johann Joseph Loschmidt is born (d. 1895). He
will develop the practice of using single lines for single bonds, dou-
ble lines for double bonds, and so on. He will also calculate
Avogadro’s number (see 1865) and determine that the structures of
aromatic compounds contain a benzene ring. cHEM

Anthropologist Gabriel de Mortillet is born in France (d. 1898). He
will be the first to distinguish the subdivisions of the Paleolithic
(Old Stone) Age, which lasted from about 2.5 million to 9,000 years
ago. These periods, identified on the basis of their characteristic
stone tools, will include the Acheulian and the Mousterian.  pawo

British physicist Michael Faraday is the first to speak about electro-
magnetism as a field in which particles generate lines of force. In
an experiment with magnets and electrified wires he shows that
electricity can produce motion. PHYS

Russian-German physicist Thomas Johann Seebeck notes the
Seebeck effect, which states that two different metals will generate
electricity if their points of juncture are maintained at different
temperatures. This is the first known example of thermoelectricity,
or electricity generated by temperature difference. PHYS

French linguist Jean-Francgois Chémpollion founds modern
Egyptology when he deciphers the ancient Egyptian hieroglyphics
inscribed on the Rosetta Stone (see 1799). ARCH

English antiquarian William Bullock recovers relics and casts of
Aztec artifacts from Teotihuacan and other sites in the Valley of
Mexico. ARcH

After two centuries, the Roman Catholic church lifts its ban on the
works of Copernicus, Galileo, and Kepler. See also 1835. AsTRO

William Daniel Congbeare and William Phillips publish a textbook
of stratigraphy that becomes a basic field manual for geologists.
Congbeare and Phillips are the first to identify the Carboniferous
period. EARTH
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Mineralogist Alexandre Brongniart and zoologist A. G. Desmarest
publish the first extensive study of trilobites. Their work will influ-
ence future investigations of Paleozoic stratigraphy. BARTH

French mathematician Jean-Victor Poncelet begins the study of pro-
jective geometry, which analyzes the shadows cast by geometric fig-
ures, as a field separate from analytical and algebraic geometry. mam

Chemist Georges-Simon Serulas discovers iodoform and its antibac-
terial action. mip

Jean-Baptiste-Julien d’Halloy identifies the Cretaceous period of
earth’s history. PALIO

In his Analytical Theory of Heat, French mathematician Jean-
Baptiste-Joseph, Baron Fourier, applies his Fourier theorem (see
1807) to the study of heat flow. This work also introduces the
mathematical technique of dimensional analysis, in which an equa-
tion or solution is checked by analyzing the consistency of the di-
mensions in which it is expressed. PHYS

German philologist and folklorist Jakob Grimm formulates Grimm’s
law, a principle of relationships in Indo-European languages dealing
with shifts in consonants in the development of English and the
other Germanic languages. soc

British engineer George Stephenson builds the first iron railroad
bridge in the world. TECH

In England, American inventor William Church patents the first
typesetting machine, which combines automatic composition with
manual activity to set words and line length. TECH

The first lasting photograph is produced by French physicist Joseph
Niepce. The photograph is made permanent through the use of as-
phaltum. THCH

German astronomer Joseph von Fraunhofer invents the first lensed
telescope to be mounted equatorially with a clock drive. ASTRO

German chemist Johann Wolfgang Dobereiner discovers that pow-
dered platinum is an effective catalyst for hydrogen reactions. cuam

British physicist Michael Faraday systematically uses cold and pres-
sure to liquefy gases, beginning with chlorine. cHEM

Exploring Nigeria overland, Scotsman Hugh Clapperton becomes
the first European to sight Lake Chad. RARTH

_ British physicist William Sturgeon invents the electromagnet, a

magnet powered by an electric current. THCH

British inventor Francis Ronalds offers his electric telegraph system
to the military but is rejected. THCH
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A rubber-treated fabric is developed by Scottish scientist Charles
Macintosh. It is a predecessor to the fabric used in the raincoat that

- will take this inventor’s name. THCH

Swedish chemist Jons Jakob Berzelius discovers the element
silicon. G

Berzelius and French scientist Joseph-Louis Gay-Lussac identify the
first known isomers, chemical compounds with the same molecular
formulas but different molecular structures or arrangements of
atoms, resulting in different properties. The formulas of the com-
pounds are determined by German chemists justus von Liebig and
Friedrich Wéhler. See also 1830, Berzelius. cHEMm

Norwegian mathematician Niels Henrik Abel shows that a general al-
gebraic solution for equations of the fifth degree (quintic equations,
those involving x°) is impossible. See also 1830, Galois. MATH

English cleric and geologist William Buckland publishes a descrip-
tion of the Cretaceous carnivore Megalosaurus, identified from fos-
sils in Stonesfield, England. It is the first dinosaur to be described,
though the term dinosaur will not be introduced until the time of
Richard Owen (see 1841). PALEO

Irish mathematician William Rowan Hamilton states the physical
principle that an object or collection of objects always moves in
such a way that the action has the least possible value. PHYS

French physicist Nicolas-Léonard-Sadi Carnot publishes Reflections
on the Motive Power of Fire, the first scientific analysis of steam en-
gine efficiency. Carnot will be considered the founder of thermody-
namics, the study of the laws governing the conversion of energy
from one form to another. PHYS

The Hartford (Connecticut) Retreat is founded for the humane treat-
ment of mental illness. By the end of the century it will shift from
being an innovative curative institution to a custodial one. PsYCH

Portland cement, a resilient water-resistant compound made from
a heated mixture of chalk and clay, is patented by British bricklayer
Joseph Aspdin. TBCH
The first round barn is built, by the Shakers in Hancock, New York.

Its design, with dividers that form feeding stations, will make it
popular with farmers of dairy livestock. ™EH

Danish physicist Hans Christian Oersted discovers the element
aluminum. cHEM

British scientist Michael Faraday isolates benzene from whale oil. ewam

The full length of the 363-mile Erie Canal opens in New York State,
providing a link between the Hudson River and the Great Lakes and
sparking other canal projects. EARTH
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Excavation of the Erie Canal at Lockport, 1825. (Library of Congress)

1825 »  French mathematician Augustin Louis Cauchy develops complex
function theory and introduces Cauchy’s integral theorem with
residues. MATH

c. 1825 French physician Frangois Broussais (1772-1838) believes that the

body’s vital functions depend on inflammation or irritation. He
claims nature has no healing power and it is necessary to stop dis-
ease by taking active measures—notably bloodletting and leeching.
He prescribes applying up to one hundred leeches a day to control
a patient’s inflammation and disease. MmED

1825 % French physician Jean-Baptiste Bouillaud is the first to describe
aphasia, an inability or difficulty speaking, and link it to trauma in
the brain’s anterior lobe. MED

1825 British physician and paleontologist Gideon Mantell claims that
fossil teeth discovered in Tilgate Forest, England, belong to an ex-
tinct reptile, which he calls Iguanodon, the second dinosaur to be
discovered. PALEO

1825 On a 27-mile line the first steam train passenger service is offered,
by the Stockton & Darlington Railway in England. The first U.S.
passenger line, the Baltimore & Ohio, will begin to be built in
Maryland in 1828. THCH
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German astronomer Heinrich Wilhelm Olbers poses Olbers’s para-
dox: if the stars are distributed uniformly through infinite, unchang-
ing space, why is the sky dark at night? Everywhere one looks,
there should be a star. The Big Bang theory in the twentieth centu-
ry will explain this paradox by showing that the universe is lumpy,
finite, and changing. AsTRO

German-Russian embryologist Karl Ernst von Baer discovers the
eggs of mammals and states that “every animal which springs from
the coition of male and female is developed from an ovum, and
none from a simple formative fluid.” His later two-volume History
of the Development of Animals is one of the founding works of mod-
ern embryology. His studies in comparative embryology will offer
ways of demonstrating the likeness of various animal forms.  me

French chemist Antoine-Jéréme Balard discovers bromine. cHEM

French chemist Jean-Baptiste-André Dumas invents a technique for
measuring the vapor densities of substances that are not gases at
normal temperatures. CHEM

AN IGUANODON PROPER

inosaurs have been part of popular culture since life-sized models
of Mesozoic animals were first exhibited at the Crystal Palace in
Sydenham, England, in 1854. The audiences flocking to see the

movie Jurassic Park in 1993 were only the latest in a long tradition of di-
nosaur admirers. But few have taken dinosaur mania closer to heart than the
British town fathers who embedded a dinosaur in their civic coat of arms.

The dinosaur was the iguanodon, a large, bipedal herbivore of the
Cretaceous period (136-65 million years ago). The second dinosaur to be
discovered (after the megalosaurus, in 1824), it was identified in 1825 by
English physician and amateur paleontologist Gideon Mantell on the basis
of fossil teeth discovered in Tilgate Forest by his wife, Mary Ann. Then in
1834 Mantell identified a partial skeleton of the creature, which W. H.
Bensted had dug out of his quarry in Maidstone, Kent. Mantell acquired the
skeleton for his collection, but the town of Maidstone continued to feel a
sense of ownership. In 1949 the town fathers persuaded the Royal College
of Arms to let them show the dinosaur as a part of their civic shield. In the
words of the official citation, the coat of arms now reads, “On the dexter
side an Iguanodon proper Collared Gules suspended therefrom by a chain
Or a scroll of Parchment.”
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Scottish explorer Gordon Laing is the first European to visit
Timbuktu in Africa. BARTH

Russian mathematician Nikolai Ivanovich Lobachevsky publishes
the first non-Euclidean geometry, which includes this axiom:
“Through a given point, not on a given line, any number of lines
can be drawn parallel to a given line.” Hungarian mathematician
Janos Bolyai will independently publish the same geometry in
1832. MATH

German engineer August Leopold Crelle begins publication of the
influential periodical journal fir die reine und angewandte
Mathematik. MATH

French mathematicians Jean-Victor Poncelet and Joseph-Diez
Gergonne independently discover the principle of duality in
geometry. MATH

Norwegian mathematician Niels Henrik Abel and German mathe-
matician Carl Gustav Jacobi begin to develop the theory of elliptic
functions. (German mathematician Carl Friedrich Gauss had earlier
made some of the same discoveries but not published them.) mam

Between now and 1837 cholera is pandemic—that is, epidemic at
the same time in many different parts of the world. MmED

. The first commercially workable gas stove is developed by British

businessman James Sharp, who will begin to mass produce it
twelve years later. TICH

Between now and 1839, American ornithologist and naturalist John
James Audubon (1785-1851) publishes his multivolume ornitholo-
gy collection, Birds of America, containing more than one thousand
paintings of bird life. (1)

British scientist Michael Faraday publishes Chemical
Manipulation, a manual concerning distillation and other forms
of chemical processing. cHEM

German mathematicians A. F. Moébius, Julius Plicker, and Karl
Wilhelm Feuerbach develop homogeneous coordinates. MATH

British physician Richard Bright describes nephritis, a kidney dis-
ease which will be named for him. MED

Irish physicians Robert Adams and William Stokes discover a form
of altered consciousness (now called the Stokes-Adams syndrome)
caused by decreased blood flow to the brain as the result of a heart
block. MED

~f German physicist Georg Simon Ohm defines Ohm’s law, that the

%
o

"~ flow of current through a conductor is directly proportional to the po-

tential difference and inversely proportional to the resistance.  puys
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Great Horned Owls by John james Audubon. (New-York Historical Society)

1827 .,  Scottish botanist Robert Brown discovers the phenomenon called
Brownian motion, the continuous random movement of micro-

scopic solid particles when suspended in a fluid. PHYS
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1827

1827

Irish mathematician and physicist William Hamilton unifies the
study of optics and correctly predicts conical refraction in his
Theory of Systems of Rays. PHYS

Public transportation begins in New York City with the inauguration

by Abraham Bower of a twelve-seat horsedrawn bus. - TaCH

L P R

“Resoarch gave the unexpected resvit that, by combination
of cyanic acld with ammonia, vrea is formed. A noteworthy

fact since it furnishes an example of the artificlal production
of an organic—~indeed, a so-called animal—substance from
inorganic materials!”—Friedrich Wéhler, German chemist;

1828

1828

1828

1828

1828

1828

1828

on his synthesis of vrea, 1828

LR R T R Py

After classifying four major vegetation periods from the
Carboniferous to the Tertiary, French botanist Adolphe Brongniart
(1801-1876) sorts the plant kingdom into six classes: agamae, cel-
lular cryptogams, vascular cryptogams, gymnosperms, mono-
cotyledonous angiosperms, and dicotyledonous angiosperms.  mio

Swedish chemist Jéns Jakob Berzelius discovers the element
thorium. , cHEM

. German chemist Friedrich Wéhler is the first to synthesize an or-

ganic compound from inorganic chemicals in the laboratory when
he synthesizes urea, the principal waste product found in urine.
This experiment shows that organic compounds do not occur only
in living things. CHEM

English mathematician George Green publishes the first attempt at
a mathematical theory of electromagnetism, his Essay on the
Application of Mathematical Analysis to Theories of Electricity and
Magnetism. c PHYS

The Cherokee Phoenix, the first Native American newspaper, is pub-
lished. It is written and printed in the Cherokee alphabet, which
was developed in 1824 by Cherokee linguist Sequoia. TECH

The blast furnace is developed for use in iron production by

* Scottish inventor James Beaumont Neilson. TECH

An inexpensive process for making chocolate candy is patented by
Dutch chocolatier Conrad van Houten. The solid form of chocolate
is made possible by an extraction process that yields the cocoa but-
ter needed to bind the dry ingredients (sugar and cocoa powder) to-
gether. TECH
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French geologist Alexandre Brongniart gives the name Jurassic to
the period lasting from 190 to 139 million years ago, following the
Triassic. This second period of the Mesozoic era was named for the
Jura Mountains of France and Switzerland. EARTH

Searching for Noah'’s ark in eastern Turkey, German Johann Jacob
von Parrot scales Mount Ararat. EARTH

Scottish physicist William Nicol invents the Nicol prism, a device
for producing plane-polarized light (see 1815, Biot), that makes pos-
sible the technique of polarimetry. PHYS

Scottish scientist Thomas Graham, one of the founders of physical
chemistry, formulates Graham’s law (the law of gaseous diffusion),
which says that the rate at which a gas diffuses is inversely propor-
tional to the square root of its density. PHYS

French physicist Gaspard-Gustave de Coriolis coins the term Rinetic
enerqgy. PHYS

Scottish philosopher James Mill publishes his Analysis of the
Phenomena of the Human Mind, adding muscle sensation (kinesthe-
sis), disorganized sensation (itching or tickling), and gastrointestinal
tract sensations to Aristotle’s classic five senses. Mill argues that the
sensations from these eight senses are the basic elements of con-
sciousness and ideas. PSYCH

American physicist Joseph Henry improves upon the electromagnet
invented by William Sturgeon in 1823. By 1831 Henry’s electro-

magnet can lift a ton of iron. TECH
The Tom Thumb, developed by American entrepreneur Peter
Cooper, becomes the first U.S.-built locomotive. TECH
Through an accidental discovery by French photographer Louis
Daguerre, silver jodide is found to be light sensitive. THCH
The Tremont House, the first modern hotel, with private sleeping
quarters, opens in Boston. TICH
British scholar William Whewell coins the word scientist. Misc

British geologist Charles Lyell dismisses the idea of the comparative
stability of the earth when he shows that a given fauna may be old-
er than the land it inhabits. His evidence will be important in the
development of biogeography, the study of the distribution of or-
ganisms through space and time. Bio

British optician Joseph Jackson Lister invents the achromatic micro-
scope, which eliminates chromatic aberration, allowing the study of
fine detail in cells and bacteria. Bio

Swedish chemist Nils G. Sefstrém discovers the element vanadium. cusm
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1830 Swedish chemist Jéns Jakob Berzelius coins the term isomerism to
describe compounds with identical chemical composition but dif-
ferent molecular structures and properties. The phenomenon was
first noted by Berzelius and Joseph Gay-Lussac in 1824. CHEM

c. 1830 \% Elie de Beaumont develops his influential doctrines on the origin of
mountain ranges, including the basic ideas of tectonic upheaval
and stratigraphical methods. In 1852 he will sum up his work in
the three-volume Notice sur les systémes de montagnes. EARTH

L R R R )

“Nowadays all is looked for at shops. To buy the thing ready
made is the taste of the day: thovsands who are housekeepers
buy their dinners ready cooked.”—William Cobbett, political
writer, on the loss of domestic skills encovraged by the
industrial revolution; in Rural Rides, 1830

LR Y R T YTy

1830 \J British geologist Charles Lyell begins the publication of his
' Principles of Geology (three volumes, 1830-1833), which establish-

es the principle of uniformitarianism in place of the popular theory

of catastrophism. This work lays the foundations of modern dy-

namic geology but also has broad public appeal and helps to make

geology a popular science. EARTH
1830 Alexander Dallas Barche sets up the first U.S. magnetic observato-
ry, in the garden of his home in Philadelphia. RARTH

1830 @ French mathematician Evariste Galois invents group theory and
shows that no equation of any degree higher than the fourth can be
solved by algebraic methods. His work goes unpublished until
1846. See also 1824, Abel. MATH

1830 Charles Babbage publishes his Reflections on the Decline of Science
in England, a critique of British science that results in the formation
of the British Association for the Advancement of Science. misc

1830 P. C. Schmerling finds stone tools, human skulls, and mammoth
bones buried together at a site in Belgium. PALEO

1830 French tailor Barthélemy Thimmonier invents the first single-thread
sewing machine. THCH

1830 The T-rail, which will become standard equipment for rail lines, is
invented by Robert Livingston Stevens. THCH

1830 The world’s first platform scale, the Fairbanks scale, is developed
by American inventor Thaddeus Fairbanks. It operates through a
system of levers and sliding weights as counterbalances. TECH

1831 ¢  British botanist Robert Brown discovers the cell nucleus in plants. sie
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Cyrus Hall McCormick’s reaper. (International Harvester)

1831

1831 ¥
c. 1831

1831
1831

e £
1831 W@

British naturalist Charles Darwin embarks on a five-year voyage
aboard the H.M.S. Beagle. The ship’s principal mission is to chart
South America’s coasts, but Darwin will take the opportunity to
study the flora and fauna of many regions. These researches will
form the basis for his theory of evolution by natural selection pub-
lished in 1859. BiO

American chemist Samuel Guthrie discovers the compound chloro-
form, which will gain wide use as an anesthetic. cHEM

English geologist Adam Sedgwick engages in field work studying rock
succession and the structure of the mountains in North Wales. narm

American meteorologist William Redfield publishes a chart of the
hurricane of 1821, establishing the rotary motion of tropical storms
and identifying their region of origin and paths. BARTH

English physicist Michael Faraday and American physicist Joseph
Henry independently discover that a changing magnetic force can
generate electricity, a process called electromagnetic induction. uys

Michael Faraday invents the dynamo, or electric generator, capable
of producing electricity indefinitely by the turning of a copper
wheel across magnetic lines of force. TRCH

1831 ‘i‘\ -~ Joseph Henry invents the electric motor, in which electric current is

1831 g

1831

used to turn a wheel. TECH

French chemist Charles Sauria invents the first practical phosphorus
match, which lights by friction when struck on a rough surface. e

The new London Bridge, which replaces the 900-year-old original,

is opened to traffic across the Thames River. THCH
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1831 '-&7 Cast iron that can be molded into a variety of shapes is patented by
(%

1831

1832 -

U.S. inventor Seth Boyden. THCH

2 American farmer Cyrus Hall McCormick develops and demon-

\# strates his horse-drawn reaper. Operating through a series of me-

chanical knives, claws, and a metal receptacle, it vastly improves
the efficiency of farming and will be used widely. TECH

British physicist Michael Faraday studies electrolysis, the production of
a chemical reaction by passing electric current through a liquid or solu-

i tion (an electrolyte), and describes the basic laws of electrolysis. ~ cHim

1832

1832

1832

Irish physician Dominic Corrigan describes a full bounding pulse, now
known to be Corrigan’s pulse, associated with heart disease. MED

British physician Thomas Hodgkin describes a disease that enlarges
the lymph tissue, spleen, and liver. Now known as Hodgkin's dis-
ease, it comes to be classified under general lymphomas. MED

The first cholera outbreak in the United States is initially considered
to be the plight of the sinful, from its concentration among immi-
grants and in impoverished big cities. MED

THE ROMANTIC MATHEMATICIAN

rench mathematical genius Evariste Galois (1811-1832) had a
short, tragic life befitting the age of romanticism. The son of a
mayor of a small town near Paris, he participated on the republi-

can side in the Revolution of 1830, was arrested for alleged threats against
King Louis Philippe, tried without success fo get papers published by the
Academy, and finally died at age twenty in a duel over a woman. The night
before the duel, fearing the worst, he wrote a letter to a friend summarizing
his discoveries in the theory of equations and asking that they be submitted
Sfor comment to the era’s leading mathematicians. “After this,” he wrote,
“there will be, I hope, some people who will find it to their advantage to de-
cipher all this mess.”

As it turned out, Galois's “mess” contained a unifying theory of groups
that would prove crucial to modern algebra, geometry, and physics. This
work did not reach a wide audience until 1846, when most of Galois’s pa-
pers were finally published in the Journal de mathématiques. Now consid-
ered a major figure in nineteenth-century mathematics, Galois fulfilled the
romantic destiny of the hero who burns brightly but briefly.
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1832 Scottish phrenologist George Combe continues the earlier work of
Franz Joseph Gall and johann Spurzheim, but turns phrenology into
more of a faddish cult than a science. He will help form more than
forty-five regional phrenological societies that will flourish in the

early twentieth century. PsYCH
1832 The first fully fashioned clipper ship, the Ann McKim, is built in
Baltimore for local businessman Isaac McKim. ™EH
1833 German astronomer Friedrich Wilhelm Bessel completes a catalog
of fifty thousand stars begun in 1821. ASTRO

T R Y

“The whole of the developments and operations of analysis
are now capable of being execvted by machinery....As soon
.as an Analytical Engine exists, it will necessarily guide the
future course of science.”—Charles Babbage, English
mathematician and inventor; on his early nineteenth-century
unrealized vision of what we now call the computer

P R R R N

1833 The first European magnetic observatory is established, at
Gottingen, Germany. AsTRO

1833 French chemist Anselme Payen isolates diastase, a plant enzyme
that speeds the conversion of starch into glucose. It is the first
known organic catalyst that is not itself an organism. cHm

1833 British mathematician Charles Babbage publishes On the Economy
of Machinery and Manufactures, which presents an early form of op-
erations research. MATH

1833 American physician William Beaumont studies the reaction of the
stomach to food, liquid, and emotions through an unhealed ab-
dominal gunshot wound. The wounded man had lived, but the
open gastric fistula left a window into the digestion process. ~ msp

1833 British geologist Charles Lyell identifies new epochs to earth’s histo-
ry: the Recent, Pliocene, Miocene, and Eocene. PALEO

1833 English physicists Michael Faraday and William Whewell coin a
number of terms related to electricity, including.electrode, cathode,

o anode, ion, cation, anion, electrolyte, and electrolysis. PHYS

1833 *‘;i American house construction is revolutionized by the development

of the balloon frame house by U.S. builder Augustus Deodat Taylor.
Its simple wood frame, made of two-by-fours, is sturdier and easier

to build than previous designs. RCH
1833 For the first time, rollers rather than millstones are used to grind
grain in a practice introduced by a Swiss miller. TECH
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1834

1834

1834
1834

1834

1835

Danish scholar Christian Jorgensen Thomsen divides the history of
humanity into the Stone Age, the Bronze Age, and the Iron Age. aren

British mathematician and astronomer john Herschel begins the
first thorough survey of the southern stars. He notes that the
Magellanic clouds discovered by Ferdinand Magellan in 1519-1521
are composed of many individual stars. ASTRO

French chemist Anselme Payen discovers cellulose, the main con-
stituent of the cell walls of higher plants. cHAM

Mining engineer and geologist ]. Charpentier advances the geologi-
cal understanding of glaciers with his paper Notice sur la cause
probable du transport des blocs erratiques de la Suisse. BARTH

W. H. Bensted and Gideon Mantell discover a partial skeleton of Iguan-
odon in Maidstone, England (see also 1825). During this decade five oth-
er dinosaur genera are discovered: Hylaeosaurus, Macrodontophion, The-
codontosaurus, Paleosaurus, and Plateosaurus. PALEO

German geologist Friedrich von Alberti introduces the Triassic
(threefold) system of dating fossils. The oldest and lowest rocks are
the Buntsandstein, with Muschelkalk rocks intermediate and Keuper
rocks the highest and youngest. See also 1780 and c. 1800.  pawse

French physicist Jean-Charles-Athanase Peltier discovers the so-
called Peltier effect, the change in temperature produced when an
electric current passes through a juncture between two different
metals or semiconductors. PHYS

German scholar ]. F. Herbert describes psychology, a term originally in-
troduced in 1734 by Christian von Wolff, as a science based on experi-
ence, mathematics, metaphysics, and possible experimentation. psven

English mathematician and inventor Charles Babbage begins work
on an “analytical engine” to perform arithmetic operations on the
basis of instructions from punched cards. Now regarded as the
forerunner of the modern digital computer, this engine was never
completed. THCH

Hansom cabs, designed by British architect Joseph Aloysius
Hansom, are used for passenger trade in London. THCH

Braille, a system of raised print for the blind, is developed by
French teacher Louis Braille, a blind man himself. TECH

A compression machine that cools water through a process of heat
absorption is introduced by American inventor Jacob Perkins. His
invention promotes further study of gas refrigeration. TECH

This year’s edition of the Roman Catholic church’s Index of
Prohibited Books is the first since the seventeenth century not t6 in-
clude the heliocentric works of Copernicus, Galileo, and Kepler. The
decision to lift the ban was actually made in 1822. AsTRO
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English naturalist Charles Darwin visits the Galapagos Islands off
Ecuador. This island chain’s distinctive life forms, particularly its
finches, provide him with evidence for the evolution of species. mo

French chemist C. S. A. Thilorier creates dry ice when he succeeds
in freezing carbon dioxide into a solid form. During his experi-
ments he induces temperatures as low as ~110° C, the lowest tem-
perature yet reached on the earth’s surface. cHEM

Swedish chemist [6ns Jakob Berzelius coins the term catalysis for
the action of agents that aid a chemical reaction but are not affect-
ed by it. ¥ cHam
French physicist Gaspard-Gustave de Coriolis describes the Coriolis
force, which is the apparent deflection of a moving body caused by
unequal rates of rotation between two rotating systems, such as the
earth and the air. The Coriolis force will become important later in
understanding winds and ocean currents. BARTH

Irish physician Robert Graves describes the thyroid condition called
Graves’s disease. MmiD

German physician Theodor Schwann discovers pepsin, the chief
enzyme in gastric juice. MED

English geologist Adam Sedgwick names the Cambrian period. paise

Scottish geologist Roderick I. Murchison identifies the Silurian
period. PALIO

Physicist Heinrich Lenz formulates Lenz’s law, that an induced
electric current always flows in such a direction as to oppose the
change producing it. PHYS

Zinc-coated galvanized iron is developed in France. ™CH

British astronomer Francis Baily notes Baily’s beads, the bright
spots along the moon’s edge visible during a total eclipse. ASTRO

By use of a microscope, yeast is found to be a living organism. mio

French chemist Auguste Laurent shows that a chlorine atom can be
substituted for a hydrogen atom in a compound without great
change in the compound’s properties. cHEM

French mathematician Joseph Liouville founds the influential
Journal de Mathématiques Pures et Appliguées. MATH

British chemist John Frederic Daniell invents the Daniell cell, a bat-
tery that uses copper and zinc electrodes and is more reliable than
the voltaic cell of 1800. ‘ TECH

U.S. inventor Samuel Colt develops the Colt six-shooter revolver,
which in many incarnations over the years becomes a popular
firearm. THCH
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1838

French mathematician Pierre Wantsel proves that doubling the
cube and trisecting the angle are impossible using the ancient
Greek rules of employing only a straightedge and compass for geo-
metric constructions. Similarly, squaring the circle is later shown to
be impossible. MATH

French mathematician Siméon Poisson discovers Poisson’s law,
part of the theory of probability. ' MATH

The Cambridge Mathematical Journal is founded in England.  mam

Smallpox again ravages Native Americans, this time carried by
whiskey peddlers on the Missouri River. Recourse to the tradition-
al Native American remedy of sweat baths only makes the fever
worse. Many Native Americans drown themselves in the river
or cut their own throats to escape the pain and suffering of the
disease. map

French surgeon Marie-Jean-Pierre Flourens discovers that the lower
portion of the brain stem, the medulla oblongata, is the body’s res-
piratory center. MED

In England an electric telegraph is patented by scientists Charles
Wheatstone and William Fothergill Cooke. In the United States a
magnetic telegraph is patented by American inventor Samuel F. B.
Morse. A Morse code to translate the English alphabet and Arabic
numerals into dots and dashes is developed by Morse and his assis-
tant Alfred Vail. THCH

The Pitman shorthand system, which translates phonetic sounds
and common phrases into stylized page markings, is developed by
Englishman Isaac Pitman. TECH

The first steam-powered thresher, more efficient than earlier ver-
sions, is patented by American inventors John and Hiram Pitts. rees

German astronomer Friedrich Wilhelm Bessel is the first to correctly
calculate the distance of a star. He uses a heliometer, a device for
measuring distances in the sky, to measure the parallax of the star
61 Cygni and deduce its distance, about eleven light-years. ASTRO

Dutch chemist Gerardus Johannes Mulder coins the word protein
(from the Greek for “first”) to describe the molecule that is the ba-
sic building block of albuminous substances and, as is later found,
of all living things. cHEM

French archaeologist Jacques Boucher de Perthes presents his theo-
ry that unusual stone objects found near Abbeville, France, are
tools made by humans sometime before the Great Flood. PALEO

British physicist Michael Faraday discovers a phosphorescent glow
produced by electric discharges in low-pressure gases. PHYS
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British physician Robert Gerdiner Hill, while serving as a surgeon
at the Lincoln Asylum, institutes nonrestraint policies for mental
patients, insisting that restraints are “never justifiable and always
injurious.” PEYCH

American psychiatrist . Esquirol recommends applying leeches to
the anus of mentally ill patients suffering from depression, then, af-
ter the leeches have formed hemorrhoids, removing the leeches
and draining the hemorrhoids. This bloodletting is thought to draw
the mental malady away from the patient’s brain. PSYCH

French philosopher Auguste Comte coins the term sociology. He is
considered the founder of this discipline as well as of the philo-
sophical school known as positivism, which holds that the only real
(“positive”) knowledge is that which is gained by observation and
experiment. soc

The first transatlantic crossing by ships powered entirely by steam
is completed by British ships the S.S. Sirius and S.S. Great Western,
which travel from England to New York. THCH

John Lloyd Stephens and Frederick Catherwood begin an expedi-
tion in which they will discover Mayan ruins in Copan and other
sites in Central America. ARCH

British astronomer Thomas Henderson makes a nearly correct esti-
mate of the distance of the star Alpha Centauri at 4.3 light-years
away. ASTRO

British naturalist Charles Darwin publishes the journal of his
1831~1836 voyage on the H.M.S. Beagle. See also 1831 and 1835. mio

Swedish chemist Carl Gustaf Mosander discovers the rare earth ele-
ment lanthanum. ‘ CHEM

In a joint paper titled “On the Physical Structure of Devonshire”
Adam Sedgwick and Roderick Murchison name the Devonian
period. PALEO

French inventor Louis Daguerre introduces the first commercially
iable photographic process, the daguerreotype, in which a direct
positive image is made on a silver-coated plate. _CH

British physicist William Robert Grove invents the fuel cell, an elec-
tric cell that runs on hydrogen and oxygen fuel, but the device is
never made economical enough for general use. TECH

U.S. inventor Isaac Babbitt invents the group of alloys known as
Babbitt metals used in making bearings. THCH

The first full-fledged bicycle is built in Scotland by blacksmith
Kirkpatrick MacMillan. See also 1861, velocipede. ™men
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“¢ American hardware buyer Charles Goodyear discovers a process to

"’% * “vulcanize” rubber, by which it retains its elasticity in all weather.

Previously, rubber became sticky in warm weather and brittle in
cold. ‘ THCH

At Nineveh, Iraq, British archaeologist Sir Austen Henry Layard be-
gins to excavate the remains of the clay tablet library of King
Assurbanipal of Assyria (669-663 B.C.). Later excavations in
1852~1854 uncover parts of the Epic of Gilgamesh, among other
texts. See 1872. ' ARCH

British naturalist Charles Darwin earns a reputation as a geologist,
especially for his explanation of the formation of coral atolls. =arm

German-born Russian astronomer Friedrich Wilhelm von Struve calcu-
lates the parallax of the star Vega, twenty-seven light-years away. asmo

Swiss-Russian chemist Germain Henri Hess formulates Hess’s law,
or the law of constant heat summation, which states that the
amount of heat developed or absorbed in a chemical reaction is
fixed, regardless of the route taken. This discovery marks the be-
ginning of thermochemistry, the study of the interrelationship of
heat and chemical reactions. CHEM

ONLY THE NAME WAS GOODYEAR

n 1839, when a combination of rubber, sulfur, and white lead over-
heated in shopkeeper Charles Goodyear's kitchen, a temperature-
resistant rubber was created that would revolutionize transportation,

public health, and everyday life. But credit for the material that lined a
raincoat or formed the hose that brought water to a burning building would
not go to Goodyear, who had depleted his savings and could not develop his
Jfindings in time to obtain the first patent.

Instead, the spoils for inventing vulcanized rubber went to scientists and
entrepreneurs who used Goodyear’s experimental findings. These included
Englishman Thomas Hancock, who refined Goodyear’s work and received
the first British patent for durable rubber; and American surgeon Benjamin
Franklin Goodrich, who foresaw the myriad uses of rubber, beginning with
the rubber hose, and founded his own rubber-manufacturing business, the
B. F. Goodrich Co., in 1870.

Even when the Goodyear Tire and Rubber Co. was founded in 1898 by
Frank Sieberling, it was in no way affiliated with the inventor, a reqular in
debtors’ prison who had died in 1860 nearly one-half million dollars in debt.
[n the case of the Goodyear Tire and Rubber Co., only the name was Goodyear.
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1840 German-Swiss chemist Christian Friedrich Schénbein discovers
ozone, later identified as a form of oxygen by Irish physical
chemist Thomas Andrews. cHEM

1840 Philadelphia physicist A. D. Bache sets up an elaborate magnetic
observatory in a specially designed nonmagnetic building at Girard
College. EARTH

1840 - Swiss zoologist and geologist Louis Agassiz advances his theory of
¢ ice ages in his Etudes sur les glaciers, using evidence of glaciation in
Switzerland and other parts of Europe. EARTH

1840 American explorer Charles Wilkes concludes that the South Polar
land mass is continental in size. Twice as large as Australia, it lies
almost completely within the Antarctic Circle. RARTH

1840 In Philadelphia‘the Association of American Geologists is formally
organized. BARTH

1840 British physicist James P. Joule formulates the first of Joule’s laws,
& -describing the heat produced when an electric current flows

through resistance for a given time. Joule’s second law states that,

ﬁ\ for ideal gases, the internal energy of a given mass of gas is a func-

tion of temperature alone, not of volume or pressure. PHYS

1840 French chemist Alexandre-Edmond Becquerel discovers that light can
stimulate chemical reactions that result in an electric discharge. euvs

1840 The term negative, referring to the reverse image created during the
photographic process, is coined by astronomer Sir F. W. Herschel. maen

1841 German astronomer Friedrich Wilhelm Bessel discovers that the
star Sirius has a dark companion, Sirius B, which will later become
the first known white dwarf star. ASTRO

1841 Swiss embryologist Rudolf Albert von Kélliker describes spermato-
zoa and provides evidence to support neuron theory. sio

1841 \zi” Swedish chemist Jons jJakob Berzelius discovers allotropy, the exis-
tence of two or more different forms of an element, when he con-
verts charcoal into graphite. cHEM

1841 Scottish missionary David Livingstone reaches Cape Town, then
moves northward, attempting to convert Africans, becoming the
first Westerner to explore the Kalahari Desert. EARTH

1841 English anatomist and paleontologist Richard Owen describes two
new genera of dinosaurs, Cladeidon and Cetiosaurus. PALEO

1841 Richard Owen coins the name Dinosauria (“terrible lizard”) for the
group of reptiles that includes Megalosaurus and Iguanodon. — pa©
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The first professional psychiatric association in the world, the
Association of Medical Officers of Asylums and Hospitals for the
Insane, is founded in England. In 1971 it will become known as the
Royal College of Psychiatrists. PsYCH

American schoolteacher Dorothea Dix begins campaigning to re-
form the care of the mentally ill and poor in almshouses. Between
1841 and 1880 Dix is directly responsible for the creation of thirty-
two new state insane asylums. PSYCH

Scottish surgeon James Braid witnesses demonstrations of mes-
merism. Initially skeptical, he eventually proves that this “nervous
sleep” can be induced by having a patient fixate on an object
placed above the line of vision. Braid will later realize that sugges-
tion is of primary importance to hypnosis. He will be considered
the discoverer of hypnosis and credited with taking the phenome-
non out of a magical, mystical arena and applying it to the physio-
logical realm. PSYCH

British inventor William Henry Fox Talbot patents a new photo-
graphic process, which involves the making of a paper negative
(the calotype) from which any number of paper positives can be
printed. Talbot’s calotype method, forerunner of modern photo-
graphic processes, will eventually supersede that of Louis Daguerre
in 1839. TECH

In Paris, arc lights for streets are demonstrated. TRCH

The first usable breech-loading (rather than muzzle-loéding) rifle,
the needle gun, is developed by Prussian gunmaker Johann
Nikolaus von Dreyse. TECH

Austrian physicist Christian Johann Doppler discovers the Doppler
effect: an apparent shift in wavelengths toward higher frequency as
a source of light or sound approaches, and toward lower frequency
as it recedes. See also 1848, Fizeau. PHYS

American psychologist and philosopher William jJames is born in
Massachusetts (d. 1910). Known as the dean of American psycholo-
gists, he will develop the school of functionalism, which seeks to
understand the conscious aspects of mental life. James will advo-
cate a pragmatic viewpoint on life and theology and struggle with
the issues of mental and emotional freedom. Two of his most im-
portant works will be Principles of Psychology (1890) and Varieties
of Religious Experience (1902). PSYCH

Heinrich Samuel Schwabe discovers the sunspot cycle, a semiregu-
lar fluctuation in sunspot activity, later found to occur in periods of
eleven years. AsTRO
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England’s Rothamsted Experimental Station is established by
English agriculturalist John Lawes and chemist Joseph Henry Gilbert
for the study of wheat and other grains. si0

Swedish chemist Carl Gustaf Mosander discovers the rare earth ele-
ments erbium and terbium. About this time he also chemically iso-
lates the rare earth element yttrium, first discovered by Johan
Gadolin in 1794. CHEM

Irish mathematician William Hamilton invents a self-consistent al-
gebra of hypercomplex numbers, which he calls quaternions. mam

. British mathematician Arthur Cayley works out the analytic geome-

try of three or more dimensions, which will be called n-dimensional
analytic geometry. MATH

American physician and author Oliver Wendell Holmes reports that
childbed fever is contagious, but his peers scoff at the idea. MmID

British physicist James P. joule formulates the mechanical equivalent

“ of heat, the ratio of a unit of mechanical energy to the equivalent

unit of thermal energy. Symbolized as J, it has an approximate value
of 41,800,000 ergs (4.18 joules) per calorie. This discovery shows a
fixed quantity of work results in a fixed amount of heat. PHYS

German physicist Julius Robert von Mayer discovers that heat and
mechanical work have a direct relationship and are different forms
of energy. PHYS

In England, the House of Lords decides that an individual is not re-
sponsible for a crime he has committed if the person is “laboring
under a defect of reason” and has a diseased mind. The M’Naghten
rule, as it will be called, will not have a U.S. counterpart until the is-
suance of the Durham rule in 1954. PSYCH

French physiologist Marie-Jean Baptiste Flourens refutes phrenol-
ogists’ claims by proving that the skull’s contours do not corre-
spond to those of the brain, thus disproving the basic assumption
of phrenology. Despite this evidence, phrenology long persists as
a fad. PSYCH

British engineer Sir George Cayley designs, on paper, the first prac-
tical helicopter. THCH

British inventor Charles Wheatstone popularizes, though he does
not invent, the Wheatstone bridge, an electrical circuit that precise-
ly measures the value of a resistance. TRCH

American farmer Jerome Increase Case develops the Case thresh-
ing machine, more efficient than earlier thresher designs. TECH

U.S. shop apprentice Elias Howe, Jr., invents the interlocking-stitch
Howe sewing machine. . TECH
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Howe's sewing machine, the first patented lockstitch machine,
1846. (Smithsonian Institution)

1844 French scientists Jean-Baptiste Boussingault and Jean-Baptiste
Dumas, experimenting with plant decomposition, prove that as
plants decompose their carbonic acid is reduced to carbon, water
to hydrogen, ammonium hydroxide to ammonium, and nitric acid
to nitrogen. BiO

1844 British writer Robert Chambers anonymously publishes Vestiges of
the Natural History of Creation, a controversial work that promotes
the idea of biological evolution, influencing Charles Darwin and

Alfred Wallace (see 1859, Darwin). BIO
1844 Russian chemist Karl K. Klaus discovers the element ruthenium. cusm
1844 German mathematician Hermann Grassmann publishes his Theory
of Extension, in which he gives a detailed exposition of n-dimen-
sional vector space. MATH
1844 Amyl nitrite, a drug later used to dilate blood vessels, is discovered. map
1844 The American Psychiatric Association is founded. PSYCH
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1844 ~ U.S. entrepreneur Henry Wells begins an express delivery service
between Buffalo and Detroit, beginning a company called Wells &
Co., which eventually develops into Wells, Fargo & Co. eH
1844 + German engineer Gottlob Keller pioneers the wood-pulp paper

process, which creates an inexpensive paper for periodicals.  mmen

May 24;..\ . The first telegraph message, from Washington, D.C., to Baltimore,
1844 2 Maryland, is transmitted. Sent by Samuel F. B. Morse to his assis-
tant Alfred Vail, it reads, “What hath God wrought!” TECH
~“What hath God wrovght!"—-Samuel F. B. Morse fo assistant
Alfred L. Vail, quoting the Bible {[Numbers 23.23) in the first
telegraph message, sent from the Supreme Court Room of the
U.S. Capitol to the Mount Claire Station of the Baltimore &
Ohio Railroad; Baltimore, Maryland; May 24, 1844

D Y

1845 English chemist Michael Faraday identifies six “permanent gas-
es” that cannot be liquefied with the then-current technology:
hydrogen, oxygen, nitrogen, carbon monoxide, methane, and ni-

tric oxide. CHEM
1845 German chemist Christian Friedrich Schénbein discovers the explo-
sive nitrocellulose, or gun cotton. cHEm
1845 British geologist Charles Lyell publishes Travels in North America,
on his recent investigations there. SARTH
1845 American gynecologist James Marion Sims (1813-1883) is the first

to surgically relieve a woman suffering from vesicovaginal fistula,
an opening from the bladder into the vagina. Sims will later invent
the vaginal speculum. MED

1845 American dentist Claudius Ash originates the single porcelain tooth,
which can be set individually into plates for false teeth. This tech-
nique eventually replaces older methods like jamming teeth gath-
ered from the dead into a socket prepared in the recipient’s gums
and wearing dentures made of celluloid, cloth, and ivory. MED

1845 British physicist Michael Faraday discovers paramagnetism and
diamagnetism, and suggests that light is a form of electromagne-
tism, from his observations of the effects of a magnetic field on
light polarization in crystals. PHYS

1845 German psychiatrist Wilhelm Griesinger publishes his textbook
Mental Pathology and Therapeutics, a turning point in psychiatry
that shifts the center of the science from France to Germany. psven

1845 The hydraulic crane is patented by British inventor William
Armstrong. ‘ THCH

154




THE TIMELINE BOOK OF SCIENCE 18453

1845 u%
I

1846

1846

Sept. 23,
1846

The first cable suspension aqueduct bridge, spanning the Allegheny
River in Pittsburgh, Pennsylvania, is opened to traffic. The 162-foot
bridge is constructed by German-American engineer John Augustus
Roebling. N

British archaeologist Henry Creswicke Rawlinson deciphers
cuneiform, an ancient Mesopotamian script, from an inscription in
three languages carved into a cliff in Persia during the reign of
Darius the Great (521-486 B.C.). He works without knowing the
studies of German Georg F. Grotefend, whose 1802 translation of
cuneiform went unnoticed. ARCH

Mounds built by Native Americans in the Mississippi River Valley,
including the Serpent Mound in what is now Ohio, are excavated
by E. George Squier and Edward H. Davis. ’ ARCH

German astronomer Johann Gottfried Galle and his assistant
Heinrich d’Arrest are the first to sight Neptune, the eighth planet
from the sun, corroborating predictions by French mathematician
Urbain-Jean-Joseph Leverrier and British mathematician John
Couch Adams, who are credited with the discovery. AsTRO
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“The animal frame, though destined 1o fulfill so many other
onds, is as a machine more perfect than the best contrived
steam-engine—that is, is capable of mere work with the
same expenditure of fuel.”—James Prescott Joule,

Oct. 10,
1846

1846

1846

1846

1846

British physicist; mid-nineteenth contury

L T T T

British astronomer William Lassell discovers Triton, a satellite of
Neptune. AsTRO

American explorer and scientist James Dana publishes Zoophytes,
in which he classifies and describes the physiology and ecology of
hundreds of these invertebrate animals. Zoophytes include sea
anemones and sponges. si0

New York professor Elias Loomis publishes the first synoptic weath-
er map. BARTH

British naturalist Edward Forbes, a pioneer in biogeography, main-
tains that most of the plants and animals of the British Isles migrat-
ed there from the European continent over land connections before
and after the glacial epoch. BARTH

The Smithsonian Institution is founded in Washington, D.C., with a
bequest from British chemist and mineralogist James Smithson. misc
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American dentist Williamm Thomas Morton (1819-1868) introduces

. ether anesthesia. After success with nitrous oxide in tooth removal,

Morton collaborates with Massachusetts General Hospital surgeon
John Warren to use ether during an operation to remove a neck tu-
mor. The surgery is a success, and when the patient recovers he
says he felt no pain. MED

French chemist Louis Pasteur studies the phenomenon of optical
activity, the ability of certain substances with asymmetric mole-
cules to rotate the plane of plane-polarized light as it passes
through a crystal or solution. He discovers that molecules of these
substances exist in two different forms that are mirror images of
each other. PHYS

German physicist Wilhelm Eduard Weber develops a system of fun-
damental units for electricity and a method for deducing the mag-
netic force on a charged particle. PHYS

German philosopher Theodor Waitz writes a fundamental psycholo-
gy book, Foundations of Psychology. PSYCH

Boston machinist Elias Howe patents the first modern sewing ma-
chine. Powered by a hand-driven wheel, it has a double-thread,

lockstitch system. . TECH
The Pennsylvania Railroad, eventually one of the nation’s largest, is
chartered. THCH
A standard gauge for railroads is adopted in Britain. THCH

U.S. manufacturer Richard Hoe patents his rotary, or “light-
ning,” press, which prints more efficiently by being cylinder-
rather than flatbed-driven. TECH

American astronomer Maria Mitchell discovers a comet. She will
become the first woman member of the American Academy of Arts
and Sciences (1848) and the American Association for the
Advancement of Science (1850). ASTRO

German botanist Matthias Jakob Schleiden and German zoologist
and botanist Theodor Schwann publish in Beitrége zur Phytogenesis
what will become the basis for modern cell theory. These scientists
argue that cells are the fundamental organic units common to all
living beings and develop by “free formation” out of formless cyto-
blastemic substances in the same basic way. German zoologist
Robert Remak and pathologist Rudolf Virchow will further develop
the Schleiden-Schwann cell theory. BIO

A
alian chemist Ascanio Sobrero first produces the explosive nitro-

glycerin. CHEM
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1847

1847

German chemist Lambert Babo states Babo’s law, that the vapor
pressure of a liquid decreases with the addition of a solute, the
amount of the decrease being proportional to the quantity of solute
dissolved. CHEM

The Association of American Geologists changes its name to the
American Association for the Advancement of Science, holding reg-
ular annual meetings from this year forward. Unlike its European
counterparts, the AAAS becomes a forum for the exchange of sci-
entific information without regard to social status, and spends little
money on formal activities. EARTH

“All the varied forms in the animal tissuves are
nothing but transformed cells.”—Theodor Schwann,

German physiologist, outlining the underlying principle

1847

1847

1847

1847

1847

of the cell theory he developed with Jakob Matthias
Schleiden; ninefeenth contury

L T T N S F R R R ]

English mathematician George Boole publishes The Mathematical
Analysis of Logic, the founding work of Boolean algebra or symbolic
logic. In it Boole develops a set of symbols and algebraic manipula-
tions that express logical arguments. MATH

7

English inventor Charles Babbage designs the first ophthalmoscope
with which to study the retina, but his invention is neglected and
Hermann von Helmholtz later receives the credit. See 1851. MmiD

The American Medical Association is established and holds its first
meeting in Philadelphia. . MED

# Hungarian physician Ignaz P. Semmelweis discovers that puerperal
sepsis (childbed fever) occurs when medical students fail to wash
their hands before delivering babies. After he requires students to
wash their hands with soap and chlorinated lime, the death rate in
that maternity ward drops significantly. Semmelweiss and Oliver
Wendell Holmes will be ridiculed for their views on childbed fever
but eventually will be proven correct. mED

W German physicist Hermann Ludwig Ferdinand von Helmholtz
states the law of conservation of energy, the first law of thermody-
namics: In an isolated system, the total amount of energy does not
change. Fellow German Julius Robert von Mayer (in 1842) and
English physicist James P. Joule (in 1847) also contribute to the de-
velopment of this law. PHYS
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NO SUCH THING AS A FREE LUNCH

he first and second laws of thermodynamics (the study of the in-

terrelation of enerqy; heat, and work) are the bane of wishful

thinkers in all walks of life. They can be expressed mathematical-
ly as physical principles, but from their initial formulation in the nine-
teenth century they have carried philosophical implications as well.

The first law, credited to German physicist Hermann von Helmholtz in
1847, states that the total amount of enerqy in an isolated system does not
change. Also known as the law of the conservation of enerqy, it implies that
if you build a machine to turn a wheel, cool a room, or cook a hamburger
you must draw off the energy from somewhere else. Put simply, there is no
such thing as a free lunch.

The second law, formulated by German physicist Rudolf Clausius in
1850, states that the disorder of an isolated system (the unavailability of
energy to do useful work) increases with time or, at best, remains constant.
This law is also known as the law of entropy, after a term Clausius coined
Sfor a measure of a system’s disorder. Another way of stating it is that
whenever work takes place, some energy is converted into waste heat. This
means that having a perpetual motion machine—such as a steamship that
would run eternally by using the heat from its own pipes to heat more wa-
ter and make more steam—is in principle impossible. It also means that
the total disorder of the universe will inevitably become greater, not less.

A third law of thermodynamics, the law of absolute zero, was formulat-
ed by German physical chemist Walther H. Nernst in 1906. It states that all
bodies at absolute zero would have the same entropy. though absolute zero,
the state at which all molecular motion stops, can never be completely at-
tained. This law is important to physicists because it provides an absolute
scale of values for measuring entropy. But because it is less easy than the
other two laws to translate into everyday terms, it has never been as popu-
lar among armchair philosophers.

1847

1847

1847 4  English-born American scientist John W. Draper discovers that all
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materials begin to glow red at about 525° C (977° F) and change

color as the temperature rises until they finally glow white.

A process for cutting dressmaker patterns for use with the newly

invented sewing machine is developed by American tailor

Ebenezer Butterick.
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The first adhesive postage stamps are used, in the United States. Teen
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1848
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1849

1849
1849

In the industrial regions of England a dark-colored variety of pepper
moth replaces light-colored ones after industrial air pollution begins
blackening trees, making the light-colored moths visible to insect-
eating birds. This example of an adapted organism reproducing in
greater numbers than a competing strain becomes a classic instance
of natural adaptation by a process of differential reproduction.  sie

French chemist Louis Pasteur notes that one form of tartaric acid
bends light to the left, the other to the right. This discovery will be
important in the development of stereochemistry, the branch of
chemistry concerned with molecular structure and its impact on
chemical properties. See 1874, van't Hoff. cHEM

New England theologian and geologist Edward B. Hitchcock pub-
lishes a study of fossil tracks he has collected in the Connecticut
Valley. He proposes that the tracks are those of extinct birds, but
they will turn out to be those of dinosaurs. See also 1800, Moody,
and 1915, Lull. PALEO

French physicist Armand Hippolyte Louis Fizeau notes that the
Doppler effect in light (see 1842) is best observed by monitoring
the changing positions of spectral lines, known as the Doppler-
Fizeau effect. PHYS

British physicist William Thomson, later Lord Kelvin, theorizes that
there is an absolute temperature, absolute zero, below which no
further energy loss is possible, and that this temperature should be
the starting point of a new absolute scale of temperature. With ab-
solute zero at —273.15° C, this scale is henceforth called the Kelvin
scale. PHYS

French astronomer Edouard-Albert Roche formulates Roche’s limit,
specifiying the distance from a planet within which tidal forces will
tend to break a satellite apart. The concept is later advanced to ex-
plain Saturn’s rings, which are within Roche’s limit. AsTRO

British physician Thomas Addison describes pernicious anemia. map

Elizabeth Blackwell, America’s first female physician, graduates
from Geneva College of Medicine in upstate New York. mED

British physicist William Thomson introduces the term thermody-
namics. PHYS

A safety pin is patented by American inventor Walter Hunt. THCH

In New York City, American inventor James Bogardus completes a
commission to build the first prefabricated homes. His iron-and-
glass constructions start a trend that extends to several American
cities. ‘ ™en
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Beginning now, British mathematician James Joseph Sylvester coins
numerous mathematical terms that will become accepted, such as
syzyqy. cogredient, invariant, covariant, and contravariant. MATH

A generation of social theorists who will be known as legalists, in-
cluding Léon Duguit, Maurice Hauriou, and Georg Jellinek, is born.
Near the end of the century-they will help establish political science
as a separate academic discipline. soc

The first photographic plates are used to record images of stars and
the moon, foreshadowing the later importance of photography as a
tool of astronomy. AsTRO

Irish engineer Robert Mallet coins the term seismology to refer to the
study of earthquakes and the earth’s mechanical properties.  zarTH

British sanitarian Sir Edwin Chadwick establishes that poverty and
sickness are linked. In his report on the “labouring poor” to
England’s Poor Law Commission, Chadwick says eradicating dis-
ease is hopeless unless poverty is also eradicated. MED

Epidemiology, the study of the causes, distribution, and control of
disease, becomes a branch of medical science as physicians seeking
to prevent disease form the London Epidemiological Society.  mmp

Building on experiments the previous year by French physicist
Armand-Hippolyte-Louis Fizeau, his assistant, Jean-Bernard-Léon
Foucault, determines the speed of light to within less than 1 per-
cent of its actual value. PHYS

German physicist Rudolf julius Emanuel Clausius formulates the

_second law of thermodynamics, which states that the disorder of a

closed system increases with time, or that some energy is always
lost as heat in any energy conversion. Clausius later coins the word
entropy for the ratio of a system’s heat content to its absolute tem-
perature, which serves as a measure of its disorder. PHYS

Using the thermopile he has invented, Italian physicist Macedonio
Melloni studies infrared radiation, showing that it consists of waves
of the same structure as light but longer. PHYS

In Grimma, Saxony, German experimental psychologist Georg
Elias Mdller is born (d. 1934). His 1873 doctoral dissertation will
be the first empirical study on attention. An expert on vision and
memory, he will codiscover Jost’s law, the law which states that
when two associations are of equal strength, a repetition strength-
ens the older one more than the newer one. Miiller will also intro-
duce the memory drum, a device for verbal recall used in learning
experiments. PSYCH
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1851

1851

1851

1851

1852

1852

Boston machinist Isaac Singer patents a foot-operated sewing ma-
chine that becomes a commercial success. Elias Howe (see 1846)
later sues him, successfully, for patent infringement. TECH

The lllinois Central becomes the first U.S. railroad to receive a gov-
ernment land grant. Eventually it will be the leading north-south
line in the United States. TECH

British astronomer William Lassell discovers Ariel and Umbriel, two
satellites of Uranus. ASTRO

French physicist Jean-Bernard-Léon Foucault constructs a
pendulum experiment that demonstrates the rotation of the
earth. EARTH

German mathematician Georg Friedrich Bernhard Riemann writes
his doctoral thesis cn the theory of complex functions, introducing
the Cauchy-Riemann equations and laying the basis for the concept
of the Riemann surface, an important step in the development of
topology. MATH

German surgeon Hermann von Helmholtz invents the ophthalmo-
scope, an instrument for examining the interior of the eye, inde-
pendently of Charles Babbage’s version (see 1847). mmp

Irish-born British physicist George Gabriel Stokes introduces a
mathematical formula for the fall of a small body, such as a
droplet, through a fluid, like air. PHYS

English philosopher and economist John Stuart Mill publishes his
Principles of Political Economy, which will be a basic economic text
for decades. soc

The Crystal Palace, assembled from prefabricated elements, is built
to house the Great Exhibition of 1851 in London. This huge enclo-
sure of glass and iron is a precursor to the glass and steel buildings
of modern architecture. TECH

The wet collodion process for developing photographs, which will
replace the Daguerreotype process, is developed by English archi-
tect Scott Archer. THCH

German scientist Hermann von Helmholtz determines the speed at
which messages travel along nerves. Bio

English chemist Edward Frankland formulates the theory of va-

"*‘%’ lence, stating that an atom of a given element is able to combine

‘with a fixed number of other kinds of atoms according to certain
basic rules. An atom’s valence will later be found to be related to its
atomic weight. CHEM
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1852 French physicist Jean-Bernard-Léon Foucault invents the gyro-
scope. ' mARTH
1852 French mathematician Michel Chasles publishes Traité de géométrie
supérieure, which establishes the use of directed line segments in
pure geometry. MATH
1852 The American Pharmacy Association is founded. M

1852 /‘ﬁ German physician and physiologist Robert Remak shows that tis-
7~ sue growth is due to cell division. aD

1852 British physicists James P. Joule and William Thomson, Lord Kelvin,
demonstrate the Joule-Thomson effect, the temperature change
(usually a drop) that occurs when a gas expands through a porous
plug into a region of lower pressure. PHYS

1852 British physicist George Stokes gives the name fluorescence to the glow
observed when an electric current passes through a partially evacuated
tube. This term will later be used for any visible light resulting from a
collision of matter and radiation rather than a rise in temperature. puys

1852 An oil distilled from coal tar, developed and sold by Boston drug
makers as coal oil, will eventuaily be known instead by the name
given it in 1855 by New York physician Abraham Gesner, kerosene.

Among its uses are as a patent medicine and lamp oil. TECH
1852 On the Michigan Southern Railway, the first train successfully trav-
els from the East Coast to Chicago. TECH
1852 American mechanic Elisha Graves Otis patents the safety elevator,

also known as the safety hoister. This cagelike apparatus, which op-
erates by a combination of rope, grips, and ratchets, will become a

key factor in the proliferation of multistory buildings. ' THCH
Sept. 24, French engineer Henri Giffard takes the first dirigible for a
1852 7 flight. THCH

P eI s e 0N SsEsREENERNENENERNRRORORRERIRRRSS

“IW]ithin half a century, machinery will perform all work—
aviomata will direct them. The only tasks of the human race
will be to make love, study, and be happy.”
==The United States Review, 1853

R R R R R ]

1853 Italian chemist Stanislao Cannizzaro discovers the Cannizzaro reaction,
a reaction of aldehydes to yield carboxylic acids and aicohols. cHEM
1853 On Coral Reefs and Islands, published in New York by J. D. Dana,
confirms Darwin’s subsistence theory of the formation of coral
atolls and offers new insight on corals and reefbuilding. EARTH
1853 Mathematician William Shanks calculates pi to 707 decimal places,
though only the value to 527 places is correct. MATH
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1853 3  French physicist Jean-Bernard-Léon Foucault shows that light trav-
els faster in air than in water, a discovery that lends support to the
wave theory of light. PHYS

1853 % Scottish physicist William J. M. Rankine develops the concept of po-
. ‘“tential energy, or the energy stored in a body due to its position or

shape. PHYS
1853 British engineer George Cayley designs and builds the first success-
ful manned glider. THCH
1853 Swedish inventor J. E. Lundstrom patents the safety match. THCH

L T R R T R Y R R L]

“All safe. All safe, ladies and gentiemen.”—Elisha Otis,
stepping from his newly invented elevator; after a
demonstration at the New York Industrial Fair; 1854

L N Y R R R I ]

1854 |, German scientist Hermann von Helmholtz predicts the “heat

A death” of the universe, which he argues will result when the uni-
Vv verse reaches a state of uniform temperature. AsTRO
1854 2 Von Helmholtz posits that gravitational contraction is the source of

the sun’s heat. From this hypothesis British physicist William
Thomson calculates that the sun’s age is about 25 million years,
which conflicts with geology’s estimate of a much older age for the
earth. The conflict is not resolved until 1938, when thermonuclear
fusion is proposed as the principal source of the sun’s energy. AsTmo

1854 British chemist Alexander W. Williamson explains how a catalyst
works. See also 1835, Berzelius. cHEm
1854 While searching for an undersea path for the transatlantic cable,

U.S. oceanographer Matthew F. Maury discovers Telegraph Plateau,
a shallow section of the Atlantic Ocean. This is the first importarit
physical discovery about the ocean floor. : SARTH

1854 German mathematician Georg Riemann develops a non-Euclidean
geometry that resembles the geometry for the surface of a sphere.
In his system all lines intersect and are finite in length, and no two
lines are parallel. MATH

1854 Between now and the 1870s, English mathematicians Arthur
Cayley and James Joseph Sylvester develop the algebra of forms,
or quantics, representing the beginning of the theory of algebraic
invariants. MATH

1854 German obstetrician Karl S. F. Credé devises a means of excising
the placenta and uterine clots to reduce the risk of hemorrhage fol-
lowing childbirth. ' M
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1854 Spanish vocal instructor Manuel Garcia invents the modern laryn-
goscope, making otolaryngology—the sciences of the ear, nose,
and larynx—possible. MmEp

1854 British physician john Snow advises the vestrymen of St. James’s

parish in London to remove the handle of the Broad Street well
pump in Soho. its removal brings the 1854 London cholera epi-
demic to an abrupt halt, proving Snow’s 1849 theory that cholera is
a water-borne disease. mp

1854 German bacteriologist Paul Ehrlich is born in Strehlen, Silesia
(d. 1915). Ehrlich, considered the founder of modern chemothera-
py, will become known for his methylene-blue cell-staining method
and his classification of white blood cells. MED

1854 British philanthropist Florence Nightingale arrives in Scutari,
Constantinople, with thirty-eight nurses to administer to the sick
and injured soldiers of the Crimean War (1854-1856). She will be-
come known as the founder of modern nursing and hospital sani-
tary reforms. MED

1854 German ophthalmologist Albrecht von Graefe (1828-1870) intro-
duces iridectomy, the surgical removal of a portion of the iris, in
glaucoma treatment. Von Graefe will be considered the father of

_modern eye surgery. MED

1854\ Life-sized models of dinosaurs are displayed publicly for the first
\TZ’ time, at the Crystal Palace, which has been moved from London

(see 1851) to Sydenham, England. PALEO

1854 English anatomist Richard Owen describes the first dinosaur found
in the Southern Hemisphere: Massospondylus, discovered in

Triassic deposits in the Red Beds of South Africa. PALEC

1854 French psychopathologist Jules Baillarger is credited with the first
) significant description of bipolar disorder, which he calls la folie a

double forme. For decades this disorder will be known as “circular

insanity” in English. PSYCH

1854 American professor Benjamin Silliman effects a fractional distilla-
tion of crude petroleum, which creates a clean-burning
Pennsylvania “rock-oil.” The oil company Silliman forms with a co-
partner will be one of many such formed over the next few
decades. THCH

1855 French astronomer Urbain Leverrier posits the existence of a planet
* he designates Vulcan to account for irregularities in Mercury’s orbit.
These variations will later be accounted for by the general theory of

relativity. ASTRO
1855 _ Irish astronomer William Parsons observes the spiral structure of
galaxies. ASTRO

164




THE TIMELINE BOOK OF SCIENCE

A RIVER IN THE OCEAN

he first modern oceanographer was American naval officer
Matthew Fontaine Maury (1806~-1873), who was assigned to the
depot of charts and instruments after being disabled in an acci-
dent. Maury made the most of his post, developing charts of the Atlantic
Ocean’s winds and currents to reduce nautical travel time. In 1855 he pub-
lished the first textbook of oceanography, Physical Geography of the Sea.
Maury is best known for his charting of the Gulf Stream. Fifty miles
wide at its start and moving at an average speed of four miles per hour,
this powerful current annually propels warm water from the Gulf of Mexico
to the North Atlantic. In Maury’s words, “There is a river in the ocean.”
Impressive as it is, the Gulf Stream is actually one part of a larger circu-
lar movement of water generated by the Coriolis effect. From the North
Atlantic the current continues to flow clockwise in the eastward movement
known as the North Atlantic drift. Part of the current, deflected by the
European land mass, strays up past Britain to Norway. The rest, the
Canaries current, moves south along the Canary Islands, then, as the north
equatorial current, is deflected westward back to the Caribbean, where the
cycle begins again.

1855

1855

1855

1855

1855

c. 1855

1855

U.S. oceanographer Matthew Maury publishes Physical Geography
of the Sea, the first textbook on oceanography. EARTH

British physician Thomas Addison describes Addison’s disease, a
syndrome resulting from a deficiency in adrenocortical hormone
secretion. MED

Scottish mathematician James Clerk Maxwell gives mathematical
expression to the physical concept of lines of force originated by
Michael Faraday in 1821. PHYS

German physicist Heinrich Daniel Ruhmkorff invents the induction
coil that now bears his name. PHYS

British physicist William Thomson proposes a theory for transmit-
ting electrical signals through undersea cables, which will be ap-
plied in constructing the first transatlantic cable. PHYS

German chemist Robert Bunsen begins using the gas burner that
bears his name, the Bunsen burner. It was actually invented by a
technician named C. Desaga and earlier was independently invent-
ed by Michael Faraday. THCH

German inventor Johann Heinrich Wilhelm Geissler invents the
Geissler tube, an improved device for producing vacuums. TECH
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Aluminum is produced for commercial use by French chemist

Henri-Etienne Sainte-Claire Deville. TRCH
c'”\" Celluloid, the first man-made plastic, made from gun cotton and
camphor, is patented by British chemist Alexander Parkes. THCH

¥

A process for condensing milk is patented by an American, Gail
Borden. TECH

British astronomer Norman Robert Pogson quantifies the old stellar
magnitude system devised by Hipparchus (see 100s B.C.), construct-
ing ratios for the relative brightnesses of stars. AsTRO

French physiologist Claude Bernard discovers glycogen and its
function in the liver, and coins the term internal secretion. BIO

German mathematician Karl Weierstrass becomes professor of
mathematics at the University of Berlin. Among his many contribu-
tions will be the discovery of analytic continuation and uniform
convergence. MATH

English epidemiologist William Budd proves that typhoid is a water-
borne disease. mED

Austrian neurologist Sigmund Freud is born in Moravia (d. 1939,
London). One of the best-known names in early psychiatry, Freud
will become recognized as the founder of psychoanalysis. Freud's
theories on the unconscious and infantile sexuality will dominate
twentieth-century psychiatry. MED

American paleontologist Joseph Leidy becomes the first person in
the Western Hemisphere to identify dinosaur fossils. The fossils he
describes include teeth of the Trachodon and Deinodon, found in
what is now Montana. PALRO

-Johann C. Fuhrott discovers the first known skull of Neanderthal

man, in the Neander Valley near Diisseldorf, Germany. Experts dis-
agree on whether its heavy brow ridge and retreating forehead rep-
resent the features of an early form of human or of a diseased indi-
vidual. See also c. 1880s. PALIO

British engineer Henry Bessemer patents the Bessemer converter,
which uses cold air to convert pig iron to steel, a method that be-
comes known as the Bessemer process. THCH

Mauve, the first chemical dye, is accidentally discovered by
British chemistry student William Henry Perkin. This dye is coal-
tar-based. THCH

The American telegraph company Western Union is chartered by
businessman Hiram Sibley and financier Ezra Cornell. It proceeds
to unite several smaller telegraph companies to become the largest
in the United States. TECH
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THE BOWLEGGED COSSACK

t is now accepted that the fossils discovered in a cave in the Neander

Valley (Neander Thal in Old German) near Dusseldorf, Germany. in

1856 represent an extinct form of early humanity. But that consensus
was not reached for decades. Neanderthal (or Neandertal) man first came to
light in a storm of controversy.

The fossil remains—a partial skull and some limb bones—were clearly
human, but they exhibited such unusual features as a heavy brow ridge, a
receding forehead and chin, large teeth, and bowed limb bones. Because re-
liable methods of dating were not then available, it was anyone’s guess
how old the bones were. Some suggested that the fossils represented an
early race of subhumans, but others believed they were those of a much
more recent but diseased individual. A contemporary German anatomist, F.
Mayer, proposed a specific date—1814, less than fifty years earlier. He the-
orized that the bones were those of a Cossack cavalryman who had desert-
ed the Russian army as it forced Napoleon to retreat across the Rhine that
year. The bowed legs supposedly came from years of sitting in the saddle,
complicated by a childhood case of rickets.

Charles Darwin’s The Origin of Species, published three years later in
1859, intensified the controversy by supplying theoretical grounds for argu-
ing that humans had evolved from earlier forms of life. English biologist
Thomas H. Huxley and French anthropologist Pierre-Paul Broca both ad-
vanced the view that Neanderthal man represented an extinct human form.
As late as the 1870s, however, the German pathologist Rudolf Virchow was
still claiming that the bones were those of a hapless, relatively recent individ-
ual who had been afflicted with rickets, head injuries, and severe arthritis.

It took the discovery of several fairly complete Neanderthal skeletons in
Spy, Belgium (1887), and La Chapelle-aux-Saints, France (1908), to make it
clear that the Neanderthals were a distinct people who had lived in Europe
Jrom about 150,000 years ago to 35,000 years ago. Later discoveries showed
that they had also lived in the Middle East, in such sites as Israel and Iraq.
However, controversy has followed the Neanderthals even to the present day.
Though it is generally held that they were a subspecies (Homo sapiens nean-
derthalensis) of modern humanity, some scientists argue that they were a dis-
tinct species (Homo neanderthalensis). And the mechanism of their extinc-
tion remains an open question: whether they evolved into modern humans (a
view not widely held), interbred with modern humans, or were wiped out by
modern humans, either passively by competition or actively by warfare.
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Scottish physicist James Clerk Maxwell shows that Saturn’s rings
are not solid but are made up of discrete particles. ASTRO

German mathematician Georg Riemann makes a conjecture that

. becomes known as the Riemann hypothesis, stating that the non-

real zeroes of the zeta function are complex numbers whose real
part is always equal to one half. The conjecture will remain uncon-
firmed to the present day, though a generalized version of it is
proven by Belgian mathematician Pierre Deligne in 1974, MATH

German physiologist Wilhelm Petters discovers acetone in diabetic
urine, implying that the pathology and treatment of diabetes are
purely chemical problems. MED

German physicist Rudolf Clausius proposes a mathematical founda-
tion for the kinetic theory of heat. PHYS

The first passenger elevator in a commercial building is put in use
in the E. G. Haughwort Store in downtown New York City. TECH

Warren de la Rue of England invents the photoheliograph, a device
for photographing the sun. ASTRO

French physiologist Claude Bernard discovers the vasodilator and
vasoconstrictor nerves, which are responsible for constricting and
dilating the blood vessels. sio

German chemist Friedrich August Kekule von Stradonitz works out
the basic structure of organic molecules, showing how they are
made up of chains of carbon atoms attached to other atoms.  cuim

Kekule von Stradonitz and British chemist Archibald Scott Couper,
working independently, develop a system of chemical notation in
which the valence of each atom is indicated by dashes. CHEM

American geologist Antonio Snider-Pellegrini is an early advocate of
the theory of continental drift, which will be fully developed by
Alfred Wegener in the twentieth century. Snider-Pellegrini proposes
that the atlantic continents broke up and drifted apart in the distant
past. BARTH

British explorer John Hanning Speke reaches the largest lake in
Africa, Lake Victoria Nyanza. In 1862 Speke will prove it to be one
of the principal sources of the Nile. LARTH

The Geology of Pennsylvania, the finest geologic map of an
American state thus far, appears in print. EARTH

English mathematician Arthur Cayley publishes an analysis of the
theory of transformations, representing the beginning of his study
of matrices. MATH
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1858

# The United Kingdom passes the Medical Act of 1858, establishing
the General Council of Medical Education to regulate and register

REFV the medical profession and protect the public from unqualified

physicians. See also 1878, Dentists Act. MED

L R )

“] no longer felt any doubt that the lake at my feef gave
birth to that intferesting river, the source of which has been
the subject of so much speculation, and the object of so many
oxplorers.”~—John Hanning Speke, British explorer, on being
the first Buropean, in 1858, to see Lake Victoria Nyanza,

1858

1858

East Africa. In 1862 he showed this lake to be one
of the principal sources of the Nile.

LR R

2 British surgeon Henry Gray publishes Gray’'s Anatomy, which be-
comes the standard anatomy textbook for more than a century. msp

American Joseph Leidy describes a partial skeleton of the dinosaur
Hadrosaurus foulkii, discovered by W. P. Foulke at Haddonfield,
New Jersey. PALEO

WHY DID GRAY MATTER?

ritish anatomist Henry Gray’s 1858 book Anatomy, Descriptive
and Surgical wasn't the only anatomy book on the market in the
mid-nineteenth century. Ever since Andreas Vesalius established

the modern subject of anatomy with De humani corporis fabrica in 1543
there had been numerous texts in the field. But the completeness, clarity,
and intelligibility of Gray’s Anatomy have made it a lasting resource for
physicians and medical students.

The Philadelphia publishers Blancard and Lea, purchasers of the
American rights to Gray’s book in 1859, were right in believing they had
their hands on the most understandable anatomy book to date. Colleagues
praised Gray for the thoroughness of his dissections, the coherent literary
style of the text, and the innovative use of 363 illustrations drawn by Henry
Van Dyke Carter.

Despite Gray's other writings on the development of the optic nerve and
retina, the human spleen, and the ductless (endocrine) glands, this fellow of
the Royal College of Surgeons will probably always be remembered best for
the work that begins, “The entire skeleton in the adult consists of 200 dis-
tinct bones.”
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German pathologist Rudolf Virchow publishes what will be his most
famous work, Die Cellularpathologie, establishing the foundation of
cellular pathology, which studies the effect of disease on cells. He
determines that there are “no specific cells in disease, only modifi-
cations of physiological types.” Virchow was the first to describe
not only leukemia and the doctrine of embolism (blood vessel ob-
struction by a clot or foreign substance) but leukocytosis (marked
by increased numbers of white blood cells in the blood). MED

German physicist Julius Plicker observes the flow of an electric cur-
rent through the vacuum of a Geissler tube and notes that the posi-
tion of the resulting fluorescence shifts when an electromagnetic
field is applied. PHYS

The first usable two-tiered sleeping car is developed, by American cabi-
netmaker George M. Pullman for the Chicago & Alton Railroad.  men

Central Park, designed by Frederick Law Olmsted and landscape
designer Calvert Vaux, opens in New York but is not fully complet-
ed for five years. THCH

The first mechanically operated refrigerator, which cools through
the use of liquid ammonia, is invented by Frenchman Ferdinand
P. A. Carré. TICH

The zinc-lidded Mason jar, which revolutionizes home canning, is
devised by American craftsman John Mason. THCH

The first transatlantic cable message is sent, from Queen Victoria to
U.S. President James Buchanan. The queen’s message reads, “Glory
to God in the Highest, peace on earth, goodwill to men.” The cable
will fail in a few weeks and the first permanent one not be laid until
1866. TECH

British astronomer Richard Christopher Carrington discovers the
differential rotation of the sun’s equator and poles. AsTRO

British naturalist Charles Darwin explains his theory of evolution by
natural selection in The Origin of Species. He amasses evidence to
show that species are modified and new species emerge as individ-
uals better adapted to their environment outreproduce those less
well adapted. About the same time, British naturalist Alfred Russel
Wallace develops a similar theory. Though controversial, Darwin’s
theory eventuaily will be accepted by scientists. sio

German chemists Robert Wilhelm Bunsen and Gustav Robert
Kirchhoff invent the spectroscope, a device to chemically analyze
elements heated to incandescence. The spectroscope will be used
to discover new elements and study the chemical composition of
the sun and stars. CHEM
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THE ORIGIN OF SPECIES

n 1859, British naturalist Charles Darwin published The Origin of
Species by Means of Natural Selection, the controversial book that
introduced the theory of evolution by natural selection as an explana-
tion for the history of life. Meticulously documented and arqgued, the book
was scientifically rigorous but aimed at the general reader. Though some-
times hard to follow through the thicket of supporting examples drawn
Jrom plant and animal life, its calm, reasoned prose occasionally approach-
es quiet grandeur. Nowhere is this more true than in its famous closing

paragraph:

It is interesting to contemplate an entangled bank, clothed with
many plants of many kinds, with birds singing on the bushes,
with various insects flitting about, and with worms crawling
through the damp earth, and to reflect that these elaborately con-
structed forms, so different from each other, and dependent on
each other in so complex a manner, have all been produced by
laws acting around us. These laws, taken in the largest sense, be-
ing Growth with Reproduction; Inheritance which is almost im-
plied by reproduction; Variability from the indirect and direct ac-
tion of the external conditions of life, and from use and disuse; a
Ratio of Increase so high as to lead to a Struggle for Life, and as a
consequence to Natural Selection, entailing Divergence of
Character and the Extinction of less-improved forms. Thus, from
the war of nature, from famine and death, the most exalted object
which we are capable of conceiving, namely, the production of the
higher animals, directly follows. There is grandeur in this view of
life, with its several powers, having been originally breathed into
a few forms or into one; and that, whilst this planet has gone cy-
cling on according to the fixed law of gravity. from so simple a
beginning endless forms most beautiful and most wonderful have
been, and are being, evolved.

1859 British physician Alfred Garrod (1819-1907) is the first to clearly
distinguish between osteoarthritis (marked by cartilage destruction
in joints, and spur formation), and rheumatoid arthritis, which is
characterized by joints swelling, deformity, and inflammation. mse

1859 German psychologist Moritz Lazarus and German philologist Hey-
mann Steinthal found the first comparative psychology journal. psven
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Scottish mathematician James Clerk Maxwell develops the kinetic
theory of gases, which explains the physical properties of gases in
terms of the random movement of particles. Existing laws concern-
ing gases, such as Boyle’s law (1662), can be deduced from
Maxwell’s theory. PHYS

American businessmen Orson Fowler and Lorenzo and Samuel
Wells establish a firm to sell phrenological equipment and related
devices. They write a best-selling book entitled the Phrenological
Self-Instructor. Phrenology becomes widely accepted as businesses
require phrenological exams before hiring, people considering mar-
riage are advised first to consult a phrenologist, and the 1860 presi-
dential candidates are phrenologically analyzed for their leadership
abilities. PSYCH

Scottish physician Lockhart Robinson begins using wet sheets to
treat mental iliness. In this method a cold, wet sheet is wrapped
around a patient’s naked body to control agitation. This “wet pack”
will be used into the twentieth century, until the advent of antipsy-
chotic drugs in the 1950s. PSYCH

French anthropologist and surgeon Pierre-Paul Broca founds the
Société d’'Anthropologie. soc

English philosopher John Stuart Mill publishes On Liberty, a classic
statement of utilitarian political theory, in which he argues that
public action should aim to promote the greatest happiness of the
greatest number of people. soc

American railway conductor Edwin L. Drake drills sixty-nine feet
under the ground at Titusville, Pennsylvania, to produce the first
petroleum oil well. THCH

In the early part of the decade, American experimenter L. M.
Rutherford devises a telescopic lens system optically designed to
take photos—in effect a camera with a telescope as a lens.  astro

Glass goggles first come into use for underwater exploration.  THeH

1860 yrench physicist Gaston Planté invents a rechargeable storage bat-
t

1860

1860

ery. At this time he also invents the first workable electric storage
battery. THCH

Many notable scientists, including especially the Swiss-American
Louis Agassiz, criticize Charles Darwin and the evolutionary theory
he presented in his Origin of Species. Agassiz claims, for instance,
that each species has been separately—and divinely—created. sio

German chemist Robert Bunsen and German physicist Gustav
Kirchhoff discover the elements cesium and rubidium. cHEM
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Oil Derricks at Pit Hole, Pennsylvania. (American Petroleum Institute)

S s e

By now, French chemist Pierre-Eugéne-Marcelin Berthelot has syn-
thesized a number of organic compounds in the laboratory, includ-
ing some that do not occur in living tissue, disproving the idea that
only living tissue can produce organic compounds. CHEM

A conference in Karlsruhe, Germany, on the structure of organic
molecules is the first international scientific meeting, organized
chiefly by German chemist Friedrich August Kekule von Stradonitz.
At the conference, Italian chemist Stanislao Cannizzaro urges his
fellow colleagues to accept Amedeo Avogadro’s 1811 hypothesis
that all gases at a given temperature contain the same number of
molecules. The acceptance that is eventually given permits the de-
termination of the molecular weight of different gases. CHEM

French physician Georges Hayes begins his studies on platelets, the
smallest cellular elements of the blood, and is the first to accurately
count them. Platelets will prove important in the diagnosis and
treatment of many immunological diseases. MID

Dutch ophthalmologist Frans Donders introduces the use of glasses
to correct visual astigmatism. mED
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The first nurse-training school is established by Florence
Nightingale at London’s St. Thomas Hospital. mp

German physicist Gustav Kirchhoff hypothesizes that a black body,
‘sor a body that absorbs all incoming light, will emit all wavelengths
of light when heated. PuYS

Scottish physicist James Clerk Maxwell and Austrian physicist
Ludwig Eduard Boltzmann independently develop the Maxwell-
Boltzmann statistics analyzing the statistical behavior of molecules
in a gas. PHYS

N

Samuel Archer King and William Black become the first aerial
photographers when they take two photographs of Boston from a
balloon. CH

Belgian inventor Jean-Joseph Etienne Lenoir patents an early inter-
nal combustion engine. A more efficient engine will be created by
Nikolaus Otto in 1876. THCH

The first Winchester repeating rifle is put into production in the
United States. TiCH

. The Pony Express begins operation transporting mail by relay

teams on horseback between Missouri and California. ™CH

Linoleumn, a linseed-oil-based hard floor covering, is developed by
British inventor Frederick Walton. ™

German physicist Gustav Kirchhoff shows that the composition of
the sun can be determined by spectral analysis. - AsTRO

German cytologist Max Schultze develops the theory of protoplasm
(cell substance), based on his own work and on earlier cell studies
by Casper Friedrich Wolff, Félix Dujardin, Jan Purkinje, and Hugo
von Mohl. According to Schultze, a cell’s most basic components
are its nucleus and protoplasm. s0

British physicist Sir William Crookes discovers the element
thallium. cHam

German chemist Friedrich August Kekule von Stradonitz publishes
a textbook on organic chemistry that defines its subject as the
chemistry of carbon compounds, not living things. cHam

Scottish physical chemist Thomas Graham distinguishes colloids
from crystalloids. The former are substances such as gelatin and
starch that will not dissolve through a membrane, whereas the lat-
ter will. cHEm

American surgeon Gordon Buck introduces the weight-and-pulley
apparatus since called Buck’s traction to use with orthopedic
patients. mEp

\
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1862

c. 1862

American gynecologist James Marion Sims develops a method for
the surgical removal of the cervix and describes vaginismus, or
painful vaginal spasms. M

French physician Prosper Méniére describes the type of vertigo and
progressive deafness associated with the ear that is now known as
Meniére’s disease. mep

Quarry workers in Solnhofen, Germany, unearth a fossil of
Archaeopteryx. With both reptilian and avian features, this creature
appears to represent an intermediate phase in the evolution of birds,
thus lending support to Darwin’s theories. Archaeopteryx flourished
during the Jurassic period, about 150 million years ago. PALEO

French surgeon Pierre-Paul Broca discovers the speech center in
the brain, which leads to his theory of the localization of function.
His work will initiate systematic mapping of areas of the brain and
their functions, a fundamental concept in brain surgery. PSYCH

The velocipede, or bicycle, is developed by Parisian transportation
designer Pierre Michaux. See also 1839, MacMillan. ThCH

The multiround, rapid-firing Gatling gun is developed by American
engineer Richard Jordan Gatling. TECH

Steelmaking is streamlined with the development of the open-hearth
process, invented independently by French engineer Pierre Emile
Martin and German-born British inventor William Siemens. THCH

German biochemist Ernst Felix Hoppe-Seyler is first to crystallize
and name the protein called hemoglobin that is responsible for the
blood’s red color. He also establishes the first biochemistry labora-
tory, at the University of Tlibingen. B0

Charles Darwin writes in detail on cross-fertilization, including in-
sects’ role in the process, in his Fertilization of Orchids. L)

German botanist Julius von Sachs establishes that plant starch results
from photosynthesis with carbon dioxide absorbed from the air. mio

British physicist William Thomson launches an attack on uniformitari-
anism and Darwinian evolution, arguing from the present tempera-
ture of the earth and the presumed rate of its past cooling that the
earth is not as old as supposed. This argument will seem incontrovert-
ible until the discovery of radioactivity in 1898 shows that the earth
possesses a source of internal heat unknown to Thomson. RARTH

1862 #. French chemist Louis Pasteur publishes a paper supporting the

1863

germ theory of disease. His own discoveries will later provide fur-
ther evidence (see 1880). mEp

..« British astronomer William Huggins argues from stellar spectra that

"\ stars are composed of the same elements that exist on earth. asmo
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German mineralogists Ferdinand Reich and Theodor Richter dis-
cover the element indium. cHEm

British chemist John Alexander Reina Newlands makes a list of ele-
ments in order of their atomic weight, claiming to find a taw of oc-
taves governing the properties of the elements, a claim later dis-
credited. CHEM

German chemist Adolf von Baeyer discovers barbituric acid, the
parent compound of barbiturates. CHEM

Irish physicist John Tyndall discovers the greenhouse effect: gases
such as carbon dioxide and water vapor in the atmosphere permit
visible light to enter but tend to hold in the infrared radiation emit-
ted by the earth’s surface. As a result, the earth’s surface is warmer
than it would be without these gases. EARTH

British scientist Francis Galton publishes Meteorographica, which in-
troduces modern weather-mapping techniques and the concept of
anticyclones, or high-pressure areas of the atmosphere. EARTH

British geophysicist Augustus Love discovers the phenomenon
called the Love wave, a type of earthquake. His subsequent re-
search allows geologists to measure the thickness of the earth’s
crust. RARTH

J. D. Dana writes his Manual of Geology, an essential text of
American geology for four decades. ) BARTH

Dutch ophthalmologist Herman Snellen develops the Snellen eye
chart to test sharpness of vision. MED

French bacteriologist Louis Pasteur develops the process of partial

“heat sterilization now called pasteurization that prevents wine

spoilage. It will later be used with milk and beer. MmED

Swiss humanitarian Jean-Henri Dunant establishes a relief society
in Geneva that will eventually evolve into the International Red
Cross. mED

The U.S. Congress gives the National Academy of Sciences in
Washington, D.C., its charter to advise the government on issues
concerning science and technology. misc

English scientist Thomas Henry Huxley publishes Man’s Place in
Nature, the first book to take a scientific approach to human evolu-
tion. Using comparative anatomy, Huxley deduces that the chim-
panzee and the gorilla are the closest relatives of humans and all
evolved according to the same principles. PALEO

The London Underground, the first subsurface public railway, is
opened. T™RCH
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Granula (not Granola), the first cold breakfast food, made of baked
graham, is introduced to the public by American sanitarium opera-
tor James Caleb Jackson. TECH

L T Y

“Scionce Is nothing but trained and organized common
sonse, differing from the latter only as a veteran may differ
from a raw recrvit: and its methods differ from those of
common sense only as far as the guardsman’s cut and thrust
differ from the manner in which a savage wields his club.”

1864

1864-1867

1864

1864

1865

[ 86%>

1865

—Thomas H. Huxley, English blologist;
late nineteenth coentury

LR T TR T T T T

The distance of the earth from the sun is calculated as 91 million
miles, close to the actual value of 92.96 million miles. ASTRO

In his Principles of Biology (1864, 1867), English philosopher
Herbert Spencer coins the term survival of the fittest to describe a
way of understanding Darwin’s theory of natural selection. Spencer
will also suggest that the concept implies that the weakest, most
useless members of society should be allowed to die off. L)

Louis Pasteur proves that microorganisms exist in the atmosphere
and are not spontaneously generated. MSD

In an effort to cut down the spread of syphilis, England passes the
Contagious Diseases Act, requiring compulsory medical exams and
registration of all prostitutes in towns and seaports where military
personnel are housed. MED

Influential German sociologist Max Weber is born (d. 1920). He will
develop methodologies for cross-cultural studies and argue that so-
ciology should be value free. See 1904. soc

Americans George M. Pullman and Benjamin Field patent the de-
sign for a sleeping car, the Pioneer, with convertible berths. THCH

While daydreaming about a snake coiling in on itself, German
chemist Friedrich August Kekule von Stradonitz discovers the ring
structure of the benzene molecule. cHam

Austrian chemist Johann Joseph Loschmidt calculates the number
of molecules in one mole of a gas. The number, which has the ap-
proximate value 6 x 107, js called Avogadro’s number or, later, the
Avogadro constant. From this number the mass of molecules and
atoms can be calculated. cHEM

Construction of the Union Pacific Railroad begins in the United
States. BARTH
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Pullman cr, 1876, exterior and interior. (New York Public Library)
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July 14, British artist turned mountaineer Edward Whymper reaches the top
1865 of the Matterhorn in the Alps. BARTH
1865 German mathematician August Ferdinand Mébius invents the

M¢ébius strip, a ribbon of paper with only one edge and one side.
This invention is one of the founding events of topology, the
branch of geometry concerned with the properties of objects that
are not changed by continuous deformations such as stretching
and twisting. MATH

1865 French physiologist Claude Bernard marks a medical ethics mile-
stone when he concludes that medical experiments can be permis-
sible and even obligatory. He displays no interest in the informed
consent issue. mip

Aug. 12, After studying Louis Pasteur’s theories on bacteria, English physi-
1865 @ cian Joseph Lister successfully uses carbolic acid as a surgical anti-
septic. This antiseptic will forever change the survival rate and safe-
ty of surdery, as gangrene and suppuration (pus formation) are re-
markably reduced. MED

1865 “’““9’“ Scottish mathematician and physicist James Clerk Maxwell formu-
., lates Maxwell’s equations, which describe the behavior of electric

" and magnetic fields and show that a changing field of one type will

generate a field of the other type. The value Maxwell calculates for

the speed of electromagnetic radiation closely matches the mea-

sured speed of light, leading him to propose that light is electro-

magnetic in nature. These equations represent the first theoretical

unification of physical phenomena. PHYS
1865 British anthropologist Edward B. Tylor publishes his Early History of
Mankind. so¢
1865 A design and production system to manufacture the interchange-

_& @ able parts of rifles is developed by American machinists Francis
Asbury Pratt and Amos Whitney. The two found their industrial fac-
tory, Pratt & Whitney, this year. TECH

1865 ; American inventor Linus Yale patents the type of cylinder lock
called the Yale lock that will become popular for both commercial
and residential use. TECH

1865 A compression ice-making machine is devised by American inven-
tor Thaddeus Sobieski Coulincourt Lowe. It will be useful in devel-
oping refrigeration technology. TECH

1866 U.S. astronomer Daniel Kirkwood discovers the gaps now known
as Kirkwood gaps in the distribution of asteroids. The uneven spac-
ing is caused by the influence of Jupiter’s gravity. AsTRO
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THE ELECTROMAGNETIC SPECTRUM

ince the publication of James Clerk Maxwell’s equations describing

electromagnetism in 1865, scientists have come to understand the

Jfull range of wavelengths over which electromagnetic radiation ex-
tends. Visible light is only one narrow part of this electromagnetic spec-
trum. The spectrum of radiation, from longest to shortest wavelengths, is
as follows:

Type . Wavelength (Meters)
Radio 10°-107
Infrared 107-10°

Visible light 107

Ultraviolet 107-107

X-ray 107°-107"
Gamma rays 10"-107"

These varieties of radiation share a common wave structure of crests
(high points) and troughs (low points). They differ only in the length of their
waves or, to put it another way, their frequency, the number of times per
second a wave passes a given point. Wavelength and frequency are inversely
proportional; that is, long waves have low frequencies, short waves high fre-
quencies. Frequency is also a reflection of enerqy level. The highest-frequen-
cy (shortest) waves, gamma rays and X-rays, are the most energetic and
most potentially damaging to delicate systems like living tissue. The lowest-
frequency, or longest, waves (infrared and radio) are the weakest waves.

Despite the explanatory power of the wave theory of electromagnetic
radiation, it would become clear in the twentieth century (see 1900,
Planck) that such rays could also be usefully regarded as particles, or
quanta.

1866

1866
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After experimenting with the crossbreeding of sweet peas and

making a statistical analysis of the results, Austrian monk Gregor J.
Mendel concludes that each of an organism’s inherited traits is de-
termined by two heredity units called genes, one from each parent
organism. Forgotten until the twentieth century, Mendel’s laws of
inheritance will form the basis of classical genetics. It is later under-
stood that Mendel’s genes are the material acted upon by natural

selection in Darwin’s theory of evolution.

180

German biologist Ernst Haeckel is first to use the word ecology. sie
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1866

1866

1866

o Haeckel popularizes the idea that ontology recapitulates phylogeny,

meaning that an embryo’s stages of development mirror the evolu-
tionary history of that species. Haeckel calls this the biogenetic law,
but the doctrine will later be considered overstated, for embryonic
development is far more complex. L)

% French geologist Gabriel-Auguste Daubrée proposes the existence
of an iron and nickel core at the center of the earth, RARTH

F. Zirkel publishes Lerbuch der Petrography, a textbook on petrology
notable for including an account of H. C. Sorby’s technique for ex-
amining thin sections of rock with a polarizing microscope.  BARTH

1866-1867 British scientist Thomas H. Huxley names two Triassic dinosaurs

from South Africa, Euskelosaurus and Orosaurus. PALEO

1866 German physicist August Kundt designs Kundt’s tube, a device to

measure the speed of sound in different fluids. THCH
CHOLERA AND GOD’S WILL

ed persons, and, particularly, impure drinking water. It is also recognized
that education about disease prevention and a supply of safe drinking wa-
ter is the best deterrent to the spread of the disease.

City’s Metropolitan Board of Health began to use new sanitation standards
and education to stem the spread of the disease.

cholera was discovered.

he U.S. cholera epidemics of 1832, 1849, and 1866 killed tens of
thousands of Americans in several cities. It is now known that
cholera is spread through contaminated Jood, contact with afftict-

But it was not until 1866 that public health agencies like New York

It was not until 1883 that the Vibrio comma bacterium that causes

Before then, most Americans saw cholera as a God-given retribution for

moral failure. It was divine punishment Jor a life not lived in adherence to
religious beliefs and upright behavior. Comments in newspapers like this
August 1849 Scioto Gazette from Chillicothe, Ohio, are representative of
that belief in divine force as a cause of the spread of the disease.

The Almighty conducts the order of Providence by rule—rules
that are alike at all times and abiding. Who however shall set
bounds to the physical and the moral—and pretend to tell where
one ends and the other begins? Who can say whether it is from
chemical or moral causes that this community is scourged, while
that is spared?

181




1866

1866

1866

1867

1867

1867

1867

1867

1867

1867

1867

. 1868

1868

A2

-1894

THE TIMELINE BOOK OF SCIENCE

The first usable dynamo-electrical machine or dynamo, which al-
lows for the mass generation of electricity, is developed by Ernst
Werner von Siemens. THCH

Dynamite is developed by Swedish engineer Alfred Bernhard
Nobel. The new compound is a mixture of nitroglycerin and di-
atomaceous earth. TCH

American merchant Cyrus West Field lays the first permanent
transatlantic telegraph cable. See also 1854, Maury. TECH

The International Botanical Congress establishes the rules for botani-
cal nomenclature known as the Paris Code. However, not until 1930
will a botanical code with worldwide acceptance be adopted. no

Norwegian chemists Cato Maximilian Guldberg and Peter Waage
formulate the law of mass action, which states that the rate at which
a chemical reaction occurs is proportional to the product of the ac-
tive masses of the reactants. The active masses are defined by their
concentration, the quantity of mass in a given volume. cHEM

British gynecologist John Braxton Hicks describes the painless uterine
contractions in pregnancy that come to be called false labor. MID

British physician Sir Thomas Allbutt introduces the modern clinical
thermometer. M

German social philosopher Karl Marx publishes Das Kapital, which
his colleague Friedrich Engels finishes editing after Marx’s death in
1883. The work is a systematic exposition of the economic and po-
litical philosophy now known as Marxism, which places class strug-
gle at the center of history and predicts the overthrow of the capi-
talist class by the exploited working class. Marx’s work strongly in-
fluences economics, political science, and sociology among other
fields. . soc¢

French engineer Georges Leclanché invents the dry cell, an electric
battery employing a chemical paste rather than fluids. ™CH

The safety boiler, which reduces explosions, is patented by
American engineers George Babcock and Stephen Wilcox. In the
same year the two found the company Babcock & Wilcox. TECH

The first U.S. steam-operated elevated railway opens in New York
City. TiCH

British astronomer Sir William Huggins uses the Doppler-Fizeau ef-
fect (see 1848) to calculate that the star Sirius is moving away from
us at twenty-nine miles per second, a relatively close estimate. AsTRO

ltalian astronomer Pietro Angelo Secchi completes the first spectro-
scopic catalog, of about four thousand stars. ASTRO
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German botanist Julius von Sachs publishes his textbook Lehrbuch
der Botanik, which will have a major influence on botany’s emer-
gence as a comprehensive discipline. Bio

French astronomer Pierre-Jules-César Janssen and British as-
tronomer Joseph Norman Lockyer discover the element helium. See
also 1895, Ramsay. CHEM

French paleontologist Edouard-Armand-Isidore-Hippolyte Lartet dis-
covers four prehistoric human skeletons in Cro-Magnon, France.
This Cro-Magnon man, some forty thousand years old, will be con-
sidered the first anatomically modern human ancestor. PALEO

British physician Sir William Gull becomes the first to describe
anorexia nervosa, an eating disorder characterized by self-starva-
tion. PSYCH

American George Westinghouse invents the Westinghouse air
brake, which will be crucial to more efficient train travel. In 1872
he will introduce the automatic air brake. TECH

The knuckle coupler, a safer alternative to the old standard link-
and-pin system of joining rail cars, is patented by former American
military officer Eli Hamilton Janney. TECH

Tungsten steel, harder than other types, is developed by English
metallurgist Robert Forester Mushet. THCH

The typewriter is patented by American inventors Christopher
Sholes, Carlos G. Glidden, and Samuel W. Soule. In 1874, it will be
produced in quantity by the Remington Fire Arms Co. TECH

English naturalist and zoologist Alfred Russel Wallace publishes The
Malay Archipelago: The Land of the Orangutan and the Bird of
Paradise. In it, he points out that Malay animal life is divided into
two distinct types. The animal life in the western half is like that in
India, that in the eastern half more like Australia’s. The line divid-
ing the two regions is still called Wallace’s line. This discovery
marks the foundation of biogeography. Bio

French botanist Jules Raulin proves that zinc is crucial to the
growth of the plant Aspergillus. BiO

Russian chemist Dmitry Ivanovich Mendeleyev publishes the peri-
odic table of the elements. cHEmM

Modern medicine’s first demonstration of free skin grafting is done
in Paris. M

Irish physical chemist Thomas Andrews suggests that every gas has
a critical temperature above which it cannot be turned into liquid
by an increase in pressure alone. PHYS
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Irish physicist John Tyndall discovers the Tyndall effect, a charac-
teristic scattering of light through a medium containing small parti-
cles. The effect accounts for the blueness of the sky and the red-
ness of sunsets. PHYS

British scientist Francis Galton publishes Hereditary Genius, con-
cerning the familial tendency to inherit brilliance. He will pioneer
the use of statistics in psychological measurement. PSYCH

The 103-mile-long Suez Canal opens for use, uniting the Gulf of
Suez on the south with the Mediterranean Sea via the Red Sea.
Trade and travel become far less onerous. THCH

Margarine, an oil-based butter substitute, is produced commercially
for the first time by Frenchman Hippolyte Mége-Mouries. THCH

The U.S. transcontinental railroad is completed on May 10 at
Promontory Point, Utah. There 1,006 miles of line built by the
Union Pacific Railway from Omaha, Nebraska, joins 680 miles built
by the Central Pacific Railway from Sacramento, California. THCH

German mathematician Georg Ferdinand Cantor establishes the
theory of sets (or Mengenlehre, aggregates) as a distinct field of re-
search and develops an arithmetic of transfinite numbers. MATH

At mid-decade American paleontologist O. C. Marsh makes a num-
ber of major contributions to vertebrate paleontology. In addition
to clarifying the evolutionary history of the horse, Marsh discovers
many dinosaur species and offers evidence of a link between rep-
tiles and birds. See also 1877, March and Cope. PALEO

Austrian physicist Ernst Mach states Mach’s principle, that a body’s
inertia can be attributed to the interaction between that body and
the rest of the universe and a body in isolation will have an inertia
equal to zero. PHYS

German archaeologist Alexander Conze classifies chronological

" styles of pottery, providing a key to dating of strata. ARCH

English biologist Alfred Wallace publishes Contributions to the
Theory of Natural Selection and American biologist Edward Cope
publishes Systematic Arrangement of the Extinct Bactrachia, Reptilia,
and Aves of North America. Both publications provide additional
support for the theory of evolution. Bio

The U.S. Weather Bureau is established, largely due to the efforts of
meteorologist Cleveland Abbe. EARTH

German surgeon Friedrich Trendelenburg begins positioning
surgery patients on their backs with the pelvis elevated and the
head downward at an angle. This Trendelenburg’s position will
come into common use in abdominal surgery and to combat
shock. MED
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A

The passage of pure food laws in western Europe advances the
cause of preventive medicine. MED

Drawing on his studies of the Seneca people, American anthropolo-
gist Lewis Henry Morgdan correlates kinship terminology with cul-
tural traditions of marriage and descent. soc

English machinists William Hillman and James Kemp Starley patent
a light, all-metal bicycle. See also 1839, MacMillan. TECH

A rotary press capable of printing two sides of a page at once is de-
veloped by U.S. inventor Richard Hoe. TECH

The first personal mechanical can opener, using a moving wheel to
cut metal, is developed by American inventor William Lyman. e

German archaeologist Heinrich Schliemann begins excavating a hill
called Hissarlik in Turkey and discovers the ruins of ancient Troy,

* the legendary site of Homer's Jliad. ARCH

1871

1871

1871

1871

1871-1893

1871

1872

Russian chemist Dmitry Mendeleyev predicts the properties of three
elements missing from his periodic table—eka-boron, eka-aluminum,
and eka-silicon. His predictions later prove to be correct. CHEM

German chemist Max Bodenstein develops the concept of a chemi-
cal chain reaction, a reaction whose products cause further reac-
tions of the same kind and is therefore self-sustaining. CHEM

Harvard University supports American physiologist Henry Pickering
Bowditch in establishing the first U.S. physiology laboratory. He
will become known for childhood-growth investigations that will
determine that growth is dependent on good nutrition and arrested
development can be a signal of disease. MID

Charles Darwin publishes The Descent of Man, and Selection in
Relation to Sex, in which he extends his theory of natural selection
to human evolution and invents the concept of sexual selection. He
also suggests that humans evolved from apelike ancestors in Africa
millions of years ago. PALEO

British scientist William Crawford Williamson publishes a series
of papers describing fossil plants found in coal deposits in north-
ern England. This work proves a major contribution to paleo-
botany research. PALEO

British anthropologist Edward B. Tylor publishes Primitive Culture,
in which he discusses animistic religion and develops methods for
making cultural comparisons. soc¢

From clay tablets discovered at Nineveh (see 1840s), English ar-
chaeologist George Smith deciphers the Epic of Gilgamesh, a
Sumerian story that may date back to as early as 2500 B.c. ARCH
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The Ebers papyrus (see 1600 B.C.) is discovered in the ruins of
Thebes, Egypt. It becomes important for its documentation of an-
cient Egyptian medicine. ARCH

Studying the star Vega, U.S. astronomer Henry Draper becomes the
first to photograph a stellar spectrum. ASTRO

German botanist Ferdinand ]. Cohn founds the science of bacte-
riology. ‘ B0

French biology professor Henri de Lacaze-Duthiers establishes a
“Laboratory of Experimental Zoology,” the Roscoff Biological
Station, at Roscoff, Brittany. B0

A U.S. government survey of the fortieth parallel, led by geologist
Clarence King, exposes a mining stock fraud in what will come to
be known as “the diamond hoax.” BARTH
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«jy is the customary fate of new truths to begin as heresies
and to end as superstitions.”—Thomas H. Huxley, English

1872-1876

1872

1872

1872

1872

1872

c. 1872

biologist; late nineteenth century
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The Challenger expedition, a cooperative effort of the Admiralty
and the Royal Society, voyages a total of 68,890 miles, making 492
deep soundings and 133 dredgings. The scope and thoroughness of
this research makes the expedition a milestone in the history of
oceanography. EARTH

American Ferdinand Hayden has the Yellowstone region declared
the first U.S. national park, marking the beginning of the national
park movement. ‘ BARTH

American geologist John Wesley Powell begins systematically sur-
veying the canyon country of Colorado. BARTH

Contributions are made to the arithmetization of analysis by sever-
al mathematicians, including Frenchman H. C. R. Méray and
Germans Karl Weierstrass, H. E. Heine, Georg Cantor, and J. W. R.
Dedekind. MATH

German mathematician . W. R. Dedekind introduces the so-called
Dedekind cut, with which irrational numbers can be defined. mam

German mathematician Felix Klein gives an address known as the
Erlanger Program, in which he describes geometry as the study of
invariant properties under a particular transformation group. MATH

The first U.S. nursing school is founded, at New York City’s
Bellevue Hospital. MID
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Austrian dermatologist Moritz K. Kaposi describes the skin disease
called Kaposi’s sarcoma that will become associated with acquired im-
mune deficiency syndrome (AIDS) in the late twentieth century.  msp

American physician George Sumner Huntington describes the
hereditary neurological disease characterized by grotesque grimaces
and dementia that is now known as Huntington’s chorea. PSYCH

German aviator Paul Haenlein flies in the first dirigible to be pow-
ered by an internal combustion engine, fueled by coal gas from the

supporting bag. TRCH

British astronomer Richard Anthony Proctor argues that lunar
craters were formed by meteoric impact. ASTRO

The occurrence of mitosis—mitotic nuclear division—in cells is rec-
ognized for the first time. )

Italian histologist Camillo Golgi introduces cellular staining with silver
salts. The network of membranous vesicles in the cell known as the
Golgi apparatus is revealed for the first time with this staining. BIO

British scientist Walter Bagehot publishes Physics and Politics, ap-
plying the theory of natural selection to the rise and fall of human
customs and institutions. sio

The International Meteorological Organization is founded. RARTH

German mineralologist Ferdinand Zirkel and German geologist Karl
Rosenbusch simultaneously but independently publish similar trea-
tises on microscopical petrography, thus laying the foundations of
the field. EARTH

French mathematician Charles Hermite identifies the first proven
transcendental number: e, equal to 2.71828... Transcendental
numbers are those that are not algebraic, meaning they cannot
serve as solutions to any conceivable polynomial equation.  mam

Dutch physicist Johannes Diderik van der Waals modifies existing
gas laws, observing that only perfect gases (those with zero-volume
molecules and no attraction between molecules, which exist only in
theory) obey the unmodified laws. Most real gases under most con-
ditions approximately follow the existing laws, but van der Waals in-
troduces the more accurate van der Waals equation of state that is
especially useful at extremes of temperature and pressure. PHYS

The magnetic effect of electric convection is observed by U.S.

" physicist Henry Augustus Rowland. TECH

The world’s first cable-car streetcar beginé operation, in San
Francisco. THCH

In France the perfume industry is simplified with discoveries of a
process to extract floral essences. THCH
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play Pygmalion, the basis for the 1956 musical My Fair Lady,

Henry Sweet (1845-1912). This British scholar invented his own system of
phonetics and published such influential works as History of English
Sounds (1874) and Handbook of Phonetics (1877).

JUST YOU WAIT, HENRY SWEET
he insufferable Henry Higgins in George Bernard Shaw’s 1912

was based on an actual professor of phonetics and Old English,

1873

1874

1874

1874 b

1874 ! 4

1874
1874 1

1874

Barbed wire, or the devil’s rope, is demonstrated for fencing off
farmers’ crops and ranchers’ stock by American Henry Rose.
Machines to produce barbed wire are subsequently patented by
Americans Jacob Haish and jJoseph Farwell Glidden. TECH

American photographer William Henry Jackson explores the an-
cient Native American cliff dwellings of Mesa Verde, Colorado. amen

German zoologist Anton Dohrn founds the Naples, Italy, Zoological
Station, the model for many biological stations in the future. Bio

Dutch chemist Jacobus Hendricus van't Hoff (and, independently,
French chemist Joseph-Achille Le Bel) advances the tetrahedral car-
bon atom as a three-dimensional representation of organic mole-
cules. This model proves useful in explaining optical activity, the
ability of some substances to rotate the plane of polarized light (see
1815 and 1846), and creates interest in stereochemistry, the study
of how the structural arrangement of atoms in molecules affects a
substance’s chemical properties. CHEM

German mathematician Georg Ferdinand Cantor investigates trans-
finite numbers. ‘ MATH

British physician and feminist Sophia Louisa Jex-Blake founds the
London School of Medicine for Women, to ensure the availability of
medical education for women. MmED

German physicist Karl Ferdinand Braun notes that in certain crys-
tals an electric current will flow in one direction but not in the op-
posite one. PHYS

German novelist Leopold von Sacher-Masoch writes Die Messalinen

Weins, in which he describes sexual gratification derived from pain.
His name is the origin of the term masochism. PSYCH
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American psychologist Edward Lee Thorndike is born in
Williamsburg, Massachusetts (d. 1949). He will be the first psychol-
ogist to study animal behavior in laboratory experiments. At
Columbia University he will teach that psychology should study be-
havior, not conscious experience or mental conditions. He will ap-
ply work with animals to human educatiory, leading to his pioneer-
ing work in the field of mental measurement. PSYCH

The steel-arched Eads Bridge at St. Louis, Missouri, becomes the

" first bridge to span the Mississippi River. . THCH

1874

1875

1875¥

1875

1875
1875
1875
1875
1875

1875

Chilled ridged rollers are used, along with millstones, to produce
flour more efficiently at the C. C. Washburn mill in Wisconsin. weu

In California, Luther Burbank establishes a plant nursery for the
study and cultivation of grasses, grains, fruits, and vegetables. mio

_ Pathologist Oscar Hertwig demonstrates that sperm enters the
* ovum, at which point fertilization takes place. BI0

French chemist Paul-Emile Lecoq de Boisbaudran discovers the ele-
ment gallium, which corresponds to Mendeleyev’s eka-aluminum
and thus supports the validity of the periodic table. See 1869 and
1871. cHEM

V. V. Dokudaev begins field studies of Russian soils from which he
evolves the basic principles of the new science of pedology, or soil
science. EARTH

Russian mathematician Sonya (Sofya) Vasilyevna Kovalevskaya fur-
thers the work of Augustin Louis Cauchy in solving partial differential
equations; the result is called the Cauchy-Kovalevskaya theorem. mam

German pathologist Rudolf Virchow becomes the first to describe
congenital spina bifida, a defect in the spinal canal walls that allows
the spine to protrude in the form of a tumor. MID

Scottish physicist John Kerr discovers the Kerr effect, or the ability
of some substances, when placed in an electric field, to differential-
ly refract light waves whose vibrations occur in two directions. pHys

British physicist William Crookes invents the radiometer, a set of
pivoted vanes whose spontaneous motion in sunlight in a partial
vacuum lends support to the kinetic theory of gases. PHYS

Swiss psychiatrist Carl Gustav Jung is born in Zurich (d. 1961). He
will be best known for his theories on the collective unconscious,
the interpretation of dreams, and the division of personalities into
introvert and extrovert. He will form his own school of analytical
psychology after breaking with his teacher and colleague Sigmund
Freud. PSYCH
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French neurologist Guillaume Duchenne (b. 1806) dies. Duchenne,
a pioneer of neurology, was the founder of electrotherapy and de- '
scribed numerous neurological disorders. The spinal cord and brain
stem degeneration which develops in untreated syphilis,
Duchenne’s disease, was named for him. PSYCH

British philosopher and scientist John Stuart Mill proposes post-hoc
analysis: the examination of different childhood experiences to dis-
cover the effect they have on moral character development. In the
twentieth century, developmental psychologists will use this proce-
dure in longitudinal studies of children. PSYCH

American sociologist William Graham Sumner, a follower of British
scholar Herbert Spencer, teaches the first American course in soci-
ology, at Yale University. so¢

British engineer Thomas Moy demonstrates the “Aerial Steamer,”
at the Crystal Palace in London. This steam-powered pilotless
monoplane lifts itself six inches off the ground while attached to a
tether on a circular track. THCH

British physicist William Crookes invents an improved vacuum tube
called the Crookes tube. THCH

Blasting gelatin is developed by Swedish inventor Alfred Nobel. vaen

The telephone is:invented by Scottish-American teacher Alexander
Graham Bell. It comes about as a result of trying to develop a sys-
tem of electric speech for the deaf students Bell teaches. THCH

A wax-stencil duplicating process that is developed now will be
patented next year by American inventor Thomas Alva Edison.
These machines will be improved by both Edison and the ma-
chine’s authorized licensee, American Albert Blake Dick, who will
eventually develop the A. B. Dick Diaphragm Mimeograph. HCH

Synthetic vanillin, which in its natural form is an ingredient of vanil-
la beans, is patented by British scientist Ferdinand Tiemann.  vaen

The first milk chocolate for public consumption, made by mixing
chocolate and sweetened condensed milk, is pioneered in Vevey,
Switzerland, by staff members of the Nestlé and Daniel Peter
chocolate factories. THCH

German archaeologist Heinrich Schliemann excavates ancient
Mycenae, the legendary city of the Greek leader Agamemnon. ares

English naturalist Alfred Wallace systematizes the science of
biogeography. In his Geographical Distribution of Animals, Wallace
discusses extinct fauna and their geographical movement or
relocation over the years. BlO
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1876-1896

1876

British evolutionist Charles Darwin publishes The Effects of Cross and
Self Fertilization in the Vegetable Kingdom, in which he claims that
cross-fertilization increases the strength and vigor of offspring.  me

American physicist Josiah Willard Gibbs begins publishing a two-
year series of papers outlining the laws of chemical thermodynam-
ics. In discussing the basic forces that operate in chemical reactions
he defines the concepts of free energy, chemical potential, equilib-
rium between phases of matter, degrees of freedom, and the equa-
tion called the phase rule. CHEM

Between now and 1880 Henrik Mohn and Cato Maximilian
Guldberg develop the field of dynamical meteorology, with the re-
sults known as the Mohn-Guldberg equations. RARTH

British explorer Henry M. Stanley circumnavigates Africa’s Lake
Victoria and charts the course of the Congo River. RARTH

German bacteriologist Robert Koch isolates the anthrax bacillus,
the cause of an infectious disease that attacks cattle, sheep, horses,
and goats and is passed to humans by these animals. miD

American librarian Melvil Dewey invents the Dewey decimal sys-
tem for classifying and organizing books in libraries. misc

American paleontologists Edward D. Cope and Charles H.
Sternberg explore the Judith River formation in Montana, discover-
ing fossils of Cretaceous dinosaurs. PALIO

Near his home in Trenton Falls, New York, geologist Charles
Doolittle Walcott discovers the first U.S. trilobite with its ap-
pendages preserved. PALIO

German physicist Eugen Goldstein discovers cathode rays, streams
of fluorescence flowing from the cathode, or negatively charged
electrode, in an evacuated tube. PHYS

Scottish psychologist Alexander Bain founds the periodical Mind, the
first general psychological journal. At this time psychology begins to
develop as a discipline apart from philosophy and physiology. psven

English sociologist Herbert Spencer applies evolution concepts to
human sociology. In his three-volume Principles of Sociology,
Spencer writes about the process of individual differentiation from
a group and its effect on individual freedom. soc

.. German inventor Nikolaus August Otto constructs the first practical

internal-combustion engine, in which the piston makes four strokes
(a four-cycle engine). TECH
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1876 The Corliss 160-horsepower engine or dynamo, named for
American designer George Henry Corliss, is used to run exhibits at
Machinery Hall in the U.S. Centennial Exposition. It is immortalized
as a nineteenth-century icon in the essay “The Virgin and the

Dynamo” by American author Henry Adams. THCH
1876 American shopowner Henry Sherwin, cofounder of the Sherwin-
Williams Co., develops a process for grinding and dispersing pig-
ments into linseed oil and popularizes ready-to-use paint. TECH
1876 On an improved, patented version of his telephone, Scottish-

American inventor Alexander Graham Bell utters to his assistant
Thomas Watson the first complete sentences transmitted over the
telephone: “Mr. Watson, come here. I want you.” The call takes
place at Bell’s residence in Boston, Massachusetts. The first tele-
phone is sold in May 1877. TECH

“Mr. Waison, come here. | want you.”—Alexander Graham
Bell to assistant Thomas A. Watison, in the first complefe
senfences rolayed over telephone wire, Boston;
March 10, 1876
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1876 The Howe floater, which distributes melted solder onto can tops
and bottoms, mechanizes the soldering process and speeds it 100-
fold. TECH

1877 U.S. astronomer Asaph Hall discovers Phobos and Deimos, the two
satellites of Mars. ASTRO

1877 Italian astronomer Giovanni Schiaparelli observes lines on Mars

that he calls canali, or channels. U.S. astronomer Percival Lowell
will misinterpret these to be canals, considering them evidence of
waterworks constructed by intelligent beings. AsTRO

1877 German botanist Wilhelm Pfeffer explains osmosis (see 1748, Jean-
Antoine Nollet) by relating it to movement of molecules across a
membrane. As a result of his studies, Pfeffer is able to calculate the

molecular weight of proteins involved in osmosis. Bio
1877 German biochemist F. Hoppe-Seyler coins the term biochemistry for
the study of the chemistry of living organisms, which will emerge
as a full-fledged discipline early in the twentieth century. s10
1877 French physicist Louis-Paul Cailletet (and, independently, Swiss
chemist Raoul-Pierre Pictet) liquefies oxygen, nitrogen, and carbon
monoxide. cHEm
1877 British anesthesiologist Joseph Clover invents equipment now called
Clover’s apparatus to more safely administer anesthesia. MmiD
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1877

American paleontologists and lifelong rivals Othniel Charles Marsh
and Edward Drinker Cope make the first of several separate collec-
tions of late Jurassic dinosaur skeletons in the Morrison formation
in Colorado and at Como Bluff, Wyoming. The dinosaurs they dis-
cover in the next few years will include Allosaurus, Apatosaurus,
(Brontosaurus), Diplodocus, Camarasaurus, and Stegosaurus.  pawmo

Russian physiologist Ivan Pavlov begins his studies on conditioned

; response in relation to dog’s digestion. PSYCH

American anthropologist Lewis Henry Morgan publishes his Ancient
Society, which proposes that human societies go through stages of
evolution from savagery to barbarism to civilization. soc

Swiss physician A. E. Fick invents the first practical contact lenses,
but as they are made of glass and cover the entire eyeball, they are
not widely used. TECH

The first telephone switchboard is put into operation, in Boston. Taen

The first phonograph is tested by its inventor, American Thomas

.. Alva Edison, who sings and hears played back "Mary Had a Little
‘Lamb.” His phonograph operates by recording sounds on indented

metal cylinders. TECH
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German archaeologist Heinrich Schliemann discovers ancient
Ithaca, the legendary home of Greek hero Odysseus. ARCH

Jacques L. Soret and Marc Delafontaine discover the element
holmium. cHEM

The United Kingdom passes the Dentists Act, requiring dentists to
be registered. Like the earlier Medical Act (see 1858), it is an at-
tempt to protect the public from unqualified practitioners. (1)

A large group of well-preserved Iguanodon skeletons is discovered
in a coal mine at Bernissart, Belgium. See 1882, Dollo. PALEO

German neurologist Wilhelm Erb discovers a disease marked by mus-
cular weakness and fatigability, now called myasthenia gravis.  psven

The Japanese term shinrigaku, later formally adopted as the Japanese
word for psychology, is first used in jJapanese literature. PSYCH

Jan. 9, 1878 In Greenville, South Carolina, John Broadus Watson, the founder of

1878

1878

1878

1878

N

behavioral psychology, is born (d. 1958). This area of work restricts
the field to the study of objectively observable behavior, which it
then explains in stimulus-response terms. His writings will include
Animal Education (1903), Behavior (1914), and Psychological Care of
the Infant and Child (1928). PSYCH

U.S. inventor Thomas Alva Edison discovers that, by subdividing or

’?‘Lstepping down electrical current, electric power can be supplied for
" mechanical use in the home. TECH
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1879

British chemist Joseph Swan demonstrates the first carbon filament
incandescent bulb, in London. THCH

At the Remington Arms Co., in Connecticut, a shift key is devel-
oped for the Remington typewriter, for the first time allowing the
production of upper- and lower-case letters. THCH

By accidentally injecting air into the mixture, the first floating soap
is invented, by a factory worker at the Procter & Gamble Co. in
Cincinnati, Ohio. The product is named Ivory Soap by company
owner Harley Procter, noting the word in a psalm in church.  vien

The first known prehistoric paintings, done by Cro-Magnon man
some forteen thousand years ago, are discovered on cave walls in
Altamira, Spain. ARCH

English astronomer George H. Darwin suggests a now-discredited
theory of lunar formation, that the moon formed from material
ejected from the earth’s crust during an early period of rapid rota-
tion. AsTRO

French chemist Paul-Emile Lecoq de Boisbaudran discovers the ele-
ment samarium. CHEM
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Swedish chemist Lars Fredrik Nilson discovers the element scandi-
um, Mendeleyev’s predicted eka-boron (see 1871). Swedish
chemist Per Teodor Cleve discovers the element thulium. CHEM

American chemists Ira Remsen and Constant