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UCTl1 ' l t noD rol l

A timeline is a record of change; The Timeline Book oJ Science is a record
of stunning change. In ho field of human endeavor have rhings 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 rhe atom are products of scientific knowledge; it may be
tess obvious that so are bread, the do$, the pipeline, the concept of
angles, and the year.

The Timeline Booh oJ Science charts chronologically, from prehistory
to the present, how we came to know what we know about naure 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 ltaly,
but both would have great difficulty figuring out what to do with a CAT
scanner in a late'twentieth-century hospiml, 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 chan$e known as
the scientific revolution. Yet The Timeline Book of Science also outlines
other important storles of scientific progress: how early humans spread
out of Africa across the world and invented such technologies as frsh
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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I t t n o D U C t l O l |

The Timeline Book of science ranges over as many different ropics 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 rechnology, engineering, archaeology, pale-
ontolo$y, 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, potitical 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 losr in combusrion); out-
moded procedures such as medical bleeding; and obsolete inventions,

and the  cont rovers ies  o f  the  present  day-who f i rs t  se t t led  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 momenrs in rhe 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 significanr, 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 reflecrions, observations, and quips of scientists and
eyewitnesses from Aristotle on nature to Einstein on the atomic bomb.

In rhe stanley Kubrick frlm 2001: ASpace odyssey (196g) 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 spacecraf t  is  orbi t ing the earth.  I f  rhe devi l  is  in the
detai ls,  then this account of  our divelopmenr,  however evocat ive,
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 Booh oJ science is wrinen to help answer these questions.



A NOTE TO THE READER,

The Timeline Book oJ Scimce is arranged by year and within a year by cate.
gory. The categories are as follows:

ARCH Archaeology
ASTRO Asronomy, space science, space exploration
BIO Biology, biochemistry, agriculture, ecology
CHEM Chemistry
EARTH Earth sciences (geology, oceanography, meteorolo.

9y), earth exploration
MATH Mathematics
MED Medicine
MISC Miscellaneous
PALEO Paleontology
PHYS Physics
PSYCH Psychology,neuroscience,artificialintelligence
SOC Social sciences (anthropology, socioloSy, econom-

ics, political science), linguistics
TECH Technology, engineering

In the timeline, s.c. dates are indicated by negative numbers, a.o. 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 e.o. 1000 should be considered approximate (with
certain exceptions, such as May 28,585 9.c., the precise date of a solar
eclipse predicted by the Greek philosopher Thales). After a.o. 1000,
dates can generally be considered exact unless marked with a c. for
ctca.
, 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.

xt





E.C.

-2,500,000 In East Africa the hominid (humanlike) species Homo habilismakes
rtctlthe frrst stone tools.

-1,800,000 Homo erectus evolves. This hominid species
first to leave Africa and learn the use of fire.

eventually be the

-1,000,000 Homo erectus populations begin to move out of Africa into Asia and
from there ultimately to Europe. reltll

-500,000

-400,000

-100,000

-48,000

-58,000

-33,000

-28,000

-28,000

-28,000

-24,OOO

Homo erectus discovers the use of hre. The earliest firm evidence is
found at Zhoukoudian, near Beijing, China. See also 13,000 B.c. r&rl

Homo erectus invents the spear.

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
independent ly in di f ferent regions from local  Homo erectus
populations. nuo

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

The Cro-Magnon people Homo sapiens sapiens appear in Europe,
rhe 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,

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

Europeans mark notches on bones and stones to tally numbers. rnn

Flutes, the earliest musical instruments, appear in Europe. rrsl

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

Europeans invent sewing needles made of bone.

trc|l

trol
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-24,000 The hsh hook and fishinS line are in use in Europe. tlcll

-20,000 The bow and arrow have been invented and are in use in Spain and
North Africa. ttol

-20,000 Primitive oil lamps are invented. They are probably fueled by ani-
mal fat in hollowed-out stones, with wicks of plant fiber. rrctl

-20,000 Humans in Europe make paintings on cave walls. rrcx

EN YIR O N M EN TAL DISASTER

n remod,ern peoples are commonly viewed as having lived in harmo-

f ny with nature, white modern civilization is sem as degrading the
L environment and erterminating species. This idealized view mashs
a darker Jact: whether their economy is hunter-gatherer or industrial-capi-
talist, humans have a long history of taking what thsy can until the supply
runs ouL A case in point is that oJ the first hnottn people in the Americas-
the ancestors oJ today's Native Americans, the Clovis culture.

The Clwis culture is namedJor stone tools first discovered in 1952 at a
site near Clovis, Nal Merico, that dates Jrom about 95A0 n.c. Similar tools
dating from about the same time have since been found auoss North
America. The Clovis people are widely beliarcd 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 Ctwis people migratedfrom Siberia into Alasha. 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 anival oJ the Clovis people coincides with a remarkable wave of
species extinctions. /usr beJore 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 8.c., shortly after the Clwis people's arrtval, all these species became
extinct. Within the span oJ a few centuries, North America lost 73 percent

oJ its genera of large mammals, South America about 80 percent.
What happened to all these animals? Beginning with the worhs of

American geoscientist Paul Martin in 1975, many scientists have argued
that the Clovis people hunted these species to extinction. Narcr having seen
humans, the animals would not have feared them, and the humans would

have had no reason to hold bach.. The arrival of the first Americans may
well have been markcd Q an environmental disaster as great as any other
in human history.
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-15,000
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-10,000
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tl(NlThe spear thrower and harpoon are invented.

-9000

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

Humans begin making their own fires. Previously they had relied
on "found" fires, which they carefully carried and maintained. See
also 500,000 s.c. rrol

Dogs, descendants of the Asian wolf, are domesticated in lraq. lto

Herding begins with the domestication of goats in lran. ilo

By this time the ancestors of Native Americans have crossed the
l a n d  b r i d g e  f r o m  S i b e r i a  t o  A l a s k a ,  e n t e r i n g  t h e  W e s t e r n
Hemisphere, though some archaeologists place the first crossing as
early as 53,000 s.c. rlrfll

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

Agriculture is invented in northern Iraq with the farming of wheat
and barley. rlo

Potatoes and beans are cultivated in Peru, rice in Indochina. to

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

The first cities appear in lraq and other siies in the Near East, in-
cludingJericho in Palestine. ilol

In Mesopotamia (modern lraq), clay tokens are used to nlly ship-
ments of grain and animals. This sysrem will be the basis for the
first system of numeration and writing. See 35OO s.c. rlql

Sheep are domesticated in lran. lo

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

New forms of wheat are cultivated in Syria and Turkey. Sugarcane is
cul t ivated in New Guinea. Flax is grown in Southwest Asia.  In
Mexico, maize, squash, peppers, and beans are grown. ro

Mortar is used with sun-dried brick in Jericho. ilcrl

Clay pottery is made in Turkey and the Near East. See also 6000 s.c.
tt.|l

Woven cloth is invented in Anatolia, now Turkey. rtcll

Trepanning, the dril l ing of a hole in the skull as a trearment for
head injuries, is practiced in Europe and Asia. In some regions it
will continue through rhe, Middle Ages and even inro the beginning

-8000

-8000

-8000

-8000

-8000

-7700

-7000

-7000

-7000

-6500

of the twentieth century.
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A BORING PROCEDURE

f ong befare modern brain surgery there was trepanation, the re'

I mwal of bone by boring a small hole in the human shull. In Russia,
I-J Europe, and the Near East, trepanation was practiced as long ago
as the Neolithic period, or Nav Stone Age (9000-6000 B.c.). In some places
it was common as recantly as the Middte Ages. Trepanned shulls have arcn
beenJound associated with the Inca civilimtion (thirteenth to sixteenth cen-
turies A.D.) of Peru.

Trepanation may have bem 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 wtth blood. Cranial
drilling was intended to cure head injuries by allowing ail spirits to escape

Irom the heads oJ the possessed. As late as the nineteenth centun), 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 oJ scraping and grooving the shull to renlove bone without
damaging the underlying dura, afibrous membrane that protects the brain.
The Incas were trairted to anadsthetize the pattent with herbs and nerve
pressure, and there is aildence that some cultutres successfully used primi-
tive antibiotics to stave ofJ infection.

-6000

-5000

-5000

-5000

-4200

Cattle are domesticated in furkey, probably from the long-horned wild
ox called the auroch, or uru. Aurochs will become extinct in 1627. lto

Modern-style wheat for bread is grown in Southwest Asia. Citrus
fruit is domesticated in Indochina. rlo

The first pottery is used for food preparation and consumption. See
also 7000 s.c. tnl

The llama and alpaca are domesticated in Peru. llo

Irrigation is invented in lraq. flol

Nuggets of metal, including gold, silver, and copper, are used as or-
naments and for trade. rrql

Egyptians invent the frrst known calendar with a 365-day year bro-
ken into twelve thirty-day months plus five days of festivals. lt will
be the basis for the Roman and modern Gregorian calendars. The
date of invention is uncertain and may be as late as 2700 e.c. rr, ro

The horse is domesticated in Ukraine. The first known horse riders
are the Ukrainian Sredny Stog culture. rlo

The first sail-propelled boats appear. rr€l-4000
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ItqlThe Esyptians mine and smelt copper ores.

Bricks are fired in kilns in Iraq.

Bronze, an alloy of 90 percent copper and l0 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 n.c., Iron Age.

Wine and beer are developed by Sumerians in western Iran.

The Egyptians use papyrus boats to rravel on the Nile.

The plow is introduced in Sumeria.

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 s.c. tlcll

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

ildl

rlol

tlc|l

rlcNl

TIIE LAST OF THE WINE

he earliest inventions-fire, baws and arrovts, wheeled carts-are
the most dfficult to place in time. Nant excavations and methods
of analysis can overthrow the hoariest of received opinions on

who inventedwhat when. A case in point is thefirst manufacfitre oJ wine.
For a long time, the earliest aidence of wine manufacture came Irom

Egypt from about 3000 a.c. Then, in 1991, Canadian graduate student
Virginia Badler made a nov claim about a dirty fragment of pottery from a
Sumerian site in western lran dating "from about 3500 n.c. The interior oJ
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 b)r
analyzing the reddish residue with infrared spectroscory a method that dis-
tinguishes chemicals by the wavelengths of light thq absorb. fhey 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 oJ wine was pushed backfive hundred years.
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-2900

-2900

-2850

-2700

-2600

-2600
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The wheel is invented in sumeria (southern lraq). It is put to use in
hauling carts and making pottery. rtcll

The Egyptians invent an early form of hieroglyphics. rrql

Hieroglyphic numerals are used in Egypt. n nl

The candle is introduced in Egypt and Crete. ilctl

Cotton fabric is woven in India. rlctl

Dyes for cloth are in use in China and Egypt. rtctl

Imhotep, an Egyptian physician, architect, and counselor ro King
Zoser,  f lour ishes between now and 29SO n.c.  Often cal led the
world's frrst scientist, he writes the first known medical manuscript
and designs the step pyramid, or Pyramid of Zoser, the world's first
large stone structure. nrc

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

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

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

According to legend, Chinese emperor Shen Nung investigares and
experiments with herbs and acupuncrure. The Pen IBao (The Herbal)
is later attributed to him; he wil l be considered the founder of
Chinese medicine. rlD

In the first recorded seagoing voyage, Egyptians searching for
cedarwood sail to Bvblos in Phoenicia. rrlrtr

METHUEELAH'S BIRTHDAY

n North America, about 2700 n.c., a bristlecone pine began growing in
the White Mountains oJ what is now California. That tree, now hnown
as Methuselah, is still alive, making it the oldest-hnown living tree, at

about 4,700 years of age. Bristlecone pines are belia)ed to have a potential
lifespan of 5,500 years and are ritaled in longaity 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.

According to legend, silk manufacture begins in China.
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-2595 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. f,rD

The construction of Stonehenge begins in southwestern En$land,
near Salisbury, and is completed about 1700 n.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-

-2500

-2500

-2500

-2540

-2400

-2300

-2296

ter solstices.

Glass ornaments appear in Egypt.

During the next few centuries the Sumerians develop a system of
standard weights and measures, including such uni$ aS the shekel,
the mina, the log, the homer; the cubit, and the foot. tlcrl

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

Divination, the interpretation of omens perceived in naUral phenom'

ena, is used for medical purposes in Mesopotamia. The body organs
of sacrificed animals are thought to reveal a patient's fate. nD

Maps of lands and cities appear in Mesopotamia.

The Chinese record the ftrst known sighting of a comet.

lftp

Itgl

tlc|l

r|tlo

Stonehenge, England. (Great Britain Ministry oJWorks)
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-2000

-2000

-2000

-2000

-2000
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- 1 8 0 0

- 1 8 0 0
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-1700

-r700

-1700

-1 600
-1 600
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The Park of Intelligence is founded as China's first zoo. ro

The Babylonians develop posirional noation based on the number

60' nfill

Horsedrawn battle chariots and metal riding bits are invented in the

Near East. rlqr

The palace of Minos in Crete has li$ht and air shafts and interior

bathrooms with their own water supply. tlcNl

Using wooden ships, the Minoans of Crete become the world's first

sea power. tlcr|

The Babylonians discover the Pythagorean theorem more than one

thousand years before Pythagoras (c. 530 B'c.). t lll

Babylonian astronomers begin to compile records of celestial obser-
vations, including star catalogs. rtno

The Babylonians develop multiplication tables. r nt

Leavened bread is invented in Egypt. ilcrl

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

Rye is cultivated by eastern Europeans, whose growing season is

not long enough to generate wheat. ro

The Sumerians develop squares and Square roots, cubes and cube
roots, and quadratic equations. They also calculate an approximate
value for pi. n rl

Egyptian mathematicians develop a system of geometry, a ciphered
numeral system, and tables of values for fractions. nsrr

The Babylonians use windmills for irrigation. rrcfl

Egyptians use castor oil as a laxative. nlD

Egyptian medical remedies and procedures are documented in pa-

pyrus manuscrip6, especially those discovered in modern times by

Edwin Smith and George Ebers (see 1872). Topics include arthritis,

hookworm infection, and surgery for head injuries' f,rD

The Phoenicians, or Canaanites, invent the world's f irst purely

phonetic alphabet, based on symbols for sounds, not things or

syllables. This alphabet is the ancestor of all modern Western al'

phabets. tlctl

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. ruD

The Egyptians use the shadow cast by a gnomon, a vertical stick, to

-1 600

-1 500-
1000 e.c.

-1 500
rell time.
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-r 500

-1470

The Chinese under the Shang dynasty (c. 1523-c. 1027 s.c.) devel-
op a system of writing. tlcll

The Aegean volcanic island of Thera (Santorini) explodes. The ashes

and tidal wave bring an end to the powerful Minoan civilization of

C re te ,  pe rm i t t i ng  t he  r i se  o f  t he  Mycenaean  Greeks  and  t he

Phoenicians.

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

Using oared ships and guided by the stars, the Phoenicians learn to

navi$ate in the open sea. rrclr

The Hittites of Asia Minor (now Turkey) develop a practical method

for smelting iron, ushering in the lron Age. Bronze (see 36O0 s.c.) is
gradually replaced as the dominant metal. The revolution reaches

Europe by 1000 n.c. rtcl

The Chinese develop decimal numerals. naill

The Chinese devise a working calendar by this time, if not earlier. Ittlo

The dye known as Tlrian purple is invented by the Phoenicians.

Obtained from a Mediterranean snail, it will be a favorite of the rich

and powerful throughout antiquity. ilctl

The Egyptians dig the first of several canals from the Nile River to

the Red Sea. tlctl

Linen is woven from flax stalks in Egypt. ?tctl

The  O lmec  c i v i l i za t i on  o f  Mesoamer i ca  (Mex i co  and  Cen t ra l

America) raises pyramids and massive stone monuments. trctr

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

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

- l  400s

-1 400

-1 400

-1  550

-1 300

-1 200
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temples where the sick congregate to be healed.

The Chinese burn coal for fuel.

The Chinese store ice to use for refrigeration.

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.

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

The Babylonians are the first to record a solar eclipse.

The arch is in use among the Etruscans in ltaly.

nlD

trctl

rlCH

ltTlo

rlc||



- 7 l ' l '

-700

-700

-700

-668

-650

-625

-600

-600

May 28,
585 e.c.

-585

-585

-580

-570

t H t  t l m t l l i l t  t o o K  o F  S G t r i l c t

The Chinese begin keeping records of comets, meteors, and mete-
orites. rrrro

During the Chou dynasty (c.  lO27 s.c.-256 B.c.) ,  two doctr ines
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.

The Assyrians introduce the aqueduct.

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

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

Thales of Miletus, a Greek philosopher, astronomef, and mathemati-
cian, is born in present-day Turkey (d. 547 s.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 s.c. nrc

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

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

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

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. rrff

Thales studies magnetism.

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

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.n.

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. lro

ruD

ttGtl
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-530

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. lfo

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. rr1ro

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. arilro

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 8.c., the Babylonians. ratrl

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

Greek traveler Hecataeus draws the frrst recognizable map of the
Mediterranean world. r ltrr

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

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 circumnavigaring Africa to the south. rrlil

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

The work known as the Sulyasutras ("Rules'of the Cord") summa-
rizes Indian geometry. nlil

-530

-530

-510

-500

-500

-500

-500

-500 Chinese philosopher Confucius is one of the first to discuss human
nature and how it can be modified. rtvrrl

-500s The sundial is in use in Greece. See 800 8.c., Egypr. rrql

-470 The Greek Alcmaeon becomes the first known physician to dissect
human bodies. Because of objections to human dissection, anato-
my studies wil l decline unti l the works of Mondino De'Luzzi in
1316.
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Greek physician Hippocrates is born on Cos (an island off Turkey,
known later as Kos). He wil l set medicine free of the shackles of
philosophy and religion by being the first to record case hisrories,
practice bedside observations, and provide physicians with moral
inspiration and ethical standards. The Hippocratic oath, adminis-
tered to new physic ians, wi l l  become the best known of  the
Hippocratic writ ings, but its original authorship wil l remain un-
certain. rtD

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, ruc

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. rtrc

Greek philosopher Empedocles of Acragas (Agrigenrum) speculates
that the world is made up of four elements: earth, air, water, and
frre. See also 350 s.c., Aristotle. crrn

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. rrrro

o t t c r r i l c r

Hippocrates. (National Library of Medicine)
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Greek mathematician Hippias introduces the first curve beyond the
circle and the straight line, the trisectrix or quadratrix. r5r

Greek mathematicians discover incommensurable line segments. rut

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. r.rcl

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

Greek philosopher Eudoxus of Cnidus is born \d. 355 s.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. rutl

rtc dc

-400

nclhlng b tcmcflm.t e go:cd tosodyt--lllppcctrlle4
Atcck phytlclent c. lOO t.c.

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.

-42.O

-420

-420

-414

-408

-400

-400

-400

-400

-400

-390

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. r.nc

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

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.

Greek philosopher Democritus argues that objects in the externalworld
radiate beams that induce perceptions in the human mind. rrr.

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

Greek astronomer Heracleides is born in Pontus, now part of furltey
(d. c. 320 e.c.). He will be the first [o argue that Venus and Mercury
orbit the sun.

13
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Plato founds rhe Academy in Athens, often considered the world's
first university. rtrc

slc bc eaalrplciblc et nlonlllla knoiwlodgc e fiulh
mvtJ bc er d;,duallcln lto,n cr|/llct ]r11]l2i.n-lrl|tlotl;z

@tc,ck phllctophot; lovnlh acnluty t.c.

Greek philosopher Arisrotle is born (d. 322 B.c.). Afrer studying un-
der Plato, he wil l write on logic, ethics, poetics, rhetoric, meta-
physics, politics, and nature.
and the physical  wor ld wi l l
through Arab scholars, during
considered authoritative until
1700) calls them into question.

His teachings on biology, medieine,
be transmit ted to Europe, mainly
the Middle Ages. These views will be
the scientific revolution (c. 1550 ro

tttc

HOW DO YOU KNOW THE EARTH ISROUND?

ost people today accept that the earth is round, but many
would be hard put to deJend this claim. A,fter all, as seen from
a casual stroll or even "from an airplane, the earth looks /ar.

Without resorting to pictures Jrom 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 (584-322 n.c.), who argued that one can see the
earth's shape clearly during a lunar eclipse. As the moon pqsses under the
earth's shadow, the shape of the shadow is always round. This elfect might
sometimes be produced by aJlat dish, but not always. For example, the sun
would sometimes strihe the dish edge on, producing a shadow in the shape
oJ 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 na^l 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 hullfirst, whichever direction thq tooh. These elfects could
be explained on$ by a round earth.

As it turns out, the earth is not a perJect sphere but an oblate spheroid,
a sphere slightly flattened at its poles and slightly bulging at the equator.
English physicist Isaq.c 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 arcr since.

14
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-372 Greek botanist Theophrastus is born (d. c.287 s.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

-370

-360

-360

-360

-352

-350

-350

-350

-350

botany.

Between now and 550 s.c. ,
Greek herbal.

tto

Diocles of Carystos writes the first
ttD

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 o.f incommensurable magnitudes. He also
develops the axiom of continuity that serves as the basis for the
method of exhaustion. t^nl

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 e.c .

sFot oatr,clvcle, vc mly leke aJ e bar/,a aetumpilcln, olcclt
fuolm e tulvcy cl pclfilavlet celtct, lhe] nelluscil lhlngt erc

tonc ct ell oJ iltcm ubloal lo chcingc.D-Atltlcrile,
Arcck phllotophoti Jcurtilt GcnJulry ,.c.

Greek mathematician Dinostratus uses the trisectrix or quadratrix
of Hippias (see c. 420 v.c., Hippias) to provide a solution to the
problem of squaring the circle (see c.400 B.c.).

The Chinese report the first recorded supernova.

Chinese astronomer Shin Shen preparesa star catalog with about
ttttoeight hundred entries.

Aristotle classifies animals.
classical biology and zoology.

ln De caelo (On the Heavens), Aristotle defines chemical elements
as constituents of bodies that cannot be broken down into other
parts. qrrn

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.

-35O 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 (eafth, hre, air,
and water). Despite evidence to the contrary, Aristotle's ideas will
dominate medicine for centuries.

t f l l

rttto

He will be considered the founder of
tto
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In his Organon Aristotle systematically outlines the rules of logic, rur

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

Greek physicist Strato is born (d. 27O s.c.). Like Aristotle, he will de-
tect the acceleration of falling bodies but state incorrectly that heavi-
er bodies fall faster than lighter ones. rrryl

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, ilrc

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 pllowed to practice medicine. trD

THE APPIAN WAY

he world's first all-weather road system waE built to Jacilitate
modern warJare. Following their defeat in the Samnite Wars, par-
ticularly their humiliation at the Battle of the Caudine Forks along

the rocky Apennines in 321 8.c., the Roman military began to darclop more
effective attackformations andbetter transportq.tionroutes throughuneven
terrain. The Jormation, the legion, allowed troops to scatter when facing
troublesome roads, then reunite easily when conditions improved. The im-
proved transporta,tion route was the Via Appia, or AppianWay.

The Roman censor Appius Claudius Caecus ordered constrLtction of the
Appian Way, a paved road uniting Rome and Capua, to be usable by noops
in all weather. Begun in 312 8.c., the road was built oJ multiple layers of
durable materials, the top layer composed oJ a mixture of concrete, rubble,
and stones set in mortar. The road was instrumental in Jacilitating Roman
victory infuture wars with the Samnites.

Equally irnportant was the Appian Way's vanous political uses. It was ctu-
cial to building commercial interests and sustaining cultural links with and po-
Iitical control wer the provinces. Ovq time, sevqral roads wqe built to linh
Rome with other cities and colonies, including the Via Flaminia (Flaminian
Way), which headed north to linh ltaly with the Latin colony of Ariminum. In
aII, the Roman road system covered more than JiJty thousand miles and
crossed through thirty countries. Only remnants oJ the roads still exist.
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The Greek philosopher Theophrastus writes the first systematic
book on botany, describing over five hundred plant species, ro

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

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. rrril

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. ilcrl

By now the Babylonians have developed a symbol for zero. t tll

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. rrril

Euclid, a Greek in Alexandria, Egypt, writes his Elemenfs, 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. ttil

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

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. tltrl

The third century g.c. is a golden age of Greek mathematics, due
largely to the work of Euclid, Apollonius of Perga, and Archimedes
at Alexandria, Egypt. nail

Indian mathematicians develop the Brahmi numerals, a decimal
system of numeration without a place-value notation. n^il

Alexandria's Greek school of medicine is founded. rrD

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

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. rlD

Greek scientist, mathematician, and inventor Archimedes is born
(d. 212 s.c.). He will discover the law of specific gravity and study
the mathematics of the lever. Among his inventions wil l be the
Archimedean screw a device to lift water and loose materials such
as sand.
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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 che function of the arter-
ies and veins, Herophilus advocates bloodletting, which will be used
as a therapeutic for more than two thousand years. rrD

The Colossus of Rhodes, a lO5-foot-high statue of the sun god, is
completed. rlcrl

Sostratus of Cnidus builds a 500'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. rlctl

t@lvc mc e e|nm .pcl on rtlclt ,o tlond, and l wlll
mcyc frio oetlh.E$1eqk molhcineflalgln end lnvon|cll,

Atchlmcdot cn lhc lovcti on oJ hb pdnalpel elrc,clt
cJ totoerch; Jhttd ccnlusy ).c.

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. trcil

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

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 12O2, Fibonacci. nnll

While siffing 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. nrvf

Greek scientist Archimedes works out the mathematics of the
Iever. lrcll

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 ri$ht triangles as well as solutions to
problems in simultaneous linear equations using positive and nega-
tive numbers.

From now until 48 s.c., the Alexandrian medical school enjoys
its greatest prominence. It is the only center in the ancient world
where human dissect ion is regular ly pract iced for scient i f ic
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. tfiYl

Chinese astronomers make the first known observation of Halley's

Comet. See 1705, Halley. Atllo

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. rrrill

Greek mathematician Apollonius of Per$a, known in antiquity as

the Great Geometer, publishes his Conics, which makes several im-
portant advances in the study of these curves. nerr

The Great  Wal l  o f  China is  begun by Emperor  Shih  Huang T i ,

founder of the Ch'in dynasty. It will eventually extend 1,500 miles

from the Pacific Ocean to central Asia. rrctl

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 ma$-
nitude too small. See also 1650, Wendelin. Attlo

The Greeks invent the astrolabe, a device for measuring the posi-

tions of heavenly bodies. rtilo

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

The Chinese make the first recorded observations of sunspots, rrrlo

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

Chinese philosopher Han Ying makes the frrst known reference to
the hexagonal structure of snowflakes. cxln

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

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

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
v iew  tha t  w i l l  dom ina te  Eu ropean  th i nk ing  un t i l  t he  t ime  o f
Copernicus. See 1543, Copernicus. See also 140, Ptolemy. rrrro

t 9



-  roo
-100s

-r00

-r00

-100

-99

-63

-60

-52

-50

-46

t l t l  t t n l l l t r  t o o f  o t  t c t l x G l

Hipparchus invents a system of magnitude for measuring the
brightness of stars, the basis for the modern system. See alio 1856,
Po$son. rrlro

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

Chinese mathematicians use negative numbers. nlrr

In Syria the process of glassblowing is invented. trcrl

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 attemp$ to cure disease
through exercise, bathing, and varying the diet. This theory is re-
vived in different forms far into the eighteenth century. rrD

A primitive system of shorthand is developed by former slave
Marcus nrllius Tiro. rrcr!

In the poem On the Nature of Things, the Roman philosopher
Lucretius speculates, as had Democritus (see 44O s.c.), that matter
is made of atoms. lrrvf

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. r'tr{D

Mayan written records begin in Mesoamerica. Though writing in
the New World did not begin with the Maya (see 6O0 n.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 n.o. 250 to 900. rrol

Following the advice of Greek asronomer Sosigenes, Julius Caesar
institutes the Julian calendar, a reform of the Roman calendar
based on estimates that the year is 565'h 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. rrrro

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 satus 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. rtlo

-44
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-44 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 Chlnese. r rfll

-40s The Tower of Winds in Athens is built by Andronikos of Kyrrhestes.
Its t imekeeping device combines a water clock and eight solar
clocks. rrcH

-28

-27

From now unt i l  1638, Chinese astronomers keep cont inuous
records of sunspot activity. lrrto
The Roman Pantheon, an early domed building, is begun this year. rror

20

43

50

60

A.D.

Greek historian and philosopher Strabo summarizes the geographi-
cal knowledge of his day in Geographia. r^rfll
ln 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.

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

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.

Roman encyclopedist Aulus cornerius cersus writes the first orga,
nized medical history, which describes the four cardinal symptoms
of inflammation: redness, swelling, heat, and pain. nlD
Greek engineer Hero, or Heron, of Alexandria invents a primitive
steam engine, but it is never put to productive use. rlcrr
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.

Roman natural  phi losopher pl iny the Elder publ ishes 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 propagares throughout the Middle Ages.
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T r r E  r r n l t l i l E  l o o K  o F  S G I l l l G l

In China the religion of Buddhism (imported from India, where it
was founded in the sixth century n.c.), introduces faith healing,
hypnotism, autosuggestion, and meditation arts as components of
medical practice.

Greek mathematician Hero, or Heron, of Alexandria publishes the
Metrica, in which he demonstrates Heron's formula for the area of
a triangle. rrill

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. ^rcrl

In Rome, multiple aqueducts provide 250 gallons of water per day
to the citizenry. llcrr

The Chinese note that a magnetic sliver, allowed to turn freely, al-
ways points north-south. See also 1180, Neckam. rrtvt

THE MUPTION OF MOUNT VESIIy IUS
nryust 24,79

eanwhile on Mount Vesuvius broad sheets of fire and leaping

flames blazed at several points, their bright glare emphasized

4, the darkness oJnight....

Thqt ftis uncle's householdJ debated whether to stay indoors or take their

chance in the open, for the buildings were novl shaking with violent shocks,

and seemed to be nuaying to andJro as if they were tornJrom theirJounda'

tions. Outside, on the other hand, there was the danger oJ falling pumice

stones, arcn though these were light andporous..'.

We also saw the sea sucked away and apparently forced back by the earth'

quahe; at any rate it recededlrom the shore so that quantities oJ sea crea-

tures were leJt stranded on dry sand....

At last the darkness thinned and dispersed like smohe or cloud: then there

was genuine daytight, and the sun a.ctually shone out, but yellowish as if fs

during an eclipse. We were terrified to see nrerything changed, buried deep

in ashes lihe snowdrifts.

-Eyewitness impressions oJ the disaster that destroyed the

towns of Pompeii and Hqculaneum,.from Pliny the Younger, in

Letters (translatedby Betty Radice, 1969)



T I I E  T T N E l I I I E  B O O K  O F  S C I E ] I C E t oo

100 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- ro

100 A female alchemist known as Mary the Jewess, living in the frrst 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. crrm

100 Alexandrian mathematician Menelaus writes on spherical geometry
in his Spherics. n trl

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

100 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. nlD

105 Chinese inventor Tsai Lun devises papen 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). I t  wi l l  not reach Europe unti l

106

1320. rlol

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

Between now and 158, 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. rlD

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

Zhang Heng of China refines the armillary ring, firsr introduced in
52 s.c. and used for observing the stars. Arlno

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

Imported wheat from Egypt and North Africa lowers grain prices
and decreases the number of Roman farmers, who cannot compete

n 7
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with foreign prices.
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T l t l  t l n l l l l l l  B o o K  o f  S c I E l l c E

In the Megald syntaxis t€s astronomias, later known as The
Almagest, the Alexandrian astronomer, geographer, and mathemati-
cian Claudius Ptolemaeus (Ptolemy) synthesizes the $eocentric
Ptolemaic system that will dominate Western cosmology until the
Copernican revolution of 1545.ln Ftolemy'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. Itllo

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. ^trro

Ptolemy's Almagest includes a table of chords and writ ings on
trigonometry. n il

uEvcty elnlmel b red cillct aotlut crlaopl lhc

hunen Jcmelc and ]hc rootJcrt o-Cleudtuc Aelcn'

Atock phytlclen olnd rcholet; cccond ccnluty A:.D.

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-

rectty explains the passage of blood through the heart. Ri$ht and

wrong, his pronouncements will carry medical authority for the

next seventeen centuries. ntD

Galen establishes the doctrine of vitalism, which claims that a force

that  is  ne i ther  chemica l  nor  mechanica l  is  respons ib le  for  the

processes of l i fe. He specif ical ly identi f ies animal spir i ts in the

brain, vital spirits in the heart, and natural spirits in the liver. rnD

The first known alchemy manuscripts appear in E$ypt. qiln

The Chinese observe a supernova in the constellation Centaurus

that remains visible for twenty months. ^firo

The Chinese calculate pi to five decimal places: 3.14159. f,ffll

Greek mathematician Diophantus devises solut ions to problems

that represent the beginnings of algebra. His problems include ones

that must be solved with whole numbers, known as Diophantine

equations. n fll

The Mayan c lass ic  per iod begins in  Mesoamer ica (Mexico and

Central America). lasting until 900, the classic Maya civilization will

ntake great advances in agriculture, asffonomy, mathematics, writ'

ing, and architecture. ntrc
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Sopllnlvt Flc,tont tctlvlllenut Jlcslolllclnl,
Gatlhc,glnloln aharchmclni ^.D. ,99

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

29, The Coptic calendar is introduced in Egypt and Ethiopia. ilcrl

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

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

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.

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

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

Alexandrian philosciphers coin the term chemistry to denote the
process of change in material substances. ctlrr

Indian texm called the siddhantas contain the first trigcinometric use
of half-chords, the predecessor of the modern sine function. n il

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

The Chinese invent the wheelbarrow. rrcrl

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

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.  335 s.c.) .

st. Patrick spreads christianity throughour lreland. By 795 lrish
monks, following the path of the navigaror Sr. Brendan, are be-
l ieved to have reached Iceland.

400
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5ept.4,476 The last Roman emperor, Romulus Augustulus, is deposed by the
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 50,
1453, Constantinople.

499 Indian mathematician Aryabhata writes the Aryabhatiya, a summa-
ry of astronomical and mathematical knowledge. Among other
rhings, he recalculates the Ptolemaic measurements of celestial mo-

500

529

529

537

552

560

595

600

600

tion and suggests that the earth rotates.

Polynesians begin settling the islands of Hawaii.

tfiro

t rfll

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. ntD

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

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

Silkworms are smuggled from the Far East at the order of Byzantine
e m p e r o r  J u s t i n i a n ,  t h u s  i n t r o d u c i n g  s i l k  p r o d u c t i o n  t o
Constantinople. llo

Eutocius's commentaries on Archimedes and Apollonius preserve
many of their mathematical ideas. tarrl

Hindu numerals make their frrst 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

nor appear until later (see 876). Hindu numerals will be adopted by
t h e  A r a b s  a n d  l a t e r  b y  t h e  W e s t .  S e e  8 2 0 ,  M u h a m m a d  i b n
al-KhwdrizmT. tsrr

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

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-

26
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NUMM.AL 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 a.c. Now regarded as an archetypal victory oJ

ignorance over hnowledge, this move was made to deJend the state religion,
Christianity,Irom what was then perceived as pagan influences.

Some oJ the Academy's scholars moved to Syria, where they founded
centers oJ Greek learning. Howarcr, they regarded their nav home as an
academic bachwater and expressed disdain Jor the level oJ hnourledge oJ
non-Greehs. On hearing oJ this, Syrian bishop Sqverus Sebohht was moved,
writing in 662, to let the Greehs hnow that "there are also others who
know something." Noting that the Hindus in particular had made great ad-
vq.nces in astronomy and mathematics, Sebohht praised their "valulable

methods of calculation, and their computing that surpasses description. I
wish only to say that this computation is done by means oJ nine signs."
This is now considered the ftrst 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 oJ Hindu numerals u,as an indirect result oJ

Justinian's distaste for Greeh learning and the Greeks' distaste Jor anery-
one else's.

tH r  T rnE l r x l  l ooK  o r  t c l r l r cE 6 0 2

Sept.20,
622

Priests from Korea introduce the Chinese calendar and astronomy
to Japan. rrrlo

Indian mathematician Brahmagupta uses negative numbers. His
Brahma- sphuta- siddhAntu ff eats tri gonometry, algeb ra, an d men su-
ration. nrtl

The Arab prophet Muhammad (c. 570-632), founder of rhe religion
of Islam, flees from his native city of Mecca to Medina. Muslims will
date their calendars from this evenr, 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 Easr to
central Asia. In the following cenruries the Arabs will sponsor a re-
vival of science and learning that will greatly influence European

Sugar is introduced to Constantinople by soldiers returning through
India from fighting in Persia (lran). ttctl
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T I I E  T I N E f T I I E  B O O K  O F  S C T E i l C E

The Chinese observe that a comet's tail always points away from
the sun. See also 1540, Peter Apian. tltro

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 scientifrc and mathematical
knowledge of the Greeks.

Syrian bishop Severus Sebokht makes the earliest specific reference

to Hindu numerals. See 595 for their earliest occurrence. t ttl

Cal l inicus, an alchemist in Constantinople, invents Greek f ire, a

chemical mixture (perhaps naphtha, potassium nitrate, and calcium

oxide) that burns on water and is useful in naval battles.

The first sundial in England is erected in Newcastle. rutrro

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.

The Chinese invent porcelain, a form of pottery that eventual ly

reaches Europe under the popular name china. ilclr

Windmills are invented in Persia (lran). The Crusaders will bring the

idea to Europe in the twelfth century. tlcll

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.

708 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 centurv.

721 Arab alchemistJabir  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 subsance that
can cure any disease. In the course of these fruitless efforts he will
make imporrant discoveries in chemistry, including aluminum chlo-
ride. acetic acid, nitric acid, and white lead.

Geber distills acetic acid from vinegar to creale the first pure acid

knOwn. CHln

After learning papermaking techniques from Chinese prisoners,

Muslim engineers construct the first paper mill in Muslim territory. A

Chinese-influenced paper millwill open in Baghdad, Iraq, in 793. ttct
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765

770

770

780

Three-field crop rotation, which allows land to be productive for two

out of three years, is first mentioned in European texts. lt will later

be popularizedby Carolingian king Charlema$ne. lro

Hindu works on mathematics are translated into Arabic aS the

Arabs begin to synthesize, then extend the discoveries of Greek and

Indian mathematicians. nrfl

Iron horseshoes come into widespread use in Europe. ilclr

Arab mathematic ian Muhammad ibn al-Khwdrizmr is born in

Khwarizm, now Uzbekistan (d. 850). His translated works will intro-

duce Hindu-Arabic notation to Europe. His name, al-KhwdrizmT, is

827

836

850

850

the source of the modern word algorithm. tatlr

g00 Chinese mathematicians solve equations with the method of finite

differences. fltll

g00 French ecc les iast ic  St .  Bernard forb ids Cis terc ian monks f rom

studying medical books, declaring that prayer is the only remedy

allowed to treat the sick. mD

g00 persians elevate the professional standards of their physicians by

requiring examinations before licensing. ttD

808 Islamic translator Hunayn ibn Ishaq is born (d. 873). He will trans-

late many volumes of Greek natural science, including works by

Plato, Aristotle, Hippouates, and Galen. nrc

Having borrowed Hindu numerals (now known as Arabic numerals)

from India, Muhammad ibn al-l(hwdrizmT outlines rules for comput-

ing with these numerals. ln At-jabr wa'l muqabalah, 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. t^trl

Ptolemy's synthesis of Greek astronomy, Megale syntaxis t€s as'

tronomias (c. 140), is translated into Arabic as Al magiste, or The

Greatest.lt becomes known to history as The Almagest. rfiro

Arab mathematician Thabit ibn Qurra is born in Haran, now Turkey

(d. 901). He wil l  translate Greek works into Arabic and work on

solving the problem of Euclid's fifth postulate. talll

The astrolabe, used for astronomical observations, is ref ined by

Arab scientists. llllo

The Arabs begin drinking coffee, a beverage that will not spread to

Europe until hundreds of years later. nItG

820
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t t 8 t t r r  r rmt l t l r l  t ooK o t  t c t t i l c :

BEFORE GUTENBERG

f 
n ruSe, German printer Johannes Gutmberg Jounded the modern pub-

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

-r. and printed it on a wood printing press. But Gutenberg was not the first
to invent printing or movable We. The rtr$ qcperimenters with the printing
process were the Sumerians, who cut into qttindrical stones symbols repre-
senting a signature, and pressed the imnge into clay thz.t was then bn.hed. The
technique oJ rarcrsed characters being inked onto paper was first darcIoped
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
elarcnth century, both Chinese and Korean printers were using clay, wood,
bronzn, andiron to darcIop mwable We The Chinese printer Pi Sheng was a
leader in the field oJ setting individual ideograms in clay type.

858 Arabian astronomer AbO-Abd AllEh Muhammad ibn Jdbir ibn Sindn
al BatEni (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. rrlrc

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

863

868

870

874

ious other peoples.

The f i rst  pr inted book,
China.

tlgl

The Diamond Sutra, is manufactured in
tlc|l

876

880

880

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. rerill

A Viking named Ingolfur Arnarson lands in lceland, leading to the
first permanent settlement there. urrrr

The symbol for zero appears in India. nril

Arab alchemists and physicians distillwine to produce alcohol. otrn

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. I-ater 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. rrD
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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. llcll

The classic Mayan civilization (begun c.250) collapses. tltc

With the Dunhuang star map Chinese astronomers invent a map-
projection techniqtie of the kind later called the Mercator projec-
tion. See 1568. ltflo

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. ffD

Icelander Erik Thorvaldson, or Erik the Red, discovers Greenland. A
Viking colony is begun there in 986. See also 1576. ltlrll

The Maoris, a Polynesian people, colonize New Zealand. Within a
few hundred years they wi l l  exterminate most of  the is land's
unique animal species, including the large fl i$htless birds called

900

940

980

982

1000

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.

A Viking named Bjarne Herjulfson becomes the first European to

s e e  . t h e  A m e r i c a s  w h d n  h e  s a i l s  w e s t  p a s t  G r e e n l a n d  t o
Newfoundland, Canada. TWo years later, Leif Eriksson will travel

there to found the short-lived colonv of Vinland.

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

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.

In China the pivoting needle on a magnetic compass is discovered
and becomes an important aid to navigators. By 1100 this knowl-
edge is  p icked up by Arab t raders  through contacts  wi th  the
Indonesian islands.

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. ilcrr

The Bridge of the Ten Thousand Acres in Foochow, China, is con'
structed. rrcrl
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T H E  T I M E l I i l E  B O O K  O F  3 C I E I I C E

A bright "guest star" or supernova, visible for a number of years, is
observed in China, Japan, various Islamic lands, and Europe. rrtro

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

Arab physicist Ab0 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. rryt

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. nlD

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

Arab poet, scientist, and mathematician Omar Khayydm is born
(d. 1123). His Algebra will go beyond al-t(hwdrizmT's (see 820) to in,
clude equations of the third degree. n fll

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
Of arrow. ttcrl

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

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

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. ruD

During Will iam the Conqueror's invasion of England, the bright
phenomenon now called Halley's Comet is sighted. Irrro

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

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

The Arab astronomer Arzachel theorizes correctlv that the orbits of
planets are elliptical, not circular. lrrro
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Persian miniature of an Arab scientist using
early navigational instrumen ts. (Topknpi
Museum, Istanbul\

1086

c .  1100s

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

Lat in  t rans la tors  such as Adelard o f  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

c .  1100

1 1 0 0

European science.

The Chinese demonstrate the cause of solar and lunar eclipses.

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

A history of science by Arab writer Abu'l Fath al-Chuzini includes
tables of specifrc densities and observations on gravity. plrvt

c .  1100
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1142
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c .  1 1 5 9

f i75

l t 7 6

i l80

1 1 8 0

rr84

1 1 8 9

fi93

c. 1194

1 200s

T H E  T T M E l T I I E  ! O O K  O F  ' C T I I I C E

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.

The Abbey of St. Denis near paris, designed by Abbe Suger, be-
comes the frrst major building ro make use of flying buttresses, a
system of architectural support rhar permits the building of gigantic
cathedrals. The new architecture is known as Gothic.

nlhc dull mlnd iltct tc ]tulh lhtough thcr] whtah
b mclcilg,l.n-Abbc gvgot, c,rchll',al end buildct oJ lttc

Abbcy ol 8f. Dcnl4 tho lll'ril lmpolfian) oxanplc ol
Ocr]hlc cltahllr,c|attoi opcnod ln | | 37

Adelard of Bath translates Euclid's Elements into l-arin.

Soldiers returning from the Crusades
sugar to Europe.

Between now and 1173, Benjamin of Tudela ravels 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.

Gerard of Cremona, Italy, translates ptolemy's astronomical com-
pendium The Almagesf into larin, along with other Greek and Arab

the Middle East introduce
ilof

rnro

lo

works.

In England, rabbits are introduced as local livestock.

English scholar Alexander Neckam is the first European to note that
a magnetic needle always points north-south (see a/so China,
100s). Three centuries later, this discovery contributes to the navi-
gation feats of the age of exploration. ilrYr

In England, glass windows are used in houses. rtcl

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. rrcH

In France, the first paper mill in Christian Europe is opened. See
also 1276 and 1494. rrql

Indigo is imported from India for use in dyeing fabrics.

Viking explorers reach Spirzberg, 450 kilometers north of the Arctic
Circle, This is the farthest north the Vikings go. rrtf,il

Coal, known as a fuel in China since 1000 e.c., is mined in England
by early in this century. See 1233, Newcastle. ilor
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1202
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c .1220

1225

t 2 3 3

r 2 3 7

1240

r H t  t l m l f l l l t  l o o K  o ;  t c l E l r c E r 200

Medical  instruct ion becomes more theoret ical  and scholar ly,
spreading to medical schools at Montpell ier, Paris, Oxford, and

Bologna. ttD

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. See820, al-KhwErizmT. n il

scottish naturalist Michael scot translates Aristotle's classifications
of animals into latin. llo

Jordanus Nemorarius publishes Mechanica, describing a law of the
lever and the law of the composition of movements. ttlvt

Cotton is first manufactured in Spain. llcll

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.

c . 1 2 4 5 -
r 2 4 7

Chinese physician Chen Tzu-nin$ publishes his Fu Jen Liang Fang,
the frrst Asian monograph on the diseases of women. ruD

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

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

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. ttol

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

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. llo

Albertus Magnus discovers the element arsenic. oiln

Crusaders returning to Europe from Arab lands help spread accep-
tance of Arabic numbering and decimal systems. n rr

Construction begins on an observatory at Maragha, Iran. rrrro

An observatory is built at Beuing, China. Itrlo

Bakers' marks, the forerunner to trademarks, are used for the hrst
time in England. Through them bakers identify their wares with in-
dividualized icons slashed into the bread. ilcNl

r249

r 2 4 9

c . 1 2 5 0

:. 1250

1250

r259

: . 1 2 6 O

1 2 6 4
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During the Kamakura period (1185-1333), Japanese swordsmirhs
reach their technical apex. Their tachi (slashing swords) are sharp
enough to behead an enemy with one stroke.

tlJ r,c,ctnr wondc,rtul| lo .v.r,cno lhel scrntofimot tJonct
llitc lc,und ]hel hqvc llgutct cJ olnlmclb lnrl|dc end clofddc....
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r 26 '

c . 1 2 6 5

1 2 6 7

1269

1269

1269

c.  l27O

1270

r 2 7 2

c . 1 2 7 6

1 2 7 6

c. l28O

1 288

r289

c . 1 2 9 0

The Council of Venice forbids Jews to pracrice medicine among
Christians. ffD

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

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.

Tolls are charged on some roads in England.

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.

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.

The Alphonsine tables, planetary charts whose compilation was or-
dered in l25O by Alphonso X of Castile, are completed. They will
remain in use unti l the 1500s.

Italian scientist Giles of Rome writes a reatise, 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

ttcrl

rt'G

tto

rICH

tlctl

trc|l

and the biological importance of each of the rwo parents.

Papermaking begins in ltaly, in the city of Montefano.

Arab physician Alquarashi is the first to identify the pulmonary
transit of blood, from the right to the left ventricle via the lungs. rlD

The frrst known gun, a small cannon, is made in China.

Block printing is used for the first time in Europe.

French surgeon Henri de Mondevil le 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.
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t 2 9 l In Venice, glassmakers learn to produce clear glass (only colored

glass has been available since $lass ornaments first appeared in

Egypt about 25OO B.c.). The colorless $lass will make modern mir-

rors and windowpanes possible. tlclr

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.

French physician Lanfranchi becomes the first to describe a brain

concussion and the symptoms of a skull fracture. HtD

Venetian merchant Marco Polo publishes Divisament doumonde, de-

scribing his travels (1275-1295) in China. The book will inspire fu-

ture explorers. lrnilr

Mechanical clocks, driven by the force of gravity on wei$hts, are in'

vented in Europe. tlcl

The False Geber, an anonymous alchemist writing under the name

Geber, discovers sulfuric acid, the most powerful acid yet known. cHtn

c . 1 2 9 2

1295

1298

1 500s

1 300

WHEN GI,ASS LOST NS COLOR

or thousands oJ years aJter sand was fired into glass objects in the

Near East around 2500 8.C., this now commonly clear material

was usually produced on$ in color. Irnpurities lent color to glass,

and a workable decolorization process had yet to be invented'

By the end oJ the thirteenth cenftiry, the technique of adding clariJying

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

glassmahing processes was to move in 1291 to an isolated island where ma-

terials were hoarded, techniques kept secret, and penalties assessed on treE-

passers and talkative employees.
To infuse glass with color, irnpurities can still be useful. Here are some

common cornpounds added to glass to produce popular colors:
Blue Cobalt and copper

Bottle Green Oxidized iron

Brown
Purple
Red
Ruby

Iron and sulfur
Chromates
Copper or selenium
Gold
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1312

1316

1320

1328

1333

Aug.26,
1346

c . 1 3 4 8

c. l35O

c . 1 3 6 O

t H t  T t n t l t l t t  E o o K  o F  t c l S l t c t

Spanish alchemist Arnau de Villanova distills alcohol for rhe first
time, producing brandy from wine. rtctl

Chinese mathematician Chu'Shi-ki€ (Chu Shih-chieh) wrires the
Precious Mirror oJ the Four Elemenfs, 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. rril

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

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

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

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. ilcrr

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

In Venice the first bonnical garden since antiquity is established. rro

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

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. ruD

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). rryt

French mathematic ian Nicole d 'Oresme general izes 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. n rr

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. nlD

1370
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1391 English writer Geoffrey Chaucer's TTeatise 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, be$ins to gain populari ty as a

beverage in Arab countries. It will reach most of Europe by the mid-

seventeenth centurv. ltGH

Protective clothing used by doctors and others who visited plague houses (1720

en gravin g) . (Germani sche s N ational Mus eum, N urembur g)



BLAMING T'HETEWS

ubonic plague, hnown in medieval times as the black d.eath, is
hnown today to be caused by the bacterium yersinia pestis, a mi-
crobe transmitted to humans by the bite oJ fleas from infected

hosfs, especially rats. However, in the mid-fourteenth century, when the
black death moved like a weve a.cross central Asia, the Middte East, North
AJrica, and Europe, its cause was a tnystery. Its sufferers experienced chills,
high Jever, vomiting, dianhea, and the formation of buboes. or painfut in-
flammations of lymph nodes, most commonry in the groin. Black hemor-
rhages might form and the disease turn into pneumonic plague, in which
the patient's lungs became infected,leading swiftty to d.eath. The pneumon-
ic form was particularly contagious, transmittedfrom one person to anoth-
er by water droplets in the air.

unchecked by medical knowledge, this lethal epidemic decimated the
population. sufferers grappled for 0. way to erplain its destruction. Many
christians, considering it divine punishment Jor moral wrongd.oing, turned,
to prayer and o.cts of penance. others took a course as yirulent as the dis-
ease itsel"f: blaming the Jd)s.

In communities throughout provence, catalonia., Aragon, switzerland.,
southern Germany, and the Rhineland, Jews were accused oJ poisoning
christian water sources. violence erupted against Jevvs. In some areas, gov-
ernmerTts resisted the clamor for retribution, but others abetted the Christian
protests. Hundreds oJ Jauish communities were destroyed. Jevtts in western
Europe were burned, tortured, imprisoned, ahd exiled in numbers large
enough to shift the center of EuropeanJewry permanently eastward.

t aoo T H E  T I T E f  I N t  B O O K  O F  S C I E N G E

Italian architect Filippo Brunelleschi begins the first archaeological
digs in Rome. tlctl
English monks Johann Sprenger and Heinrich Kraemer publish ?"he
witches'Hammer, claiming in it that witches are devil possessed and
should be killed. Although this book has a long, influential hisrory in
Europe, by the twentieth century researchers will theorize that most
"possessed" people in the 1400s were in fact mentally ill.

Emperor Yung-lo of China encourages overseas conquest. Admiral
Cheng-ho's fleet sails as far west as the Red Sea, visiring Mecca and
Egypt as well as Indonesia, Malaya, and Sri Lanka.

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. r lrrl

c .  1400

I 400

c .  l 4OZ

1 4 1 8
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t 4 l 8
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1430s

1 4 3 6

1439

1440

c. 1450

c .  l 45O

Portuguese-navigators discover and claim Madeira. trrflr

The Portuguese navigator Diogo de Sevilha discovers the Azores, an

island chain more than seven hundred miles west of Portugal. rmmr

Mongol astronomer UlrJ$h Beg builds an observatory at Samarkand

featuring a quadrant, a device to measure stellar positions, that is

180 feet high. rfiro

Ul[gh Beg publishes a new star map and tables of star positions,

improving on Ptolemy's work. rtrro

Ital ian art ist Leon Batt ista Albert i  wri tes on using mathematical

principles to achieve perspective in art. tlcll

The military forces of French king Charles VII become the first to

make systematic use of gunpowder artillery. rlctl

German scholar Nicholas of Cusa argues that space is inhnite and

that the stars are suns, each with its own inhabited planets. ^trro

It is discovered that transporting soil up from the valleys in the

Andes mountains makes the higher regions arable. tlo

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. trD

The Dutch harquebus becomes the first firearm small enough to be

carried and fired by a single person. tlcll

The Chinese are printin$ pages using movable wooden type, an in-

novation that will soon (see 1454) spread to Europe. ilcH

Nicholas of Cusa, a German scholar, introduces the idea of using

concave lenses to amend nearsi$htedness. Previously, only convex

lenses for farsi$htedness were used. llcrr

Between now and 1519, Leonardo da Vinci makes notes proposin$

the marine origin of fossils. Knowing it would be thought heretical,

1450

1450

c. 1452

May 50,
t453

da Vinci does not publicly reveal this observation.

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 wi l l  become known as Istanbul. Christ ian
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).

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 I-atin. This first printed book is now called the

1454

Gutenberg Bible.
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1470

1 4 7 2
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c.  1475

r476

1 479

1481

1 483

T H E  T I M E I T I I E  B O O K  O r  S C I E I I C E

Sugar is made more widely available in England.

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

Prince Henry the Navigator dies (b. 1394). By this rime porruguese
explorers have sai led down the west coast of  Afr ica as far  as
present-day Gambia.

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

German mathematician and astronomer Regiomontanus (Johann
Muller) makes the frrst scientific study of the comet that will larer
become known as Halley's Comet (see December 25, 1758). ^rrro

Astronomeir 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.

The first medical dictionary is printed.

The atomic theory of  Democri tus becomes known to Western
scholars with the translation into Latin of Lucretius's On the Nature
of Things (60 s.c.).

Regiomontanus publishes his Ephemerides astronomicae, a com-
pendium of celestial coordinates that will prove useful to navigators.

ltflo

tlD

lttro

Winches te r  Ca thed ra l  i n
llctl

Geographia are translated
llrfll

See February 29, 1504, Columbus.

A f t e r  425  yea rs  unde r  cons t ruc t i on ,
England is completed.

Aristotle's Meteorologia and Ptolemy's
into Latin.

In Venice, Aristotle's fourth-century B.c. work on animal structure,
function, reproduction, physiology, and development is published un-
der the tille De animalibus. It is the hrst zoological compilation. lto

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. tlctr

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

Greek botan is t  and ph i losopher  Theophrastus (372-287 e.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 bocanv.

Portuguese navi$ator Bartholomeu Dias discovers the southernmost
tip of Africa, the Cape of Good Hope. rrrml

1 487
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t487

1490

John II of Portugal, Prince Henry the Navi$ator's grand-nephew, or-
ganizes an expedition through the Mediterranean and the Red Sea
under the leadership of Pero de Covilhio. rurl

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. rulr

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

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.  Unl ike the Vik ings,
Columbus will open the Western Hemisphere to wholesale coloniza-
tion by Europe. trrill

Italian mathematician Francesco Pellos introduces the decimal
point. nertl

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

t490

Oct. 12,
1492

1492

1492

Europe.

Sept. 25,
1493

t493

1494

t494

c. 1497

1497

Nov. 22,
1497

Columbus's second voyage sets sail from Cadiz, Spain. This l7-ship ex-
pedition will explore Dominica, Puerto Rico, Cuba, andJamaica. rrril

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. ruD

Ialian 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. nrrl

The first English paper mill opens. rrcrl

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." tllnl

I ta l ian mariner Giovanni  Caboto (John Cabot) ,  sai l ing 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. tllltl

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. reril
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1 500

c. 1500

1 501

I 501

May 9, 1502

1 503

Feb.29,
1504

1504

r 506

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. r ril

German engineer Ulrich Rulein von lQlbe writes Bergbuchlein, the
first known mining manual. t r?tr

Italian painter and scientist Leonardo da Vinci dissects human
bodies and records his anatomical f indings in accurate, detailed
drawings. nrD

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

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

Columbus departs from Cadiz, Spain, on his fourth and final voyage
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. rlrflr

The properties of rubber are noted for the hrst 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. ilctl

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. rttro

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

The Laocoon sculpture (first century s.c.) is discovered near Santa
Maria Maggiore, Italy. It will influence Renaissance sculptors such as
Michelangelo. Alctl

The name America appears on a map for the first time. German
cartographer Martin Waldseemuller 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.
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French barber and surgeon Ambroise Par6 (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,

Pard treats them with salves and cleanliness. And when colleagues

are cauterizing bleeding arteries-without anaesthesia-Pare learns
ruDto tie off arteries to stop blood loss.

Scientist and artist Leonardo da Vinci desi$ns a horizontal water

wheel, a forerunner of the water turbine. llcrr

LEONARDO'S SCIENCE

talian Renaissance artist Leonardo da Vinci is well known. Leonardo

the scientifc investigator has been less weII appreciated. Yet his note-

books, particularly the two pruiously unhnown ones found in Madrid

in 1965, reveal the ltalian 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.
A brieJ sarnpling of Leonardo's scientific achievements shows not only

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

c In 1494, while sewing as artist and scientist to the court of Lodwico
Sforza in Milan (one year before completing the painting The Last
Supper), he devised plans to harness the waters of the Arno River.

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

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

o During a time of great artistic achiarcmenf ftis Mona Lisa was created
in 1505), hefurtheredhis srudy oJ anatomy by ana$zing the movements
oJ birds in flight and carrying out a variety of cadarer dissections that
culminated in a booh- oJ lfe drawings, Anatomy (1508, unpublished).

oWhile architect and engineer to French king Louis XII Jrom 1506 to
1513, Leonardo also undertooh scientific studies of botany, geology,
andlydraulic power.

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

ryeglass lenses, and inquiries into "flying machines. Whether theoretical,
artistic, or practical. Leonardo's explorations were experiments in vision.
He believed tha.t the kq to understanding the world 'vas saper vedere, "fo

know how to see."
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15r3

Sept.25,
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1513

r514
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Dec. 31,
t514
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t5l7

Sepr.23,
r  5 1 8
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t H t  t I H E f I t t  B o O K  O t  3 C t t X C l

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

Exploring Florida, Ponce de Leon of Spain is the frrst European ro reach
the portion of North America that is now the United States. rrril

Traveling through Panama, Spanish explorer Vasco Nuflez de
Balboa becomes the first European ro see the pacific Ocean from
the Americas. rrril

Orange and lemon trees are introduced to Florida by Spanish ex,
plorer Ponce de Leon. rrol

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

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

French physician Pierre Brissot opposes the current method of
bloodletting, in which physicians drain blood from the veins far-
thest from the pathogenic lesion. Brissor claims that blood wirh-
drawal from a surgically opened vein should be near the lesion to
be e f fec t i ve .  For  th is  heresy  he  is  ban ished by  rhe  French
Parliament. rtD

In Brussels, Flemish anatomist Andreas Vesalius (d. 1564) is born.
He will create the frrst accurate illustrated book on the structure of
the human body, marking the beginnings of the modern study of
anatomy. He wil l 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 sysrem. ruD

Spanish explorer Francisco Ferndndez de Cordoba becomes the
first European to discover the Yucat6n Peninsula and frnd the re-
mains of Mayan civilization. lrrnr

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. nrD

England's Royal College of Physicians is founded. ilD

Chocolate, peanuts, sweet potatoes, and vanilla, among other foods,
are found in use in Mayan communities. lro
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The Great Temple at Tenochtitlan,
Museum of Natural History)

r5t9

Sept. 20,
1 5 1 9

1520

Apn27,
r 5 2 r

Sept. 1522

t 5 2 4

r524

t 5 r 9

Hernando Cort6s sai ls from Cuba to Mexico, where he encoun-

te r s  Az tec  c i v i l i za t i on ,  w i t h  i t s  cap i t a l  a t  Tenoch t i t l dn ,  t he

present-day site of Mexico City. In time the Spanish destroy the

Aztec civilization. lrril

Ferdinand Ma$ellan, a Portu$uese 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. llnfll

The rifle is developed by German gunmaker August Kotter. rlcx

Fighting with natives in an area that will come to be known as the

Philippines, Magellan dies. r^rnl

A ship from Ferdinand Magellan's fleet returns to Spain, the first to

circumnavigate the globe. Magellan himself and four of his f ive

ships failed to complete the trip. The lone surviving ship is led by
l^ITTIJuan SebastiSn de Elcano.

Commissioned by France to search for a northwest passage, Italian

navigator Giovanni da Verrazano becomes the first European to en-

ter New York harbor. l lllr

The Hospi ta l  o f  rhe Immaculate  Concept ion in  Mexico Ci ty  is

bui l t  by Hernando Cort6s. I t  is the f irst hospital on the.American

continent. trD

reconstructed by l$nacio Marquina. (American
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1525
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1529

1530

1530

I H E  T I T E f T I I E  B O O K  O F  g C T I I I C E

christoff Rudolf inrroduces the square root symbol (v-) and makes
use of decimal fractions in Die Cass. n ilr

In Rome the first Latin rranscription of the works of Hippocrates
(see 460 s.c.) is published. rrD

swiss-born chemist and physician Fhilippus Aureolus Theophrasrus
Bornbast von Hohenhefm (Paracelsus) publicly burns Galen's and
Avicenna's works, whose theories of humors he rejects, craiming
that the purpose of alchemy is to make medicines that will cure
and treat disease. Alrhough he is ridiculed for his belief in astrology
and an elixir of life, Paracelsus stresses the importance of minerals,
especially zinc, in treating disease.

Sweet rather than bi t ter  oranges are introduced
Europe by the Portuguese. Bitter oranges had been
centuries.

Italian physician and poet Girolamo Fracastoro
morbus Gallicus, giving this sexually transmitted
name and recognizing its venereal cause.

NTD

f rom Asia  to
available for

tto

writes Syphilis sive
disease its modern

1530

1 531

1 5 3 2

1535

c . 1 5 3 6

1540

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

Tobacco is  commerc ia l l y  g rown
colonies.

Spanish explorer Gonzalo Jimenez de
European to learn about the potato,
Colombia. It wil l become a sraple of
World cooking.

Quesada becomes the first
f rom Nat ive Amer icans in
Old World as well  as New

llctl

the local t ime
in determining

ITCII

i n  t h e  S p a n i s h  W e s t  I n d i a n
tto

f n l

ttD

Bil ls of mortal i ty, showing that the populat ion can be estimated
from birth and death rates, are introduced in England. They are the
first attempt at vital statistics. ntD

Ital ian mathematician Niccolo Tartagl ia works out a method for
solving cubic equations. The solurion is later published by mathe-
matician Geronimo Cardano. See 1545. Cardano.

Sarsaparilla is promoted as an antisyphiliric drug.

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

In his Narratio prima de libris revolutionum, German mathematician
Georg Joachim Iserin von Lauchen (Rhdticus or Rheticus) offers a
summary of the hel iocentr ic system developed but not yet pub-

1540

lished by Copernicus.
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1540 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. clln

Francisco Pizato reaches Peru and, within two years, destroys a
second New World civilization, that of the Incas of Peru. See 1519,
cort6s. rer?H

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

During an expedition in l54O-1542, Fernando Vdsquez de Coronado
becomes the first European to see the Grand Canyon. rrml

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

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

Ital ian physic ian Pietro Andrea Matt io l i  uses mercury to t reat
syphilis, but this popular cure is painful and often kills the patient.
Mattioli also advocates oil of scorpions to treat the plague. tlD

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

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.

In Leipzig, Germany, a botanical garden is established.

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, Iocales, and characteristics.

1545 Shortly before the death this year of Polish astronomer Nicolaus
Copernicus (b. 1473), his De rarclutionibus 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 anomal ies.  The publ icat ion of  th is work
marks the beginning of what is now known as the Copernican revo-

I tilll

tro

lution in astronomv.
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1544

1545
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1546

1546
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1547

1 550

c .  1550

t l t E  t t m E t r x E  B o o K  o ;  S c I t l t c t

Flemish anatomist Andreas Vesalius publishes De
fabrica (On the Structure of the Human Body), the
man anatomv text.

corporis humani
first accurate hu-

nrD

s9lnac noiltlng stolndt ln ]hc w'ci,l ol thc mc,veblllly sJ ]ho
cerfih, I bellevc wc mut? norr lnvofilgelc wltcfltcrt ll alto hes

nvqol mcftlonq sc Ihd ll aqt b aclmldclrcd qte cJ Jhc planretr,.D
-Nlacileut Gcrpcrrnlcu4 Pollch esfioncrmc+ cn hb lhoorty thoil
the eetllt lt cine oJ cev;rrcll plclnarlt mcvlng eiound iltc tun;

fn Dc revclullcnlbur crblurn coelcttlufr, I S1A

Italian physician and botanist Pietro Andrea Matrioli publishes an
Ital ian version oi the classic botany text De mqteria medica by
Dioscorides, a Greek physician and herbalist. See 60. ro

Italian mathematician Geronimo Cardano publishes his drs magna,
a landmark book on algebra often considered to mark the begin-
ning of modern mathematics. I t  includes Tartagl ia's method for
solving cubic equations (see 1535) and Ludovico Ferrari's merhod
for solving quartic equations. It also includes methods for working
with negative numbers. n il

French surgeon Ambroise Par6 devises art i f ic ial l imbs for war-
injured soldiers. These "hands" include individually moving frngers
and a holder for a quill pen. nrD

Astronomer Tycho Brahe (d. 1601) is born at Sk@ane, Denmark,
now part of Sweden. Tlcho 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.

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

ln De natura fossil ium, German metallurgist Georgius Agricola
(Georg Bauer) coins the word/ossll for anything dug from the earth,
including rocks in the shape of bones and shells.

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

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

In Yucatdn, 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. ruD
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T H E  t r m t f l l l E  B o o K  o !  t c l l l l c E I t t o

c. 1550- This period in Europe will become known as the scientific revolu-
17OO tion. During this time scientists such as Copernicus, Galileo, Harvey,

Pascal, and Newton and philosophers such as Francis Bacon trans-
form the modern wor ld 's approach to understanding nature.
Traditional deference to classical authorit ies on nature, such as
Aristotle, is replaced by reliance on the empirical methods of sci-

l  551

ence. nrc

G e r m a n  a s t r o n o m e r  E r a s m u s  R e i n h o l d  p u b l i s h e s  T a b u l a e
prutenicae, astronomical tables based on Copernicus's heliocentric
theory that improve on the thirteenth-century Alphonsine tables.
See 1272. l l i l to

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

1 551 German mathemat ic ian  Georg  Joach im Iser in  von Lauchen
(RhAticus or Rheticus) produces detailed trigonometric tables. tanl

Italian physician Bartolommeo Maggi proves that gunshoc wounds
are not poisonous. nlD

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

1 551

takes place. nlD

1552 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. tftNl

1554

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

Italian naturalist Ulisse Aldrovandi publishes his systematic study of
plant classifrcation, Herbarium. rto

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

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

Tobacco is introduced to continental Europe by Franciscan monk
Andre Thevet, who brings seeds of the plant to Spain from a trip to
Rio de Janeiro.
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1565
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T H E  T I T E I . T l I E  B O O K  O F  S C I E I I C E

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

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

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

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

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

Italian physicist Giambattista della Porta founds rhe first scientific
a s s o c i a t i o n  d e s i g n e d  f o r  t h e  e x c h a n g e  o f  i n f o r m a t i o n ,  t h e
Academia Secretorum Naturae, or Academy of the Mysteries of
Nature. rlrc

Gafileo 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-
l iocentr ic theory (that the earth and planets revolve around the
sun). ntrc

Swiss scientist Konrad von Gesner's De rerum fossilium (On Things
Disinterredfrom the Earth) contains the first illustrations of fossils. elo

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

Muskets are in use in Europe.

The lead penci l  (or lead)
from a book about fossils
Gesner.

Bologna's botanical garden

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. lalnr

Ambroise Pard recognizes the difference between syphilis (called
the greater pox) and smallpox (the lesser pox). rlD

Geographer Abraham Ortelius of Antwerp publishes his Theatrum
orbis terrarum, which contains seventy maps and is the first com-
prehensive atlas of the world. r^rfll

is seen for the f irst t ime in a woodcut
by Swiss-German naturalist Conrad von

tlcrr

is founded.
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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. T)tcho calls it a noya in his De nova stella (On the
Nqt 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 rhe celestial sphere. r.rro

-frclcnao vllhc,v] acrlllalcncc b ]hc doerr, c, ilte toul.o
-Frlglngo|r },ebc,lel4 Fr.cnah rcholle+ teil;|tl,

cind ntcnkt r/ir;lr,cnlh ccnlvty

t 5 7 2

1 5 7 2

1 5 7 2

c. 1574

r574

1575

r575

1576

1 5 7 7

P i g e o n s  a r e  u s e d  t o  t r a n s p o r t  m e s s a g e s  i n  H a a r l e m ,  t h e
Netherlands. lo

In Rafael Bombelli's Algebra, complex numbers are applied to solve
equations for the nrst time. Bombelli also uses continued fractions
to approximate roots. r nr

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 hel iocentr ic theory on metaphysical
grounds. ^'no

Tycho, under the patronage of Danish king Frederick II, 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. rrno

spanish physician Juan Huarre recommends rhat abil iry resrs be
given and vocational counseling be used to match peopre with their
occupations. He also claims that intelligence and higher culture are
possible only in moderate climatic zones. ryctl

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

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

using parallax theory, Tycho proves rhat 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.
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1584
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During an expedition in 1577-1580, English mariner Francis Drake
circumnavigates the globe for the first time since the voya$e 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. rrrflr

French physic ian Gui l laume de Bai l lou is the f i rst  to descr ibe
whooping cough and coins the term rheumatism for soreness, stiff'
ness, and inflammation of the joints and muscles. nrD

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

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. nrD

Italian scientist Prospero Alpini discovers that plants have two

Sexes. llo

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

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 len$th, not by the
width of its swing. This observation leads to the manufacture of ac-

curate pendulum clocks by the late seventeenth century. tllY3

Following the advice of Bavarian astronomer Cristoph Clavius,

Pope Gregory XIII 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 s.c. ,  resul ts in ten days being
dropped. Thus, the day af ter  october 4 is proclaimed to be

October 15. rtrlo

Inlian bomnist Andrea Cesalpino proposes a plant classification

system in hiS treatise De plantis. He classihes plants according to

their roots and fruit organs, putting lichens and mushrooms at the

bottom of the plant hierarchY. lo

Dutch mathematician Simon Stevinus founds the science of hydro'

statics with discoveries about factors determinin$ the pressure of

liquids on surfaces. trlYt

Sir Walter Ralei$h brings the plant extract curare to England from

South America. ntD

Potatoes imported from the Americas are planted in Ireland by

explorer Sir Francis Drake. ro

54



1 586

r 586

I  588

c .  1589

1 590s

1590
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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.

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.

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

william Lee of cambridge, England, invents the stocking frame, the
first knitting machine. It slowly gains popularity during rhe seven-
teenth centurv.

1 590

r 590

Galileo privately accepts the copernican heliocentric explanation of
the solar system. rrtlo

Galileo publishes his De moru (On Motion), showing how his experi-
ments with falling bodies refute Aristotle's physics. rtrvs

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

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

French mathemarician Frangois Viete introduces algebraic sign lan-
guage using consonants for known quantities and vowels for un-

1 591

t592

known ones,

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 1 Tig,but this discov-
ery marks the beginning of the science of archaeology.

Galileo invents the thermoscope, a primitive thermometer.

llql

TICNIc . 1 5 9 2

1593 A shortage of lumber and firewood in England encourages the ex-
pansion of coal mining. ilGtr

1594 Gerardus Mercator dies (b. 1512). His son publishes Mercator's great
work, Atlas sive cosmographicae, posthumously. rlrflr

| 595 The word trigonometry appears in print for what may be the first time,
in a work by German mathematician Bartholomaeus Pitiscus. r nr

1596 Dutch astronomer David Fabricius reports for the first time on the
irregular variation of the star Omicron Ceti, or Mira. See also 163g,
Holwarda. rrtlo
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English botanist John Gerard's (d. l612) Herbal, the greatest survey
of botanical knowledge to date, is published. ro

Dutch mathematician ludolph van Ceulen calculates pi to twenty
decimal places, later extending it to thirty-five places. nnll

SIMIAN SfIAKESPEARE

bout the year 1601, English playwright William Shakespeare

wrote the tragedy Hamlet, a masterpiece that sparked cenntries

oJ theatrical and titerary interpretation. As an exemplar of the

unique, unrepeatable nature of great art, the play also sparhed a question

that has becomb part of popular scientific lore: How long would it tahe for a

monhEt sitting at q Wewriter to write Hamlet by randomly pounding on

the heyboard?
This question has been raised in many contexts, sometimes by nihilists

seehing to suggest the mearlinglessness of human worhs, at other times by

creationists arguing that random a)ents could not have led to the evolution

oJ inteltigence. (The latter application is, howarcr, misleading, since the nat-

ural selection of useful characteristics is, by defnition, not random but se'

lective.) Whatam its significance, the question itself is easily answered, not

by setting a monkey in front oJ a typewriter and waiting, but with tech'

niques drawnJrom probability theory. This area oJ mathematrcs was Jound'
ed ry French mathematicians Blaise Pascal and Pierre de Fermat around

1654, not long aJter Hamlet was written.

Assume that the number oJ symbols or characters in Hamlet-includ-

ing att 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

typovriter hqboard, not counting the shift k4t and such subtleties as tabs

and returns (the monhey's editor will take care of those). Thus each time the

monhey hits a hey,he hag a one in 46 (/*) chance of hitting the right one' as

for exampte the initiat 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 contplete word "to" are, then,'/*x'/ed, or ('/*f '
t/2,,o Similarly, the odds o! his typing all 18 characters in "to be or not to be"

in the correct sequence are ('/oo)18, equivalent tot/a multiplied by itself 18

times. The odds oJ the monkelt's Wing att 200,000 characters thereJore are

('A,)t*'*. This probabitity is so small as to be virtually zero, or, to put it an'

other way, the time it would take is virtually infinitg' The only hnwn way

for monh4ts to write Hamlet is Jor them to evolve to be as intelligent as

Sha4cspeare.
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1596

1596

r596

1597

1597

1597

t599

r 396

Philosopher, mathematician, and scientist Ren6 Descartes is born
in I-a Haye, France (d. 1650). Considered the founder of modern
philosophy and analyric geometry, he will originate carresian coor-
dinates and cartesian curves. His contributions to science will in-
clude work in physiology, oprics, and psychology. f,tlc

Korean admiral Visunsin builds the frrst ironclad warship. rrcrl

The water closet, meant to replace the chamber pot and privy, is
developed by English poer SirJohn Haringron. ilcrl

After twenty years of research, Tlcho is forced to leave his observa-
tory at Ven when the new king of Denmark, christian IV, cuts off
his support. He then goes to Prague as court astronomer for Hory
Roman Emperor Rudolph II.

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. qiln

Italian physician Gaspare hgliacozzi publishes his studies on rhe re-
construction of the nose. He thus becomes established as the first
modern plastic surgeon.

Italian aristocrat carlo Ruini illustrates a work called Dell' anatomia
et deII' infirmita del cavallo, the first comprehensive monograph on
an animal's anatomy, in this case the horse. lro

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

Young mathemarician Johannes Kepler becomes Tlzcho's
at Prague.

The Italian philosopher Giordano Bruno (b. ls4g), is burned ar rhe
stake in Rome for heresy, including his support for copernican the-

Johann Tholde, wriring as Basil Valentine, is the probable discoverer
of the elements antimony and bismuth. crrn

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

william Gilbert is named president of rhe college of physicians and
personal physician to English queen Elizabeth I. she, and he, die

assistant
rtno

Feb.
r 600

c .  1600

Qct .24,
1 601

ory.

three years later.

Danish astronomer Tycho Brahe
Prague, Czechoslovakia. Johannes
tronomer to Emperor Rudolph II.

nlD

(b. 1546) dies at Benatky, near
Kepler succeeds him as court as-

rrno
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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. t ttl

Fifty-three stations with overni$ht 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.

Coffee, introduced to England by traveler Anthony Shirley, is sold
for five pounds per ounce. ilqr

Pepper is imported in large quantities to England by the East India
Company, a trading concern. llcrr

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. ^tllo

Hugh Platt discovers coke, the residue left after distillation of coal,
which later becomes an important fuel. ilql

Korean and Chinese asronomers, independently from Johannes
Kep le r  a t  P rague ,  obse rve  a  Supe rnova  i n  t he  cons te l l a t i on

Ophiuchus that lasts twelve months. Kepler's observations are pub'

lished as De stella nova (On the Nov Sfar) in 1 606. rtlro

Galileo observes that a falling body increases its distance as the

square of time. ttlYt

E n g l i s h  e s s a y i s t  F r a n c i s  B a c o n  p u b l i s h e s  h i s  t r e a t i s e  T h e

Advancement oJ Learning, which promotes experimentation and ob-

servation as the basis for knowledge. nrc

Spanish navi$ator Luis Vaez de Torres sails completely around New

Guinea, showing it to be an island. ;rrrn
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THE MOONS OFIUPTTm

n 1609 ltalian scientist GaIiIeo Galilei received word that a Dutchman,
Hans Lippershey, had invented a daice "by the aid oJ which visible ob-
jects, although at 0. great distance from the eye oJ the observer, were

seen distinctly 0.s i,f near." Wasting no time, Galileo learned how to build his
own telescope and constructed sarcral models. In 1610 he discwered a star-
tling fact about the planet Jupiter. In The Sidereal Messenger, published
later that year, he reported hisfind.

On the 7th day of January in the present year, 1610, in the fi.rst
hour of the following night, when I was viaving the constellations of
the heavens through a telescope, the planet Jupiter presented itself to
my viau, and as I had prepared for mysef 0. yeryl excellent instru-
ment, I noticed a circumstance which I had never been able to notice
beJore, owing to want oJ power in my other telescope, namely, that
three little stars, small but very bright, were near the planet.. ..

I scarcely troubled at all about the distance between them andJupiter,
Jor, as I have said, atfirst I believed them to befixed stars: but when on
January 8th, ledby somefataliy, I ntrned again to look at the same part
of the heavms, I found a very) differatt state oJ things, for there were
three little stars all west of Jupiter [where praiously two had bem east
and one westl, and nearer together than on the previous night. . ..

[After more days oJ observation:]
I, therefore, concluded, and decided unhesitatingly, that there are

three sfcrs 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 obserya-
tions also established that there are not only three, but four, errq.tic
sidereal b odie s performing their rqolutions round Jupiter....

[Galileo concludes:]

[W]e have a notable and splendid argument to remove the scruples
of those who can tolerate the rqtoluti.on of the planets round the sun
in the Copernican system, yet are so disrurbed by the motion oJ one
Moon about the Earth, while both accornplish an orbit of a year's
length about the sun, that they consider that this theory of the uni-
verse must be upset as irnpossible; for now ve have not one planet
only revolving about another, while both traverse a vast orbit about
the sun, but our senEe oJ sight presents to us Jour satellites circling
about Jupiter, like our Moon about the Earth, while the whole system
travels wer a mighty orbit about the sun in the space oJ twelve years.
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maker Hans Lippershey invents the first telescope
notice. Military telescopes had been used secretly
about twenty years. rrno

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

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 ell ipse) and second law (that these orbits
sweep out equal areas in space in equal periods of time). rfilo

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

Italian anatomist Giulio Casserio frnishes 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-

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 Saurn has an odd appearance, later found to be
r ings.  He publ ishes his discover ies in a work cal led Sidereal

tive plates.

Independently from Zacharias Janssen
Hans Lippershey invents the compound
wirh lenses attached to both ends.

Elo

(see 1590) Dutch scientist
microscope, a central tube

tlGll

rttro

l|o

the frrst
(Niln

for protec-
nlD

the first to
Itrro

Messenger

Galileo uses the microscope to study insect anatomy.

Jean Beguin of France publishes his TJtrocinium
textbook on chemistry rather than alchemy.

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.

Gal i leo,  Thomas Harr io t ,  Johannes Fabr ic ius ,  and German as-

t r onomer  Fa the r  Ch r i s toph  Sche ine r  i ndependen t l y  d i scove r

sunspots. rllro

English physician John Woodall recommends citrus fruit
tion against scurvy on long sea voyages.

German astronomer Simon Marius (Simon Mayr) is
study the Andromeda galaxy.
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Tobacco label, "The Best Tobacco under the Sun," seventeenth century. (Arents
Collection, New York Public tibrary)

1612 Through advice from Native Americans, American colonists learn to
grow and cure [obacco 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. lto

1613 ln The Sunspot Letters Galileo supports the Copernican theory of he-
liocentrism in print for the first time. ^rrlo
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Mathematician Pietro Cataldi develops rechniques for handling con-
tinued fractions. rlnr

Italian chemist Angelo sala discovers rhar lighr darkens rhe white
compound silver nitrate, a phenomenon relevant to the invention of
photography two centuries later. CHTN

Scottish mathematician John Napier publishes a table of logarithms
based on powers of 2. nafll

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

Galileo travels to Rome ro defend rhe Copernican theory.

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 l*akes. r rrl

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

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

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 reyolutionibus
(1543) is placed on the church's Index of Prohibited Books, where ir
will remain until the nineteenth century. A.tro

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. l^rfll

English physician William Harvey lectures to the Royal College of
Physicians about the circulation of the blood. f,lD

English mathematician Henry Briggs's Logarithmorum chilias prima
(Logarithms oJ Numbers from 1 to I0) introduces logarithms based
on powers of 10, or common logarithms. n fll

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

French clergyman St. Vincent de Paul (1581 -1660) organizes the
Dames de Charit€, 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.

In London, King James I grants a charter to a newly formed society
of pharmacists, allowing pharmacists to emerge as a distinct group

of craftsmen separate from grocers.

1617
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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. rfiro

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

From Ingulstadt, Germany, comes the first report of telescopic ob'
servations of a comet. rllro

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. ltlnl

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

ofhc humcln sndcnlcndlng b cI llt own nefrttc ptonc Jc
ebilteollcnc end glvot e gabclenac snd rcallly Ic fihlngt whlah
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conllgute]lont end ahengct cl acinllgvtaflcn, cnd rtmplc
aafiern, end lsw ol aallon ot mcflon; lot Jotmt atc llgmen|,r cJ

lhc humen mlnd, unlcss you vlll cell ]hosc lews ol eaflon
lcrtms.E-Ftsna|r Bsaon, Engllth phllotophot;

fn Jlcvurn crgrrnum, l620

t6 t9

1619

1619

1620

1620

c .  l 6?Q

1621

c. 1621

l 6 2 l

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

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

English mathematician William Oughtred invents the slide rule. n il

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. nrvt

Italian anatomist Gasparo Aselli discovers the lacteal vessels, an im-
portant intestinal lymph vessel. nlD

1 6 2 2
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E'PERIMENT WITH A CIIICKEN

nglish philosopher, essayist, and statesman Francis Bacon
(1561-1626) was not an expert in any one science but dnbbled in
many, doing things lihe stqffing a chickm with snow to test the idea

that cold can preserue meatfrom decay. Much more valuable than such experi-
ments was his datelopment oJ a philosophy of knoutledge that is one of the
principal sources oJ the scientific method, andthereJore oJmodern science.

In his worhs The Advancement of Learning (1605) and Novum organum
(1620), Bacon laid out his belief that the Aristotelian method. of deducing tnth

Irom a prtort assumptions waE not a validway of uncwering truths about na-
ture. He proposedinsteadwhat he called the inductive method: mahing numer-
ous obserttations and experiments in order to build to general conclusions.
Bacon perhaps arqrstated the case, since modent science uses both deduction
(to trame theories, ttypotheses, and predictions) and induction (to test predic-
ttons agairat the realworld andprwide aidenceJor theJraming or reJraming
oJ theories). But he did prwide philosophical underpinnings for science that
served to increase the pace andrtgor oJ scientific discovay.

As for Bacon's chichen and snow experiment, the outcome was na)er
recorded. Bacon caught a sqtere chill while collecting the snow and died a

fau days later, a martyn if an unglamorous one, to his own method.

t 6 2 3

1623

t623

t624

Sept. 10,
1624

t624

t H r  f t m t l t l r l  l o o f ,  o t  t c r t l t c l

Botanist Gaspard Bauhin of switzerland classifies some six thou-
sand plants and introduces the practice of using two names-one
for the genus, anorher for the species-to classify living things. to

French mathematician, scientist, and religious philosopher Blaise
Pascal is born (d. 1662). He will become the founder of probabiliry
theory, discover many properties of the cycloid, and lay the ground-
work for the hydraulic press. rrlc

Flemish physician Jan Baptista van Helmont studies the metabolism
of the willow tree. ro

Physician Thomas Sydenham is born in Wynford Eagle, England
(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. rtD

Jan Baptista van Helmont coins the word g4s (from rhe 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). rry!
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1624

1625

French philosopher Pierre Gassendi contributes to sensory psychol-
ogy by being the first to measure sound velocity. t3yctl

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. f,lD

Sir Francis Bacon experiments witl refrigerating food by placing
snow in the cavities of chickens, ilol

Johannes Kepler publishes his Rudolphine Tables, planetary tables
based on his theory of elliptical orbits. rrrlo

The auroch, or uru, the long-horned wild ox believed to be the an-
cestor of domestic cattle (see 640O B.c.), becomes extinct when the
last specimen dies in Poland. rro

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. nrc

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

r626
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r627

r628

1628

c. 1629 French mathematician Pierre de Fermat discovers a method of find-
ing maximum and minimum values for functions which represents
the genesis of differential calculus.

1630 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. lllrtl

1630 Englishman Peter Chamberlen devises the first obstetrical forceps. rrD

1630 Italian natural philosopher Niccolo 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 rhe curves assumed by iron
filings on a sheet of paper above a magnet. nryt

Following Kepler's predictions, Pierre Gassendi observes the transit
of Mercury across the sun. rrrlo

Mathematician Thomas Harriot's posthumously published work,
Artis analyticae precis, introduces a raised centered dot for multipli-
cation and the symbols > and < for "greater than" and "less
than." nril

English mathematician William Oughtred introduces the x sign for
multiplication. nril
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Galileo's Dialogue on the TWo Great World Systems is published in
Italian, not Iatin, to reach a genet'al audience. Using the conceit of
a hypothetical debate among three philosophers, it makes a solid
case for the Copernican theory.  The Roman Cathol ic church
promptly places a ban on it that will not be lifted until 1822. ^rrro

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. uo

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. nrrc

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. rrrro

Eng l ish  phys ic ian  Stephen Bradwel l  wr i tes  He lps  in  Sudden
Accidents, the first book on firsr aid. rrD

English astronomer Henry Gell ibrand presents evidence that the
earth's magnetic poles shift position over time. rrril

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

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

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

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

In an appendix to his Discourse on Method, French mathematician
Rene Descartes introduces analytic geometry, a branch bf 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.
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1 6 3 7 French mathematician Pierre de Fermat formulates, but does not
prove, Fermat's Last Theorem, so called because for centuries it re-
mains the last proposition of Fermat's to go unproven. It states that
the expression rn * I' = zn has no positive integral solutions if n is
an integer greater than 2. In 1995 British mathematician Andrew
Wiles will finally prove it. t rrl

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

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
ln sclence. n||c

Dutch astronomer Phoclides Holwarda identif ies the first known
variable star, Omicron Ceti, or Mira, init ially observed by David
Fabricius in 1596. rltro

Galileo publishes Mathematical Discourses and Demonstrations on
TWo Nsw Sciences in which he discusses the laws of motion and fric-
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1638

1638

c. 1639

1639

c. 1659

tion, refuting Aristotle on several points.

1640

1 641

| 641

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

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

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. nrD

French mathematician Pierre de Fermat develops modern number
theory. n^il

Italian matron Jeanne Biscot develops the abilities of the patients
she cares for during the Thirty Years' War (1618-1 648). Her hospi-
tals become workshops where patients enrich their personal skills,
marking the beginning of occupational therapy. rlD

ln De motu gravium, Evangelista Torricell i  of ltaly applies Gali leo's
laws of motion to fluids, thus founding the science of hydro-
dynamics. Drrvl

Stagecoaches to transport people are introduced in England. rrcrl

The f i rst  l iv ing chimpanzee is brought out of  the wi ld to the
Netherlands. lro

Using his father's theories, Gali leo's son designs a clock with a
pendulum. rrdl
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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. rrrill

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

On Christmas of the same year that Italian scientist Galileo Galilei
dies (b. 7564), 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, $ravitation, 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. ruG

Ialian mathematician Evangelista Torricelli invents the barometer. trcrl

Dutch explorer Abel Tasman becomes the frrst European to discover
the continent of Australia. rrrnt

Evangelista Torricelli publishes discoveries about the cycloid, includ-
ing methods of finding its area and constructing the tangent. Earlier
and independent ly,  French mathematic ian Gi l les Personne de
Roberval made similar discoveries but did not publish them, tltll

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

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

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 hrst measurement of the densiry of
air. trfvr

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

In ltaly, physician Georg Wirsung discovers the pancreatic duct,
which passes pancreatic juice through into the small bowel, where
the juice assists with food breakdown. trD

Flemish physician Jan Baptista van Helmont claims tfat baby mice
are produced either by spontaneous generation or through the ioin-
ing of adult male and female mice. llo

Using barometers, French scientist Blaise Pascal demonstrates that
air pressure decreases with altitude and shows that air has a finite
height. rrril
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1648 Pascal foimulates 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. anrr

nilen b clllly e t..dt ]hc wcckctl Jhing ln nelutci bul ho

b o ]hlnklng 1c,6t.E-Nlelto Parcel' Ftonch lnalhcmallclan'
rclonflrf, clnd phlloltorphoti tov.orli.onlh ac,nlvty

The llaj Mahal, a massive marble and sandstone mausoleum, is
built in Agra, India, by Mughal leader Shdh Jahdn. il61

Iron production flourishes in the Massachusetts colony, developed
by John Winthrop Jr., son of the colony's first governor. trctl

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 actualvalue (400 times), it is still more accurate than
Aristarchus's old value of 20 times. See 200s s.c.

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

Anglican bishop James Ussher calculates from biblical genealogies
that the creation of the world took place in 4004 8,c., a finding that

c .  1650

1 650

1 651

t65r

will later be contradicted by geology.

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.

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.

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 e$gl).

The practice of whaling is popularized in Massachusetts by New
Bedford developer Joseph Russell. ro

English physician Nathaniel Highmore discovers the maxil lary
stnus. ruD
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English philosopher Thomas Hobbes publishes his Laiathcn, 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.

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

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. rrfi3

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

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

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

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

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

Christiaan Huygens invents an accurate pendulum clock, ushering in
a new era of precision in timekeeping. See also 1675, Huygens. rtctl

English physicist Robert Hooke demonstrates
equal rates in a vacuum.

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

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 cvcloids and other curves,

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

bodies fall at
tilYa
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Dutch naturalist Jan Swammerdam announces the discovery of the
oxygen-carrying element of the blood, red blood corpuscles (red

blood cells or erythrocytes). mD

Moravian educator Jan Amos Komenskli (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. tiYcrl

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

Dutch biologist Anton van Leeuwenhoek develops the sin$le-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 insEnce,
he will discover the one-celled animals called protozoa as well as
sperm cells. See also 1652, van Leeuwenhoek. ruD

Italian physician Marcello Malpi$hi discovers capillary circulation,
an important missing link in William Harvey's 1628 discovery (q.v.)

rtDof blood circulation

Otto von Guericke design3 a rotating sulfur globe that can be electri-
fied by rubbing, demonstrating the large-scale existence of static
electricity. PllYt

Irish chemist Robert Boyle publishes The Skeptical Chymisf, a work
distinguishing scientif ic chemistry from medieval alchemy and
defrning elements as substances that cannot be converted into any-
thing simpler, .rln

British mathematicians John Graunt and William Petty compile the
f i rst  book on stat ist ics,  including the f i rst  mortal i ty table ( for

London residents). raflr

Brirish king Charles II charters the scientific association known as
the Royal Society, nlrc

Robert Boyle discovers Boyle's law, that the volume of a mass of
gas at a consnnt 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 all other
forms of matter, are made up of atoms that can be pressed closer
together. tflYt

Girolamo Cardano's Book on Games of Chance is the first known
work on probability theory. nail

Italian astronomer Giovanni Alfonso Borelli discovers that a comet's
orbit is a parabola. rtrro

Isaac Newton discovers the general binomial theorem. n il

1659
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Italian-born French astronomer Giovanni Cassini determines the ro-
tation rates of Mars and Jupiter.

In his classic landmark book Micrographic,.English biotogist Robert
Hooke publishes the first drawings of cells and is the first ro use the
word cell to describe the living fibers he sees under a compound
mlcroscope.

Blaise Pascal's TTeatise on Figurative
mously this year, widely disseminates
induction.

tro

Numbers, published posrhu-
the process of mathematical

n i l

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 imporrant insights into graviration and the compo-
sition of light. see 1666. Publicarion of his discoveries will await rhe
Principia (1687) and later works of 1704 and 1736.

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

In a  posthumous publ icat ion,  I ta l ian phys ic is t  Francesco Mar ia
Grimaldi reveals his discovery of the diffracrion of light, the bend-
ing of light waves as they pass through an aperture or around abar-
rier. See also 1801, Young.

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

Icalian-French astronomer Giovanni Cassini discovers the polar ice
caps of Mars. Irrro

English physician Thomas Sydenham uses Jesuits' bark, containing
quinine, to treat malaria. nrD

While working in his garden at Woolsthorpe, England, Isaac Newton
observes an apple  fa l l ing f rom a t ree and begins the t ra in  o f
thought that will lead to his rheory of universal gravitation, as ex-
pounded two decades later in the Principia, (1687\.

Experimenting with a prism, Newron discovers that color is a prop-
erty of l ight and that white l ighr is composed of a spectrum of col-
ors.

English naturalist John Ray classifies plants by the number of rheir
seed leaves, establishing the categories of monocots and dicots. tro

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

1 6 6 7

English physician and microscopist Robert Hooke demonstrates
the function of the lungs by exhibit ing the process of artif icial
respiration. ttD

French physician Jean-Baptiste Denis carries out the first modern
blood transfusion by infusing twelve ounces of lamb's blood into
a  f i f teen-year -o ld  boy .  The boy 's  hea l th  improves  a f te r  the

1667

June 1 5,
t667

procedure.

Isaac Newton invents the reflecting telescope.

rtD

ltrlo
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Italian 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. lo

James Gregory discovers what is later called Gregory's series, the
series for arctan r. nail

German mathematician Nicolaus Mercator publishes the logarith-
mic approximation formula now known as Mercator's series. rlrrl

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. rlryt

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 t racheal  system distr ibut ing air  through i ts body
through holes in its sides. lro

German chemist Hennig Brand discovers the element phosphorus. orr

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

Engl ish physic ian
sickrooms, activity
scr ipt ions.

Thomas Sydenham advocates f resh a i r
for tuberculosis sufferers, and simplified

Danish geologist Nicolaus Steno proposes that fossi ls are the pet-
r i f ied remains o f  anc ient  creatures,  a  v iew that  is  eventua l ly
accepted. rrrro

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. pttYs

Using a pendulum, French astronomer Jean Richer concludes that

the diameter of the earth is $reater around the equator than from

pole to pole. tarrl

English mathematician Isaac Barrow develops a method of tangents

for
pre-
tlD

quite similar to that used in the differential calculus.

Clocks are built with minute hands for the ftrst time.

A decimal-based system for measurement

cleric Gabriel Mouton.

n f l l

Itctl

developed by French
tlcrl
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The Paris Observatory, begun in 1667, is completed, under director
Giovanni Cassini, an ltalian-French astronomer. ltrro

Cassini discovers lapetus, a satellite of Saturn. He will later discover
other satell i tes of Saturn: Rhea (1672\ and Tethys and Dione
(1684). ltrllo

Rice is cultivated in the colony of South Carolina. llo

lsaac Newton writes a second account of the calculus; titled Method
of Fluxions. In it he also proposes ei$ht 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 wil l not be published unti l 1736. t t l l

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

French scientist N. Cassegrain invents the Cassegrain type of re-
flecting telescope. lt?lo

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. trrlo

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

I n  1 6 7 3 - 1 6 7 6 ,  w o r k i n g  i n d e p e n d e n t l y  f r o m  I s a a c  N e w t o n ,
German mathematician Gottfried Wilhelm Leibniz begins to devel-
op the calculus. t llr

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. ttrYt

British chemist John Mayow identifies the action of oxygen in burn-
ing, or oxidizing, metals and in respiration. Oxygen itself will not
be isolated unti lJoseph Priestley's work in 1774. clrt

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 rhe study of the hydrologic cycle. rrlnl

The tourniquet is invented to arrest hemorrhage. nlD

t 6 7 l

1 6 7 2

t 6 7 3

75



1 6 7 4

1674

1675

r675

1675

1 6 7 6

1 6 7 6

c . 1 6 7 7

1 6 7 7

1678

1678

T l rE  t rm t l r l r t  t ooK  o t  t c tE i l cE

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

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

Giovanni Cassini discovers the Cassini division, a gap in Saturn's
rings, rfiro

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

Isaac Newton writes a third account of the calculus, De quadratura
curarum, 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.

nrJ I hsvo tccn fiufihol7 ll b by rfrclndlng on
]hc chc,oldatrr cJ glenlr..E-1b lrlclo,c Ncw,lon,
Engllth lrl,clfr.llr,oflalen ernd phyrtclili | 676

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 propoftional to the strain that results in its
change in dimension or stretch. rrrv3

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

Van Leeuwenhoek describes spermatozoa. rlo

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. ^rrro

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

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

1678
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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 reproductiort
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. llo

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. tllvt

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

Swiss mathematicians Jakob (Jacques) and Johann (Jean) Bernoulli
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 f igures. The two
brothers and Gott f r ied Wi lhelm Leibniz devise and solve the
Bernoull i  equation.

The last dodo dies on the island of Mauritius
This flightless bird was exterminated by Dutch
in  1598 .

Edmund Halley observes the comet that will be
his correct prediction, in 1705, that it will return

Dutch scientist Anton van Leeuwenhoek is the
teria in the human mouth.

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

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

rtttl

in the Indian Ocean.
settlers, who arrived

rto

named for him after
in 1758. rrrro

first to discover bac-
lro

In a posthumous publ icat ion,  French astronomer Jean Picard
(1620-1682) reports a fairly accurate figure for the circumference
and diameter of the earth. These figures are the flrst real improve-
ment on those proposed by Eratosthenes in 240 s.c. r|rtt

German mathematician Gottfried Wilhelm Leibniz publishes his
first paper on the calculus with a second following in 1686. He
coins the terms dffirential calculus and (with Jacques Bernoulli) in-
tegral calculus. t rll
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English mathematician John Wallis devises methods for working
with imaginary numbers. nAil

Edmund Halley produces the first mereorological world map show-
ing the prevailing tropical winds, which are monsoons and rade
winds. rrrrrl

Sir Thomas Sydenham is first to describe chorea (dancing mania), a
severe nerve disorder caused by the streptococcus responsible for
rheumatic fever. frD

Isaac Newton theorizes that the earrh is an oblate spheroid slighrly
flattened at the poles and bulging at the equator. r rill

Newton publishes his greatest work, Philosophiae naturalis principia
mathematica (Mathematical Principles oJ Natural Philosophy), known
as the Princtpia. This work outlines the law of universal gravitation
and the three laws of morion. It also includes the first published
d o c u m e n t a t i o n  o f  N e w t o n ' s  d i s c o v e r y  o f  t h e  c a l c u l u s  ( s e e
1665-1666\ and several new theorems on conics.

In France, large sheets of glass are being made for mirrors and win-
dows, an innovation that wil l lead ro the commonplace use of
panes of glass. ?lctl

Swiss mathematician Johann Bernoulli, often considered the inven-
tor of the exponential calculus, studies exponential curves. rttr

T h e  o l d e s t  m a t h e m a t i c a l  s o c i e t y  s t i l l  i n  e x i s t e n c e ,  t h e
Mathematische Gesellschaft, is founded in Germany. r^nl

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,

1690 John Locke publishes 71vo Tteatises on Civil Gwernment, 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-
t i c e ,  n o t a b l y  i n  t h e  U . S .  D e c l a r a t i o n  o f  I n d e p e n d e n c e  a n d
Constitution.

Engl ish natural ist  John Ray publ ishes a major c lassi f icat ion of
organic life, The Wisdom oJ God Mani,fested 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. uo

1691

78



I H E  T T N E f T I I E  E O O K  O F  S G I E N C I t 6 9 l

THE PRINCIPIA

scientific worh that contributes a small advance in hnowledge

may be considered worthwhile; a work that conffibutes a momen-

tous advance may be considered great; but a work that con-

tributes sarcral momentous advances is in another league altogether. Such

a work is Isaac Newton's Principia. Published in Latin lI"te in 1687, it laid

the basis for the science of mechanics (the study of the interaction between

matter andforces) for owr two centuries by defining the uniJying principles

known as the laws of motion and the law of gravitation.
The three laws oJ motion goyern the way bodies move in almost all situ-

ations,Irom 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 Nqttton's laws oJ motion do not apply when objects move at rela-

tive speeds close to that oJ light, Nnvtonian mechanics still holds in most

human- s c ale cir cums tanc e s.
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 externalforces.
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 tlpon a body, the body acerts an equal force,

or reaction, in the opposite direction.
The Principia also presented Napton'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 oJ relativity (1916) brought nav understand-
ing to the study of gravitation, but Nq,vton's law still holds well enough to

setl)e as the basis for such tasks as analyzing orbits and planning space
missions. In mq.thematical terms, Newton's law of gravitation states:

F = G  
f f i t f f i z

d '

Where F is the force of gravitation between trvo bodies, G the gravita-
tional constant (a quantity equal to about 6.7 x 10-11 mt 

'Rg-' 
s-'), mr mz the

malses oJ the two bodies, and d' the square oJ the dtstance 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. rruo

John Ray continues to classify animals, sorting them on the basis of
hoofs, toes, and reeth. ro

In unpublished letrers, German mathematician Gottfried wilhelm
Leibniz makes the first western reference to the method of deter-
minants. n n|

Edmund Halley prepares the first mornlity mbles, sratistically relar,
ing human death rates to age. nrc

Botany professor Joseph Pitton de Tournefort, considered at this
t ime to be the leader of  French botanical  thought,  publ ishes
Elemens de botanique. lt inventories and describes more than eight
thousand plants and devises an arrificial classification system rhat
wil l be accepted unti l the work of Carolus Linnaeus in 1735. ln
1719, this work is republished in English as The Complete Herbal. tre

English chemist Nehemiah Grew isolates magnesium sulfate, popu-
larly known as epsom salts. crrn

Swiss mathematician Johann Uean) Bernoull i discovers LHopial's
rule on indeterminate forms, named for French mathematician
Guillaume Frangois Anroine de UHopital, who publishes ir rhis year
in the first printed texrbook on the differential calculus, Analyse des
infniment petits. n il

Swiss mathematicians Jakob (Jacques) and Johann Uean) 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. n flr

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 disrance between the direction o[ the com-
pass needle and true north. l lnr

English engineer Thomas Savery invenrs a sream,driven pump, the
"miner's friend," for use in coal mining. ?rctl

The London Stock Exchange opens. The New York Stock Exchange
will follow in 1792. rlcrl

Champagne is invented by French cellarer Dom Pierre P6rignon in
the abbey of d'Hautvilliers. ilol
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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 temperaure 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-C6sar Charles in 1787. See also 1802, Gav-Lussac. tlyl

'l dc no] know wltsl I moy cippc,oil, lo lhe woild, bu] lo mytrill
I tocm ]o hcvc been only llkc e boy pleylng on fito scc,-thotc',

end dlvcfilng mysell ln ncw end ]hcn llndlng a cmoo]r.ct
pcbblc ct s prcltlct chcll ]hen otdlner7,' whllsl lltc gtcel

ocoeln ol fiulh lay ell undlrcovetcd befiol'6 112s.D-Jlt ltsea
Ncrton, Engllth mefhcmafialcln end physlaltfi a. | 7OO

I 700s

I 700s

I 700s

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. lto

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. rrD

"ldiot cages'l are used to confine and display mentally ill people,
usually as a source of public enterninment. r.yctr

Cages used to house the mentally ill in the eighteenth century. (Germanisches
N ational Museum, Nirnberg)
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In England rhe sffairjacket is invented to restrain agirated asylum
patients. ?.yol

Ole Romer of Denmark inventls the meridian telescope. rrrro

c. ITOO German chemist George Ernst Stahl proposes that objects burn or
rust because they lose a combustible substance called phlogiston, a
theory disprbved by Antoine-Laurent Lavoisier in 1772. onr

1700 Gottfried Wilhelm Leibniz explains rhat 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. rttrr

c. ITOO 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-
maCOpela. ntD

Italian physician Bernardino Ramazzini publishes a work describing
forry occupational diseases. He is the first to write on the subject. rlD

French physicist Joseph Sauveur coins the term acoustics for de-
scribing the relations of musical tones. rrrtr

English farmer Jethro Tull invents a multirow machine dril l  for
planting three l ines of seeds simultaneously, which decreases
waste and increases productivity, rrctl

Dutch chemist William Homberg discovers boric acid. cflrr

David Gregory, Savilian Professor of Astronomy ar Oxford, publish-
es Astronomiae physicae &. geometricae elementa, the first textbook
of astronomy based on Newtonian principles. rul

The Daily Courant, the first daily newspaper, begins publication in
London. Three years later the first regular newspaper in the American
colonies, the weekly Nqts-Lettq, is published in Boston. ttcrl

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. rulc

Newton publishes De quadratLtra cun)arum, 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). r rrl

Newton publishes Enumeratton of Curttes of [the] Third Degree, the
frrst work devoted solely to graphs of higher plane curves in alge-
bra, written about 1676. n^il
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t704 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. PlrYs

German mathematician Gottfried Wilhelm Leibniz finishes his New

Essays on lJnderstanding, 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,

disposi t ions,  habi ts,  and potent ia ls.  This book, wi th i ts nat iv ist

views, goes unpublished until 1765. P3YCll

Edmund Halley theorizes that the comet of 1682 is a regular visitor,

observed since antiquity (see 24O s.c., China), and correctly predicts

it will return Seventy-six years later, in December 1758. ^rrro

The Royal Observatory of Berlin is established- ^3rro

Queen Anne knights English scientist Isaac Newton' ntrc

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. PrfYl

The Greek letter pi is first used as the symbol for the ratio of a cir'

cle's circumference to its diameter. nail

Francis Hauksbee invents a crank-operated glass sphere that can

produce an intense charge of static electricity' DlrY3

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 freld

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. n fll

The United East India Company is formed in England from smaller
trading companies, makin$ it the premier shipping frrm for import-

ing fabrics, foods, and military materials like saltpeter' rrcr

English empirical philosopher George Berkeley publishes his Esscy
towards a New Theory oJ Vision, in which he agrees with John Locke
that all knowledge comes from experience and depends on human
perception. ttYclr

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 breakthrou$h marks one of the starting points

1704

1705

1705

1705

I 705

r706
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1707

1708

r709

of the industrial revolution in England.

1709
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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.

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,

l7l3 Ars conjectandi (The Art oJ Conjecnring), by Swiss mathematician
Jakob Bernoull i, 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.

t T to

c . 1 7 l O

1 7  1 2

t 7  t 3

1 7  1 4

Apr.22,
1 7  1 5

1 7  t 5

t 7  1 6

t 7  1 8

t 7  t 8

t 7  l 8

1 7 2 3

t 7 2 4

The first schooner is built, by scottish-American captain Andrew
Robinson in Massachusetts. schooners will become important to
the growing American fishing industry. rrctl
German physicist Daniel Gabriel Fahrenheit invents the mercury
thermometer and the Fahrenheit scale. rrctl

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 torality.

English mathematician Brook raylor publishes the Taylor series,
along with other components of the calculus, in his Methodus incre-
mentorum.

Boston preacher Cotton Mather writes that his Negro slaves prac-
ticed smallpox inocularion 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 atrention ro
primitive smallpox vaccination techniques in such places as China
and central  Europe, where smal lpox scabs are used to infect
healthy people and produce immunity.

Edmund Halley discovers the "proper motion" (independent move-
ment) of stars, contradicting the ancient theory that the stars are
fixed. lrrro
Potatoes, originally an Andean crop, are introduced to Boston, their
first appearance in England's American colonies. lto

French-born English mathematician Abraham de Moivre publishes
his Doctrine of Chances, an important work on probability. r l|l
M. A. Capeller publishes Prodomus cryqtallographiae, the earliest
known treatise on crystallography. rrvl

The possibility of cross-fertilizing corn is established. to
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German physicist Daniel Gabriel Fahrenheit describes the super-
cooling of water. rHy!

John Flamsteed's three-volume Historia coelestis Britannica, pub-
lished posthumously, catalogs some three thousand smrs. rrrro

Plaster of Paris is used to cast metal printing plates, reducing cost
and improving the efficiency of printing by letterpress. rldr

ailoluto, olnd Dlalato't lewt lcy hld ln nlght;
Ocd rald, lct llcwtcn bcl end aII wat llghf.n

-Alcxandct Popc, Engllth pocli
clghlconlh ocnlvty

-ll drd no] letls tho Dcvll howllng 'llo,l

Lel Elntlc,ln bel' totfcrtod lhc tlslut luo..E
-,t. G. JSfu tcihnl 9iqelrc1 ln a ]vcnflolh-

ccnfuty entwcr Ic Popo

In vegetable staticks English boranisr Stephen Hales reporrs on his
work with plant fluid flows and plant respirarion. 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. tro

swiss mathematician Leonhard Euler introduces the letter e to rep-
resent the base of the system of natural logarithms. This notation
will become standard. rAnl

sir Isaac Newton, the first scientist to be buried in westminster
Abbey, dies in London. nrc

A basic property of photography is discovered by German chemist
J. H. Schulze, who determines that l ight, not heat, activates the
chemicals involved in the process of deriving silver salts from silver
nitrate.

Engl ish astronomer James Bradley discovers the aberrat ion of
starlight, the apparent displacemenr of a star's position due to the,
orbital motion of the earrh. This finding gives the most definite
proof to date that the earth moves in space.

Danish navigator Vitus J. Bering, working for czar peter the Great,
discovers the passage now called the Bering strait, proving that
North America is not connected bv land to Asia.

1728
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British-educated physician John Hunter (d. 1793), considered the
founder  o f  exper imenta l  and sur$ ica l  pa tho logy ,  i s  born  in

Scotland. He will introduce a flexible tube passed into the stomach
for artificial feeding, be first to study leeth 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

smge, a completed form of a lower order of the species.

French scientist Louis Bourget distinguishes between organic and

inorganic growth. llo

English scientist Stephen Gray theorizes that electricity is a fluid

and discovers that Some substances are electrical conductors but

others are nonconductors, or insulators. ?flvt

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. tllYr

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. llo

In England, Lord Charles Townshend determines that livestock can

be maintained throughout the year, most importantly in the winter,

on Urnips rather than on seasonally grown feed. This discovery al-

lows beef to be available year'round. trcll

American mathematician Thomas Godfrey and English inventor

John Hadley independently invent the reflecting quadrant, the pre-

Cursor Of the mOdern Sextant. llllo

In a posthumous work, Swiss mathematician Jakob Bernoulli intro-

duces Bernoulli numbers. nril

French mathematician Alexis-Claude Clairaut identifres the Clairaut

differential equation. n^fll

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 [ater 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 densiry.

American inventor and statesman Benjamin
enlarges the postal service by streamlining
colonies.

tflYt

Franklin improves and
routes throughout the

tlQl

German philosopher Baron Christian von Wolff develops the field

of rational psychology, a subdivision of empirical psychology that

depends more on reason than experience.

t 7 3 l

r 7 3 2 - 1 7 3 4
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1733 Swiss mathematician Leonhard Euler publishes a seminal work of
modern mathematical analysrs. nril

t 7 3 5 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 ro magnerism,
which exhibits similar patterns of attraction and repulsion. rrryf

English weaver John Kay invents the flying shuttle, which vasrly im-
proves on the hand loom and simplifres the industrializarion of tex-
tile production. rrctl

French entomologisr  Rene de R6aumur begins publ ishing the
first of a six-volume work on insect history that was completed
in  1742.  ro

English bishop George Berkeley publishes The Analysf, an artack on
the intellectual basis of the calculus, the theory of fluxions. lg spurs
Scottish mathematician Colin Maclaurin to respond with a defense
entitled Treatise oJ Fluxions (1742). f,rill

Swedish naturalist Carolus Linnaeus presents his firSt system of
plant classifrcation, Systema naturae, sorting flora according to the
number of  their  stamens and pist i ls .  This wi l l  lead ro furrher
botanical  c lassi f icat ion,  including Linnaeus's use oI  b inomial
nomenclature to record plant genera and species.  L innaeus's
method of classification will persist to the present day. lto

Swedish chemist Georg Brandt discovers the element cobalt. 6trf,

Spanish scientist Antonio de Ulloa discovers the element platinum. onr

Geographic expeditions to equatorial and polar regions confirm Isaac
Newton's 1687 theory thar the earrh is an oblate spheroid. rrril

French chemist Henri-Louis Duhamel du Monceau is the first to dis-
tinguish potassium salts from sodium salts. cflrn

French surgeon Jean-Louis Petit distinguishes
compression and concussion, paving the way
more successful-treatments of injury.

between cerebral
for different-and

New York City's Bellevue Hospital has its beginnings as a
the public workhouse for rhose who are physically sick or
i l l . It wil l open officially as a hospital in 1812.
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Swiss mathematician Leonhard Euler writes Mechanics, the first
book to be devoted ro thar subject. with analytical methods ir de-
velops Newton's dynamics of the mass point.

The chronometer is introduced by British inventor John Harrison.
Used in conjunction with a quadranr, ir can aid a navigator in pin-
pointing his longitudinal position.
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Eskimo parka made of birdskins from St. Lawrence Island

area explored by Vitus Berin!. (National Museum of

Natural Uistory)

Bibl ia naturae, by Dutch natural ist Jan Swammerdam, is pub-

l ished posthumously. I t  introduces discoveries and conclusions

drawn trom Swammerdam's microscopic experiments with dis-

sected insects. r lo

Planned excavation begins at Pompeii and Herculaneum in Italy'

(see 79 and 1592). mcrl

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. r rfll

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. Followin$ Boyle (see 1662), Bernoulli makes his expla-

nation in terms of the movement of atoms comprising the fluid' PHYI

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 ve$etable kingdonls. llo

i

1739
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French explorers Pierre and Paul Mallet become the first Europeans
to see the Rocky Mountains. rrr|rl

Physicist George Martine shows that the amount of heat in an ob-
ject is not proportional to its volume. rryr

Scot t i sh  ph i losopher  and d ip lomat  Dav id  Hume pub l ishes  A
Treatise on Human Nature, claiming that complex ideas are formed
from simple ones based on three laws of association: resemblance,
continuiry, and cause-and-effect relationships. prycrl

Glass is manufactured in what will become the state of New Jersey
in a factory set up by German-American busihessman Caspar
Wistar. ilcNl

Swiss entomologist Charles Bonnet discovers that female aphids
can reproduce without fertilization. ro

Antonio Moro publishes a significant study of marine fossils. Druo

Sheffield steel, a superstrong cast steel produced, in airless cru-
cibles, is introduced by Englishman Benjamin Huntsman. trcrl

1 7 3 9
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Indigo is harvested in South Carolina, beginning a dyestuffs indus-
try in that region. ro

Vitus J. 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. trlnl

Irish physician Fielding Ould draws attenrion ro rhe benefits of cut-
ting the female perineum during delivery ro prevent the baby's
head and shoulders from tearing the woman's pelvic floor. This
procedure will become known as episiotomy. ruD

Using the hydra, Swiss naturalist Abraham Trembley makes the
first permanent tissue graft. llo

-Gculd noJ onc tay lltcl) dnoc, ln lhc eaaldonlsl aclmblnetlcrn
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German-Russ ian  mathemat ic ian  Chr is t ian  Go ldbach f rames
"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.

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.

Coal is mined in Virginia for the first time

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. ilql

French mathematician Alexis Claude Clairaut explains how to com-

pute gravitational force at a given latitude. Ittlo

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.

Swiss mathematician Leonhard
numbers, numbers that can never
gebraic equation (as distinguished

Leonhard Euler publishes the first

ilgl

tta|l

tflYt

Euler discovers transcendental
be a solution to a polynomial al-
from algebraic numbers). n rl

exposition of the calculus of vari-
ations, including Euler's equations.

Russian physicist Mikhail V. Lomonosov proposes correctly that
heat is a form of motion. DlfYt

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. ilfY3

Dutch physicist Pieter van Musschenbroek of the University of
Leyden and German physicist Ewald Georg von Kleist independ.ent-
ly invent the Leyden jar, the first practical device for storing static
electricity. trrvr

Swiss mathematician Leonhard Euler uses the wave theory of light
to develop a mathematics of the refraction of light. HrY3

American philosopher and theologian Jonathan Edwards writes on
psycho log ica l  ques t ions  in  re la t ion  to  re l ig ion .  H is  Trea t ise
Concerning Religious AfJections 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. uvcrl

French mathematician Alexis-Claude Clairaut publishes the first ap-
proximate resolution of the three-body problem, examining how
three celestial bodies interact.

1 7 4 7
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Scottish physician James Lind shows, in the first controlled dietary
study, that citrus fruits cure scurvy. ruD

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. tllrl

Theorizing about vibrating strings, French physicist Jean Le Rond
d'Alembert publishes the general solution of the partial differential-
wave equation in two dimensions.

'Wc cltc undct cbllgellcrn lc lhc clnclcnft 3or havlng

cxheutlcd ell ]hc lelse lhecrilot thel aould bc icltmod.E
l21nsfl Lc Bcvlcr, Slcvt dc Fcnlcncllc'

Ftcnch phllctophct; olghloonlh acrnlvty

1 7 4 7

1 7 4 7

t 7 4 7

1748

1748

1748

1748

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. lfiio

Swiss mathematic ian Leonhard Euler publ ishes Introduct io in
analysin inJinitorum. 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. taflr

Welsh Cathol ic pr iest  Father John T. Needham clairns 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 l iving or-
ganisms can be generated directly from lifeless matter will persist

ttDfor another century.

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. rrYt

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. rJycrl

1748
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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. $o

Swedish naturalist Carolus Linnaeus describes how nature l imits
competition between species by allotting each its own $eographical
location and placement in the food chain. He claims that reproduc-
tive rates and predators maintain a species' proper numerical pro-
portions.

In his Nantral History), French naturalist Geor$es"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. trmtr

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.

Scottish astronomer Alexander Wilson is the first to use kites for
exploring the properties of the atmosphere, attaching thermome-
ters to them to tfy to measure temperatures at a hei$ht.

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 ori$ina-
tor of physiological psychology.

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. t ill

Swedish mineralo$ist Baron Axel F. Cronstedt
ment nickel.

the ele-
CHIN

Paris physician Jean-Etienne Guettard discovers a region of extinct

volcanoes in Auvergne, France.

The first public hospital in Britain's American colonies is organized

in Philadelphia. ruD
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d'Alembert publish rhe frrst volume of the Encyclopedle. The frrst

modern encyclopedia, it takes a rational approach to "the sciences,

the arts, and customs." mrc

Flying a kite attached to a metal key in a thunderstorm, Benjamin

Franklin proves that lightning is electricity. DnYi

French physician Jacques Daviel originates modern lens extraction

as a cure for cataracts. nlD

French physicist Jean Le Rond d'Alembert formulates certain prin-

ciples of hydrodynamics. FllY3

Bui ld ing on h is  s tud ies o f  l i$htn ing and e lect r ic i ty ,  Benjamin

Franklin invents the lightning rod. ttcrl

Publicly funded globe streetlights are installed in Philadelphia, the

first such lighting system in Britain's American colonies. llcH

Chemist C. G. Junine demonstrates that the element bismuth is dif'

ferent from lead. cHln

1753 The conestoga wagon, a [ransport vehicle for persons and car$o, is

popularized by the Pennsylvania Dutch. It is named for the town

1754

where it was develoPed. tlclr

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. llo

Swiss natural ist  Char les Bonnet detai ls the nutr i t ional  value of

t 7 5 l

1 7 5 2

1 7 5 2

1 7 5 2

1 7 5 2

1 7 5 5

1754
plants.

t754 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.

1754 Scorrish physician William Smellie pioneers midwifery by men. nro

1754 Swiss-French phi losopher JeanJacques Rousseau publ ishes his
Discourse on the Inequalities oJ 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 conract to correct inequalities. 3oc

1755 German philosopher Immanuel Kant speculates about the existence
of distant collections of stars or "island universes." lttlo
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PIECES OF AIR

ince the time oJ the ancient Greehs, air was considered to be a dis-
crete element, impossible to breah downfurther. Not until the eigh-
teenth century did it become clear that air was made up of several

difJerent gases. In experiments beginning in 1754, scottish chemistJoseph
Blach discovered that a luntp 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 oJ the gas we call carbon
dioxide. clearly, carbon dioxide was part of air, but experimentation
showed that it could not support combustion or animal IiJe. what was it
living thing s breathed?

Black ashed his sndent Daniel Rutherford to looh into this questiori. In
1772, RutherJordburned a candle in a closed container until theflame went
ouL Whsn RutherJord used chemicals to draw out the carbon dioxide in the
container, he found that a large quantity of another ga.s was IeJt over. It,
too, Jailed to support life or combustion. Eventually this gas became hnown
as nitrogen, because it was also found in niter (potassium niffate).

The breathable component oJ air was discovered by English chemist
Joseph Priestlqt in 1774. He Jound that mercury, heated in air, produced a
red powder called mercuric oxide. When it was heated in a sealed contain-
er, it brohe down into mercury and some sort of gas. Priestley Jound that
this gas not only supported the processes oJ respiration and combustion
but enhanced them.

It was French chemist Antoine-Laurent Lavoisier who determined the
relo.tive proportions oJ the hnown atmospheric gases. In experiments in the
1770s he Jound that a,fter mercury was heated to produce mercuric oxide,
about four-rtfths oJ the air in the closed container still remained. He con-
cluded that this gas, which did not support life, was Rutherford's gz.s nitro-
gen. Priestley's gas, which Lavoisier called orygen (Greehfor "acid produc-
er"), represented the other rtfth oJ the air. Blach's gas, "fixed air" or carbon
dioxide, was present in only marginal quantities.

Lavoisier'sfgures were roughly correct, though other components of air
have since been found and more exact estimates made. It is now hnown
that nitrogen and oxygen mahe up about 99 percent (nitrogen 78.08 per-
cent, orygen 20.95 percent) of the gases in earth's amosphere. The rest is
mostly argon (0.95 percent) and carbon dioxide (0.03 percent). Neon, heli-
um, methane, hrypton, hydrogen, xenon, and ozone are also present in
minute traces.
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N o v . 1 ,
1755

1755

1 7 5 6

1756

A disastrous earthquake befalls Lisbon, sparking increased interest
in geological phenomena. rrrill

Swiss mathematician Leonhard Euler publishes Institutiones calculi
d,ffirentialis, an influential textbook on differential calculus, fol-
lowed in 1768- 1774 by Institrttiones calculi integralis. t^nr

English physicist John Canton observes magnetic storms in the

earth's ma$netic field. rrril

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 i$neous (veined) rock. rAlil

The modern sextant, used to chart navi$ation, is developed by

British seaman John Campbell. llcrl

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. rttro

French botanist Henri du Monceau describes tree structure and

physiology lo

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. qf,f,

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' oiln

French mathematician Jean Le Rond d'Alembert formulates the

limit concept in calculus. n il

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. toc

In London, the Kew Botanical Gardens opens. llo

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... clf,n

German physicist Johann H. Lambert introduces the term albedo f.or

the varying rates of reflection of the planets. rtrrt

Between now and 1762, Dutch anatomist Pieter Camper publishes

Demonstr ationum anatomic o-pathologic arum, a two'volume work

comparin$ anatomy in different human races. toG

1 7 5 7

Dec.25,
1758

1758

t758

t758

1760s

1760s

1760

1760

t760

1760
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Mikhail V. Lomonosov discovers the atmosphere of Venus while ob-
serving that planet's transit across the sun. rttlo

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. ltrlo

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 ro
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. ro

In France the first veterinary school is founded. lro

German physician George Christian Fuschel publishes a lengthy ar-
ticle dealing with the srrarigraphy 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 m€ans
of index fossils. urfll

German mathematician Johann H. Lambert proves that pi is an
r n lirrational number.

Italian phySician Giovanni Morgagni becomes the father of morbid
anatomy after l inking certain postmortem findings with disease
symptoms experienced by the dying. rlD

British astronomer James Bradley completes a catalog of 60,000
stars. lrTro

Scottish chemist Joseph Black discovers larenr 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
9as)' Qlln

German botanist J. G. Kdlreuter publishes the resulrs of his experi-
ments on plants by animals carrying pollen. ro

Scottish philosopher Thomas Reid becomes rhe firsr 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,andgratitude. rrrcll
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1 7 6 4 The frrst system for measuring and naming sizes of type is devel'

oped by French engraver Pierre Simon Fournier and outlined in his

work Manuel typographique. tlcll

Geologist Nicolas Desmarest, the inspector-general of manufactures

in France, discovers prismatic basalt to be of volcanic ori$in. rrlrl

Swiss scientist Horace Ben6dict de Saussure invents the electrome-

ter, a device for measuring voltage differences without drawing an

appreciable amount of current from the source. rrcll

The steam engine is refined by Scottish engineer James Watt. With

its Separate chamber for condensing the sream, this en$ine super-

sedes the Newcomen engine ol 1712 in its efficiency. lt wil l be

patented in 17 69. See also I 698' Savery' rrcll

German astronomer Johann Daniel Tit ius or Tiety of Wittenberg

discovers that the distances of the known planets from the sun are

proport ional  to the terms of  the ser ies 0,3,6,  12 " '  Johann E'

boa., director of the Berlin Observatory, will publish this ftnding in

1772, hence its common name Bode's law. This "law" wil l later be

found to apply to Uranus (discovered in 1781) but not Neptune

(1846) and Pluto (1950). It is therefore not a universal law but an

observation about certain planets of the solar system' ^trto

British chemist Henry Cavendish discovers an inflammable gas he

calls fire air, produced by reaction between acid and certain met-

a ls .  I t  i s  now known to  be  the  e lement  hydrogen.  See 1784,

Cavendish. cllrn

The as'yet-unidentified element nitrogen, generated by an electrical

charge, is used to enrich soil in experiments conducted by chemist

Henry cavendish 

rr bepins annual ouo,,.ur,olilNevil Maskelyne, Astronomer Royal, begins annual tr
the British Nautical Almanac, describing the position of celestial

bodies at specific times, for use in navi$ation. rrrro

British chemist Joseph Priestley publishes The History and Present

State of Electricity, in which he su$$ests that electrical forces, like

gravitational ones, increase or decrease in inverse proportion to the

iqu"r" of the distance. This book also contains the first detailed ac-

count of Benjamin Franklin's kite experiment. See 1751. Pllvt

Italian biologist Lazzaro Spallanzani determines that food can be

protected from microorganisms by being Sealed to prevent air pen-

erration. llo

1765

1765

1765

t 7 6 6

lT6g-t77t During an around-the-world voyage on the H.M.S. Endeavor, British

narurtl ist Joseph Banks collects 3,607 plant species, some 1,400 of

which had not previously been identified. llo

t 7 6 6

t 7 6 6

1 7 6 7

1 7 6 7

1768

97



r 76a THt  r r n t t l i l t  t ooK  o r  t c l l l t c t

FIZN WATER

f 
n addition to discovering ammoni,a, sulfur dioxide, and. the gas now

I known as orygen, eighteenth-century theologian and chemist Joseph
t' Priestlqt also invented carbonated, water. while tiving ne6r a brantery
in 1768 he appropriated some of its carbon dioride and added tt to house-
hold water. The carbon dioxide infused the water with a tartnes:s and fizz
now associl,ted with r efr e shments like soda pop (when sug ar and. flav oring s
are added), quinine or tonic water (when quinine is added), or club soda or
seltzer (in its unadulterated form).

1768

t768

t768

1769

1769

1769

1769

1769

1769

chemist Joseph priestley dissolves carbon dioxide in warer ro pro-
duce carbonated water, now called seltzer or soda water and the
basis of all future carbonated soft drinks. crtf,
on an expedition from I T6g to 177 | , British navigaror 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. rrrrrl
French physicist Antoine Baume invents the graduated hydrome-
ter, which uses the Baum6 scale for specific gravities of liquids. rror
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 lreland. Data from the transi$ of 176l and 1769 will
be used to determine the distance from the earth to the sun-and
hence the scale of the sorar system-with greater accuracy than
ever before. rrrro
Wine grapes are first planred in California. ro
French chemist Antoine-Laurent Lavoisier develops methods of
quantitative chemistry through which he disproves the ancient
Greek theory rhat water boiled long enough will be partially con-
verted inro sediment. crtrn
British surgeon Percivall pott publishes ffeatises on tuberculosis of
the spine (Pott's disease) and a particular fracture of the leg with rhe
dislocation of the foot outward and backward (pott's fracture). ruD
A spinning frame rhat can produce thread sturdy enough for appar-
el is invented by British manufacturer Richard Arkwright. ilcfl
Scottish engineer James Watt patents the steam
veloped in 1765, which wil l play a major rote in
revolution.

engine he de-
the industrial

ttctl

98



tH t  T tnE l r l t t  BooK o F  S G r l l l G I  1 7 7 g ^

Mtiller devises a dredge to collect samples
the ocean's floor. rllrx

Danish biologist Otro F.
of living organisms from

c.  1770s

1770

1770

1770

c.  1770
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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 rype of evolution will al-
low inorganic matter to live, animals to reason, and humans to be-
come an$els. uo

British chemist Joseph Priestley collects and studies water-soluble gas-
es, including ammonia, sulfur dioxide, and hydrogen chloride. crrrn

Swedish pharmacist CarlWilhelm Scheele discovers tartaric acid. qln

Iralian physiologist Lazzaro Spallanzani experimenrs with artificial
insemination in dogs and proves that sperm is necessary for fertil-
ization of the ovum. ruD

Bri t ish inventor James Hargreaves patents the spinning jenny,
which helps automate textile manufacturing. rrcrl

Some two hundred years after his death in 1565, Opera botanica,
b y  S w i s s  n a t u r a l i s t  K o n r a d  v o n  G e s n e r ,  i s  p u b l i s h e d  i n
Nuremburg. lro

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. cliln

Fossils of ancient humans and extinct cave bears are found togeth-
er in Germany. rrrro

Br i t i sh  ph i lo log is t  S i r  Wi l l iam Jones d iscovers  re la t ionsh ips
among Latin, Greek, and Sanskrit that wil l lead to reconstruction
of Indo-European and the development of modern comparative

British chemist Daniel Rutherford discovers the element nitrogen. cxrn

French chemist Antoine-Laurent Lavoisier disproves Georg Ernst
Stahl'$ 1700 theory that a loss of a combustible substance called
phlogigton causes burning, discovering instead rhat burning or rusr-
ing objects combine with some substance in the air, later shown to
be oxygen.
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Burning Glass designed for Antoine Lavoisier made to use sunlight for heat for
experiments. (Oeuvres de Lavoisier, paris)
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By burning a diamond and producing carbon dioxide, Lavoisier dis-
covers that diamonds consist of carbon and are related to coal. cxrn

pute.

Rubber is named by Brirish scientist Joseph priesrley for
to erase penciled errors through rubbing.

PSYCII

i ts abi l i ty
flctl

Through microscopic and chemical experiments, French scientist
Hi laire-Marin Rouelle discovers potassium and sodium in human
and animal blood. lo
In Virginia, the williamsburg Easrern Lunaric Asylum, the first offi-
cial U.S. asylum for the mentally ill, is founded. pryctl

The Shakers, a religious sect from England, settle in the American
colonies. Among their accomplishments in animal husbandry wil l
be the breeding of rhe 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. ilcH
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t 7 7 4 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. clrtt

The same year that he is scooped by Priestley, Scheele discovers
the elem€nts chlorine, manganese, and barium-but fails to get

undisputed credit for any of them. Swedish mineralggist 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. ctlrt

1 7 7 4

DIAMONDS ARE NOT FOREVER

ne oJ 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 br.ty a diamond; then, thq heated it to a high enough

temperature to burn it. The result was a container oJ very costly carbon

dioxide, demonstrating a linh between diamonds and carbon. By the end oJ

the eighteenth century, British chemist Smithson Tennant and French

chemist Guyton de Morveau had shown that diamonds are a form oJ pure

carbon that can be converted to graphite. Graphite and carbon are al-

lotropes of carbon-two Jorms of the same element that dffir only in their

crystal structureE. A d,iamond's atoms bond to one another in a tightly

packed. tetrahedrdl arrangement, mahing it very dense and very hard. But

the more stable Jorm of the element is the lowly graphite, in which the

qtoms are arranged in loosety stached but durable layers. Over millions of

years, in Jact, diamonds tend to turn into graphite. In geologic terms, then,

diamonds are not Jorever.
I.f diamonds can be turned into gtaphite, can graphite be turned into dia-

monds? Onty by npplyrng temperan#es and presswes great enough to break

up the gfaphite and pack the carbon atoms into the dense tetrahedral shape.

Chemists tried to do this alt through the nineteenth and early nventieth cen-

firies but couldnot achiwe the necessary conditions. Then, in 1955, scientists

at Gmeral Electric succeeded in reaching pressures of 100,000 atmosphsres

and temperatures of 2,5000 C. Using chromium as a catalyst, thqt 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. Thqt had

shown that Lavoisier's conversion process of two hundred years earlier was

rarcrsible, though considerably easier in one directton than the other'
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Danish entomologist Johan chrisrian Fabricius classifres insects by
their mouth structure. lro

Joseph Priestley identifies hydrochloric and sulfuric acid. clrr

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. ruD

Italian physicist Alessandro Volta invents a device that can both
generate and store static electricity. see also 1900, Volta. ,Hy,

The f i rst  patent for  a f lush toi let  is  issued to Br i t ish inventor
Alexander cummings, though such toilets wil l not become com-
mon until the nineteenth century. fictf

swedish chemists carl w. Scheele and Torbern olof Bergman inde-
pendently discover uric acid. cHln

American physic ian and sratesman Benjamin Rush signs the
Declaration of Independence. He will become surgeon general of
the continental Army, on the staff at pennsylvania ltospital (where
he will found the first free dispensary in rhe united stares), and be
treasurer of the U.s. Mint from I T9T to I gl j. In l g tz he wil l pub-
lish the first U.S. rreatise on psychiatry. rrD

chemist Matthew Dobson proves that the sweetness in
blood and urine is due ro sugar and suggests rhat diabetes
kidney problem but rather a malfunction of metabolism
gestion.

1 7 7 6
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diabetic
ls  not  a
and di '

ttD

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 laiss ez-faire approach
to the market in which individuals pursuing their own interests im-
prove the condition of society as a whole. roc

mands. roc

The submar ine is  f i rs t  used in  combat ,  dur ing the Amer ican
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 artempts unsuccessfully to sink British
warships in New York harbor.

t 7 7 6
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1777 French naturalist Georges-Louis Leclerc de Buffon introduces what
is referred to as the needle problem, the first example of a geomet-
ric probability. n^il

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 hber. trcl

Swedish chemist  Car l  Wi lhelm Scheele discovers the element
molybdenum, though he often loses credit for the discovery to
Swedish mineralogist Peter Jacob Hjelm. clllt

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. tlo

Swiss geologist Horace-B6nedict de Saussure coins the term geology

and correctly describes the movement of glaciers. I lfil

Italian anatomist Luigi Galvani observes that dissected frog legs

twitch when electricity is applied and when makin$ contact with two

different metals. Though he is wrong in concluding that animal tissue

is the Source of electriciry, his experiments will spur further research

into electricity, including that of Alessandro Volta in 1800' tlo

German geologist Abraham Gottlob Werner, who will come to be

known as the father of historic geology, publishes the influential arti-

c le Rurze Rlassi f icat ion 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. l tfll

British physician David Pitcairn is first to note that rheumatic fever

can damage the heart. nlD

Italian physiologist Lazzaro Spallanzani proves that digestion is a

chemical reaction to gastric juice. rlD

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. mo

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. nlD
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Geologists in central  Germany study the Buntsandstein and
Muschelkalk fossil beds, which date respecrively from the early and
middle Triassic periods. See 1834, von Alberti. rlro

An automated flour mill is developed by American merchant Oliver
Evans. It operates by a water-powered conveyor belt. ttctr
French astronomer Charles Messier catalogs 103 nebulae, or patch-
es of luminous cloud that larer rurn out to be galaxies. rrtro

German-English astronomer Will iam Herschel discovers Uranus,
the seventh planet from the sun and rhe first to be discovered by
telescope. Irtlo
French mineralogist Rene-Just Hauy 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 derermined by its chemical composition. cnrn
czechoslovakian mathematic ian"and pr iest  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. n nr
A smallpox outbreak among spanish settlers in Texas spreads
north to canada. More than 1j0,000 Native Americans die, halving
the populations of the Blackfoot, Cree, Arapaho, Shoshoni, and
Crow peoples. ntD
Physicist Johan carl wilcke inffoduces the idea of specific heat, the
quantity of heat required to raise the temperature of a given sub-
stance by a given amount. lrry,
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 critique 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. ,rvor
After three months of construction, the first all-iron bridge is put into
operation, in Shropshire, England. The 37g-ton bridge spans 100
feet. The iron for the bridge was cast by Abraham Darby III, grand-
son of ironworks master Abraham Darby. See 17O9. ilcrl
British astronomerJohn Goodricke suggests that the star Algol has a
dark companion that circles and periodically eclipses ft. see l gg9,
Vogel. - lttro
while investigating a badger inrestine, German zoologist Johann
Melchior Goeze identifies the hookworm. uo
scottish engineer James watt patents a double-acting rotary steam en-
gine, which improves significantly on his steam engine of 1769. trcrl
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Nov.  21  ,
r783

Jacques and Joseph Montgolfier of France send up the first flying

balloon, filled with smoke. rtcll

Spanish mineralogists Juan Jose and Fausto d'Elhuyar y de Suvisa

discover the element tungsten. crtrn

Swedish chemist Carl W. Scheele discovers the compound glyc-

erine. clllt

British ironworks master Henry Cort improves wrought-iron pro-

duction by developing a system for puddling iron. rrcll

F renchmen Jean P i ld t re  de  Roz ie r  and the  Marqu is  Frango is

d'Arlandes make the first manned free-balloon flighr, reaching a

height of about 500 feet and traveling about 5.5 miles during their

THE GEORGIAN PLANET

ive planets, all oJ them visible to the nz.hed eye, have been known

since ancient times: Mercury, Venus, Mars, Jupiter' and Saturn'

By the eighteenth century, it was understood that the earth itselJ

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 asffonomer Witliam Herschel (1738-1822), using a telescope of

his own inyention, to discoyer this object. Born in Germany, Herschel was a

musician by trade, working as a chapel organist in Bath, England.

Howwer, he had a taste Jor astronomy and a talentfor optics that allowed

him to build telescopes with far better resolution than those used by the

professionals oJ the time. On a Tuesday night, March 13, 1781, watching

the shies with such a telescope, he noted a "curious either nebulous Star or

perhaps a Comet." By its disklihe shape and characteristic orbit it was

proten to be a planet, the first to be diseovered since antiquity '

The name oJ the new planet 'was uncertain for some time' Herschel

wanted to call it the Georgian Planet after George III, then king oJ 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 nlytholory, in keeping with the names oJ the oth-

er hnown planets. The latter tradition finally won out and the planet was

named Jor l,Jranus, the mythological father of Sanrn. The precedent was

mointained, when the eighth and ninth.planets were discovered: Neptune in

1846 (namedJor a brother of Jupiter) and Pluto (a son of sarurn) in 1950.

twenty-minute flight.
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Herschel observes distorting
rtno

Muller discovers the element
cfltf,

British chemist Henry cavendish discovers rhar water is composed
of hydrogen and oxygen, from which he gives hydrogen irs name
(from the Greek for "water former"). 6trn

Swedish chemist Carl W. Scheele identifies citric acid.

French chemist Gaspard Monge liquefies sulfur dioxide, the first
substance normally known as a gas to be liquefied. cxrr

American physician John Jeffries flies a balloon over London to col-
lect air samples at various heights. rrrfll

French aeronaut Jean-pierre-Frangois Blanchard invents the para-
chute and he makes and survives the first jump. uril

American inventor and statesman Benjamin Franklin invents bifo-
cal lenses. rrD

Italian physician Domenico cotugno discovers cerebrospinal fluid,
the water cushion that protects the brain and spinal cord from
shock. ruD

British physicist George Arwood determines the acceleration of a
free-falling body. lrryr

Jean-Baptisre Meusnier designs the first powered balloon wirh a
crew cranking three propellers on a single shaft to enable the ellip-
tically shaped balloon to reach speeds of about J mph. rrql

1784

1784

1784

1784

1784

1784

r784

1784

1784

r784

1784

German-English astronomer William
mists or clouds on Mars.

Austrian mineralogist Franz Joseph
tellurium.

THE EIRST LOCOMOTIVE

he first working steam locomotive did not ntn on rails and carried,
no passengers. It was a model 14 inches high and I9,A inches
Iong, built in England in 1784 by William Murdoch, an employee

of scottish inventor James watt. The terrier-sized steam-driven mod,el ran
through the Etreets at sir to eight miles an hour, and, according to legend,
scared the villa"ge parson hal,f to death. A concerned. watt asked. Murdoch
not to conduct any more such experiments.

Twenty years later, in 1804, British inventor Richard Trevithichwas the
first to put a full-sized steam locomotive on rails. The result was far morg
tnJluenttal.
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1785 William Herschel theorizes that the Milky Way is a flattened system
of stars, or a galaxy. His estimates of the galaxy's diameter and

r785

scribes electromagnetic, gravitational, and other potentials. rtrro

Brit ish physician Wil l iam Withering describes the correct use of

digitalis to treat heart failure. ttD

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. Dfryt

For the f lrst t ime, in Nott inghamshire, England, a text i le plant is

powered by steam.

1786-t8OZ Will iam Herschel wil l publish three catalogs l isting 2,500 nebulae.
These will become the basis for the New General Catalogue (NGC) of
1964 and 1ggg. rllllo

1786 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 climbin$. urfll

The durable l inen-wool fabric cal led l insey-woolsey is developed

and popularized by American tradesmen. tlctl

A nail-making machine is invented and patented by Massachusetts

inventor Ezekiel Reed. rrcll

The first grain thresher that works by sandwiching $rain between a

moving cylinder and a curved metal sheet is invented by Scottish

agricultural engineer Andrew Meikle. trcll

English gunsmith Henry Nock invents a breech-loading musket. rrctl

Wi l l iam Herschel  d iscovers  T i tan ia  and Oberon,  two moons of

Uranus. rllo

French scientists Jacques-Alexandre-C6sar Charles ( in 1787) and

J o s e p h - L o u i s  G a y - L u s s a c  ( i n  1 8 0 2 )  r e d i s c o v e r  G u i l l a u m e

Amontons's forgotten 1699law that at constant pressure, al l  gases

expand by the same amount for a given rise in temperature. This

principle is now sometimes called Charles's law. crln

French chemist Antoine-Laurent Lavoisier and col leagues publish

The Method oJ Chemical Nomenclature, a systematic approach to

naming chemica l  substances and processes.  Th is  system soon
gains universal acceptance among chemists. ctrlm

thickness are overly conservative.

Pierre Simon de Laplace publishes

Spheroids and the Shape of Planets,

known as the Laplace equation. This

lllro

his Theory on the Attraction of
which contains what is now

partial differential equation de-

1785

1785

1785

1786

t786

1786

1786

1787

1787

1787

1 0 7



r 7a7

1787

1787

1787

1787

1 7 8 7

1 788

1 788

1788

1789

r789

slhe lndleJctcnf sfalc ol lllgficulfute olmcng ut dc,et nof
ptc,accd ltom e wcln? cl kno,wlodge mortcrly. ll lc lton our
havlng cuah quolnllfla,t ol lond fc weefc et wc plc,altc. ln

Europc Jhc cblcal b ]c meke fhc motl oJ lhclt land, lebot
bclng ebundenl; herc lt Is lo mekc thc ncl] c] ovt labot,
lend belng ebsndenJ.D-7lhomclt tcJlcltr,cn, Gommclnfing cn

Ameilaei fn Jloter on Vhglnlc, | 782

T H E  T I N E f T N E  B O O K  O F  S G T E I I C E

French chemist Claude-Louis Berthollet identifies the composition
of ammonia, hydrogen sulfide, and prussic acid. orrf,

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. p llo

Danish philologist Rasmus Christian Rask is born (d. tB3Z). tn addi-
tion to compiling the first usable Anglo-Saxon and Icelandic gram,
mars, he wil l publish important work on the relationships of the
Indo-European languages. roc

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, byJohn Fitch. rlctl

The processes of grinding grain and sifting flour are automated by
a system developed by U.S. invenror Oliver Evans, simplifying the
labor and time needed to produce bread. rrcrl

In a posthumous publication, Swedish mineralogist Torbern OIof
Bergman (d. 1784) presenrs tables of affinities marking the exrent
to which given chemicals interact, including predictions about reac-
tions as yet unobserved. cHrn

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. rwr

In his Analytical Mechantcs, Joseph-Louis Lagrange works out gener-
al equations through which algebra and calculus, rather than geom-
etry, can be used to solve mechanical problems. pflyt

German-Eng l ish  as t ronomer  Wi l l iam Hersche l  d iscovers  the
Saturnian moons Mimas and Enceladus. ^rrro

Herschel completes the world's then-largest telescope, a reflecting
telescope with a 48-inch mirror. rrrro
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1789 French botanist Antoine-Laurent de Jussieu is one of the frrst to at'
tempt sorting and assi$ning plants under a "natural" classification
system when he classifres them into natural families like grasses,

lilies, and palms. rlo

German chemist Martin Heinrich Klaproth discovers the elements
uranium and zircOniUm. Clllt

French chemist Claude-Louis Berthollet shows that, contrary to the

accepted belief, not all acids conain oxygen' clllr

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 re$ardless of physical or chemi-

cal changes. This law will eventually be revised by Einstein in his

1905 law of the conservation of mass-energy. crlt

1789

1789

1789

Kentucky ter-
rICH

Corn-based bourbon whiskey is first produced in the
ritory, by a minister named Elijah Crai$.

r789

1790 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.

1790 model of the 48-spindle water frame used by Samuel Slater in Rhode

Island. Smithsonian Ins titutton)
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william Herschel discovers planetary nebulae, sheils of gas sur-
rounding certain stars. rrrro

A French government commission including such scient ists as
Lagrange, Laplace, and Lavoisier begins to define rhe metric system
of measurement. nrc

British archaeologist John Frere finds srone toolb and the fossil re-
mains of extinct animals at Hoxne, Suffolk, England. Dlro

British minister william Gregor discovers the element titanium. crrr

German chemisr Jeremias Richter defines the principle of stoi-
chiomery, specifying the fixed relative proportions in which chem-
ical substances react. cliln

From Freiberg, German mineralogist A. G. werner publishes Neue
Theorie von den Enstehung der Gange, dealing with rhe formarion of
ore deposits, an extension of his theory on the origin of rocks. rrrnl

French physicist pierre prevost shows that cold is the absence of
heat and that all bodies radiate hear continuously. ,frv,

French author Donatien-Alphonse-Frangois de sade, better known
as the Marquis de Sade, pubtishes the novel.,/ustine, in which he de-
scribes the sexual grarification derived from inflicting pain on a
loved one, an abnormal sexuar pracrice later called ,.sadism.', rrvqr

The French National Assembly recommends making an arrempt to
standardize measuremenm 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 40 C. rrsr

The Mint of the United states opens, to produce coins based on a
decimal system. ilctr

American Eli whirney invents the corton gin, a cylindrical machine
that quickly separates cotron 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. rrctl
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Eli Whitney's patent for the cotton gin, 1794. (National Archives)

1 7 9 3

1 7 9 3

German botan is t  Chr is t ian Sprengel  (1750-1816)  descr ibes the
plant pollination process, emphasizing the influence of winds and
insects in cross-pollination. ro

Irish barrister and scientist Richard Kirwan attacks Scottish geolo-
gist James Hutton's uniformitafian (see 1795, Hutton) and vulcanist
ideas. Vulcanists, who also included Scottish philosopher William
Hami l ton (1788-1856)  and French geolog is t  N ico las Desmarest
(1725-1815), bel ieved that basalt ic rocks were the product of vol-

canic lava flow. l ltll

German physicist Ernst Chladni argues that meteorites are extrater-
restrial in origin. Ittto

1794
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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 carl Gustaf Mosander does so about
1843. crlr

Br i t i sh  chemis t  E l i zabeth  Fu lhame pub l ishes  her  Esscy  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). cllr

French mathematician Adrien-Marie Legendre publishes his highly
influential textbook Elements oJ Geometry, nril
Italian surgeon and anatomist Antonio scarpa describes certain vi-
tal parts of the human anaromy which wii l be named for him:
Scarpa's fascia,  Scarpa's f lu id,  Scarpa's femoral  t r iangle,  and
Scarpa's membrane and ganglion. frD
In the first military use of a balloon, Frenchman Jean-Marie coutelle
makes two observation flights over the enemy's camp. ilcrl
In Pennsylvania the Lancaster Road, a toll road, opens to join
Lancaster and its surrounding areas with the philadelphia area. rrqr
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. lro
In his Theory of the Earth sconish 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. rrrill
Between now and 1197, Mungo park becomes the first European
to explore the Niger River. rrrnl
French mathematician Gaspard Monge publishes Feuilles d.'analyse.
In this and his 1802 memoir with Jean-N.-p. Hacherre, he system-
atizes solid analytic geometry and elementary differential geometry
in what approximates their present state. These works include the
two Monge theorems.

German mathematician Carl
dently of Leonhard Euler, the
ber theory.

NAflI

Friedrich Gauss discovers, indepen-
law of quadratic reciprocity in num-

f, Ttl

German-Ausrrian physician Franz Joseph Gall begins writ ing on
phrenology, rhe_science of the mind. He claims rhat personality can
be judged by physical appearances, especiaily skull characteristics,
and argues that qualities such as honesty and depravity are directly
associated with bumps and ridges of the skull over specific brain

1795
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t 795 Sensory  psychophys io log is t  Erns t  He inr ich  Weber  i s  born  in
Wittenberg, Germany (d. 1,878). He will be the hrst to study touch
and kinesthesis, in elaborate experiments. He will also discover a
major psychophysical principle, which Gustav Fechner will identify

as Weber's law, that the just-noticeable increment in Stimulus inten'
sity is a constant fraction of the intensity already present. t YCll

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. rrctl

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. llitlo

ChemistJ. T. Lowitz isolates pure ethyl alcohol. clllt

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 provin$ impossibility. nail

British physician Edward Jenner inoculates the arm of ei$ht'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 infect ion had protecred him from smal lpox.  By 1823

Jenner's treatment will be practiced throu$hout the world, making

smatlpox the first disease to be conquered by vaccination. nrD

German astronomer Heinrich Wilhelm Olbers devises new meth-

ods for calculatin$ the parabolic orbits of comets. rtlro

French naturalist Georges Dagobert, Baron Cuvier, publishes his

Tableau dldmentaire de I'histoire naturelle des animaux, the founding
work of comparative anatomy. llo

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. llo

French chemist  Louis-Nicolas Vauquel in discovers the element
chromium Ctllf

Scottish geologist Sir James Hall pioneers work in high'pressure, high-

temperature mineralogly (later called experimental perology). l^rill
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British physician William Hyde Wollaston discovers uric acid, the
end product of purine metabolism, in gouty joints, l inking the
cause and effect of gout. ruD

While studying blood pressure, physician Jean Poiseuille formulates
laws governing the passage of fluids through narrow tubes. nfy.

Cigarettes, small cigars in paper wrappers, are produced in Cuba. rrol

French astronomer Pierre Simon de Laplace proposes the existence
of the objects later known as black holes. rrrlo

French chemist Vauquelin discovers the element beryllium. oiln

French chemist Louis-Bernard Guyton de Morveau succeeds in liq-
uefying ammonia, until then known only as a gas. oiln

British chemist Henry Cavendish determines the gravitational con-
stant, the only unknown to date in Newton's law of $ravitation, and
the mass and density of the earth. ilyf

Br i t ish physic ist  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. rrrvr

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. toc

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. rrql

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

1798
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A French soldier in Napoleon's army invading E$ypt discovers an
inscribed black stone near the town of Rosetta. The inscription on
this, the Rosetta Stone, is found to date to 197 e.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.

ogoldl;lttl Fcrtly acnfvrlct gezo do,wn uPcn lcu.E
-]lapstl6grn Bclnepatlct Ftcnah omPatcr and go,norsli

cn te,clng ]hc Arcct frtamldt oI Olze' | 799

r799 Wilhelm von Humboldt observes the Leonid meteor Shower, a peri-

odic event that will later (see 1866) be found to be associated with

a comet.

From now to 1825, Pierre Simon de Laplace's five-volume work

Celestial Mechanics is published, summarizing and extendin$ cur-

rent knowledge. Laplace shows that the solar system is stable, de-

spite periodic perturbations.

1 7 9 9 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. crrlt

The British Mineralogical Society is founded, lrrnl

In his dissertat ion at  Helmstedt,  German mathematic ian Car l
Friedrich Gauss gives the first ri$orous proof of what he calls the
"fundamental theorem of algebra." t ttl

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. Drtro

In Siberia a mammoth is found preserved in ice. ttuo

Brirish 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. P llo

French chemist Philippe Lebon pioneers the theory and practice of
gas lighting, using flammable gas derived from wood. rrcr

The first suspension bridge usin$ iron chains for support is built by
U.S. engineer James Finley. rrcrl

1799

r799

r799

1799

1799

1799

1799

1799
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THE GEOLOGIC TIME CHART

n 1799, English geologist William Smith noted that dilJerent strata, or
Iayers, of rock had their own characteristic Jossils, which turned up in
those layers and nowhere else. He suggested that the various strata oJ

rock, even when bent and interntpted by geologic pressures, could be iden-
ti,fied 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 oJ life. Pa.leontologists
have since named the intervals of prehistoric time, with their conternpora-
neou,s life forms, for the rock stratq. associated with them.

In the following chart, the intervals of geologic time are affanged in de-
scending order Jrom most recenf (top) to earliest (bottom). The columns

Jrom left to right indicate inueasingly subordinate units oJ time. Thus, the
Pleistocene epoch is one stq.ge of the Quaternary period, which in turn is a
phase oJ the Cenozoic era. The dates in the column at the Jar right indicate
in millions oJ 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.

Era Period

Cenozoic Quaternary

Tertiaiy

Mesozoic Cretaceous

Jurassic
. Triassic

Paleozoic Permian

Carboniferous

Devonian

Silurian

Ordovician

Cambrian

Precambrian

Epoch

Holocene
Pleistocene
Pliocene
Miocene
Oligocene
Eocene
Paleocene

MYA (Millions
of years ago)

.01
1 . 8

23
38
53
65

136
190
225
280
345
395
440
500
570

4,600
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German scientist Karl Friedrich Burdach introduces the word bioto-
gy for the study of the morphology, physiology, and psychology of
humans. In 1882 a broader definit ion is proposed .by Gottfried
Treviranus and Jean-Baptiste de Lamarck to include rhe srudy of life
in general. llo

French biologist Marie-Frangois-Xavier Bichat publishes a rreatise on
membranes in which he classifies tissues into twenty-one types. ro

English chemist william Nicholson construcrs his own electric bat-
tery and electrolyzes water, breaking it into its components hydro-
gen and oxygen. cfllr

German physic ist  Johann Wilhelm Rit ter  invenrs electroplat ing
when he passes a current through a copper sulfate solution. He also
discovers that water consists of two parts hydrogen to one part
oxygen.

British chemist Humphry Davy discovers nitrous oxide and its in-
toxicating effects. As laughing gas it will become the first chemical
anesthetic. cHln

British chemist William H. Wollaston develops a method for mak
ing platinum malleable. oilr

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. l^rilr

German physician Johann A. W. Hedenus is the first to perform a
thyroidectomy (remove a thyroid) for goiter trearment. f,rD

French and English chemists learn to purify water by chlorination. nrD

In Germany the Keuper fossil beds, dating from the late Triassic,
are described. r lro

In the Connecticut Val ley, Pl iny Moody f inds fossi l  footprints of
Triassic dinosaurs. For many years they will be thought to belong
to extinct birds. See 1848, Hitchcock: I 91 5, Lull. ratro

I
1800 \k- Studying the spectrum of sunlight, German-English astronomer

' \ William Herschel discovers infrared radiation, the first known form

c .  1800
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of radiation other than visible light. iltyt

German phys ic ian Ferd inand Autenre i th  invents  the "padded
room" for use with mental patients. pfyctr

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. ilctr

Jan. 1, 1801p Italian astronomer Giuseppe Piazzi discovers Ceres, the first known
asteroid. Carl Friedrich Gauss soon calculates its orbit. rttro
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French naturalist Jean-Baptiste de Lamarck begins to classify inver-
tebrates, constructing such divisions as crustaceans and echino'
derms. See also 1815, lamarck. ]o

English chemist Charles Hatchett discovers the element niobium,
which he calls columbium. trrf,

German mathematician Carl Friedrich Gauss publishes work on the
law of quadratic reciprocity and the theory of congruences. n^il

Gauss's Disquisitiones arithmeticae represents the beginning of
modern number theory. It contains the theory of quadratic congru-
ences, forms, and residues.

English physician Thomas Young gives the first description of visual
astigmatism, or eye surface discrepancy. nrD

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 speculares thar the
waves are longitudinal, like sound, rather than transverse, like wa-
ter.  Seventeen years later he wi l l  be proven wrong. See 1818,
Fresnel.

r80 r
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WHO'S IN A NAME

talian physicist Alessandro VoIta, inventor of the voltaic ceII (1800),
is one of a select groLry of scientists whose nameE have been memo-
rialized in units oJ measurement. Here are some other members oJ

that group.

Sciern;tist

Andr€ M. Arnpdre (1775-1856) ampere (A) Electric current
A.J. Angstrom (1814-1874) angstom (A) Smatl distance
A. H. Becquerel (1852-1908) becquerel (Bq) Radioactivity
Charles A. de C-aulomb (1756-1806) coulomb (C) Elecffic charge
Heinrich Hertz (1857-1894) hertz (Hz) Frequenry

James P. Joule (1818-1889) joule Q Energy
Isaac Newton (1642-1727) newton (N) Force
Georg S. Ohm (1789-1854) ohm 1{l) Electric resistance
Blaise Pascat (1623-1662) pascal (Pa) Pressure
Alessandro Volta (1745-1827) volt U) Electric potential

difference

James Watt (1756-1819) watt (W) Power

1 1 8



1 8 0 1  n

1  8 0 1

1 801

I  8 0 1

T l lE  t t tE r t i lE  BooK  oD  sc tE l t cE t80 r

German physicist Johann Wilhelm Ritter discovers ulcraviolet ra-
diation. HrY3

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. pt{yt

French physician and humanitarian Philippe Pinel strives to make
the treatment of the mentallv ill more humane. Dtyctl

The usual treatment for the mentally ill
letting, bathing, and purging.

asylums includes blood-
'JYCII

1 802

1802

1 802

Frenchman Joseph-Mar ie  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 1854), Charles
Babbage wil l  real ize that punched cards can control calculator
processes, preparing the way for the digital computer in the twenti-
eth century. rrcx

German-EnSlish astronomer Wil l iam Herschel discovers that the
two brightest stars in Castor are a binary star system. ^ttto

German astronomer Heinrich Wilhelm Olbers discovers Pallas, the
second asteroid to be identified. rsrlo

Swedish chemist Anders G. Ekeberg discovers the element tanta-
lum. cnrn

Scotr ish physician Sir Charles Bell  diagnoses Bell 's palsy, a one-
sided facial weakness or paralysis caused by compression of the fa-
cial nerve. ruD

French scientist Joseph-Louis Gay-Lussac demonstrates that the vol-
ume of a frxed mass of gas at constant pressure changes by a con-
stant fraction fof each degree of temperaure change. First noted
by Guil laume Amontons in 1699, this is now known as Charles's
law (see 1787) or Gay-Lussac's law. See also 1808, Gay-Lussac. Dmyr

Italian 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. rrcrr

The f irst photograph is produced by Brit ish physician Thomas
Wedgwood but fades quickly. He treats paper with silver nitrate to
hold the photographic impression. rtcrl

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. rtctr

c .  1802
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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. elrlo

Swedish chemist  J6ns Jakob Berzel ius,  Swedish mineralogist
Wilhelm Hisinger, and German chemist Martin H. Klaproth discov-
er the element cerium. orrn

British chemist Smithson Tennant discovers the element osmium. orn

British chemist William H. Wollaston discovers the elements palla-
dium and rhodium. criln

In his Essay on Static Chemistry, French chemist Claude-Louis
Berthollet shows that reaction rates depend on rhe quantities of rhe
reacting substances as well as their affiniiles. rrtrr

British meteorologist Luke Howard coins names for types of clouds,
including cumulus, cirrus, nimbus, and stratus. lrrrrr
French mathematician Lazare Carnot publishes Geometrie de posi-
tton, a work establishing him as cofounder (with Gaspard Monge;
see 1795) of modern pure geometry. n^rl

American physician James Conrad Otto describes the first clear ac-
count of hemophilia. ruD

English chemist John Dalton draws on existing evidence ro argue
that matter is made up of tiny particles called atoms, a word coined
by Democritus in 460 s.c. He establishes the concept of atomic
weight:different masses for the atoms of different elements-
though his preliminary tablq of atomic weights contains many er,
rors. See 1818, Berzelius. rrrvt

U.S. engineer Robert Fulton builds his firsr sream-powered ship.nor

Swiss botanist Nicolas-Th6odore de Saussure stresses the impor-
tance of soil nitrogen and carbon dioxide to green planrs. He also
demonstrates plants'capaciry to absopb water. ro

British chemisr Smithson Tennant discovers the element iridium. qrrn

In the first high-altitude research fl ight, French scientists Jean,
Baptiste Biot and J0seph-Louis Gay-Lussac ascend four miles in a bal-
loon to study the atmosphere and the earth's magnetic field. uril

Arnericans Meriwether Lewis and William Clark explore rhe region
known as the Louisiana Purchase, from the Mississippi River to the
Rocky Mountains, and push on west to the Pacific Ocean. rrrrrtl

Italian physician Antonio Scarpa describes arteriosclerosis as le-
sions coating the lining of arteries. nrD

French surgeon Ren€ la€nnec describes peritonitis, an inflamma-
tion of the membranes lining the abdomen. rtD

r20
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Simia Ursina, illustration from Alexander von Humboldt's Obserttattons
oJ Zoology and Comparative Zoology. (Bibliotheque Nationale, Paris)

I
t\

l8O4^iV The first steam locomotive to operate on a railroad, constructed by
D- \. , Brit ish inventor Richard trevithick, travels nearly ten miles and

b'l <(- 
ffilT achieves speeds of almost five miles per hour. rrol

1804 .r

1 805

1 805

The first foods to be vacuum packed are packaged by Nicolas
Appert at his factory in France. ilol

After twenry years of analyzing the proper motion of stars, William
Herschel shows that the sun, together with its planets, is moving
through the galaxy. rlrro

German explorer and botanist Alexander von Humboldt publishes
his Essai sur Ia geographie des plantes, about his five-year voyage to
the Americas, thus introducing plant geography. ro
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l 805 German marhematician Peter Gustav Lejeune Dirichlet is born
(d. 1859). He wil l show the value of applying analysis to number
theory and introduce Dirichlet's theorem and the Dirichlet series.
He wil l also contribute the Dirichlet principle to the calculus of
variations.

lOrgenla ahemltfi luil now b cnoagh tc drcvc ornc med. l]
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,n German pharmacist Friedrich Serrrirner extracts morphine from
opium and uses it to relieve pain. rlD

' French scientist Pierre Simon de Laplace proposes his theory of
capillary forces. rlrvt

German naturalist Johann Friedrich Blumenbach founds the science
of physical anrhropology. roc

The first covered bridge in America opens, over the Schuylkill River
in Pennsylvania. ilclr

Italian botanist Giovanni Amici determines the importance of inter-
cellular space for gas conduction in plants. lto

French chemist Louis-Nicolas Vauquelin discovers rhe compound as-
paragine, which will turn out to be the first known amino acid. . cnln

1806 *4.t 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. rrcrr

i British chemist Humphry Davy discovers the elements sodium and
potassium. cHim

Swedish chemist Jons 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. qln

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. orn
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President Thomas Jefferson and Treasury Secretary Albert Gallatin
to establish a Survey of the Coast.

The Geological Sociery 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. tlltr

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, rAlll

English physicist Thomas Youn$ introduces the physical concept of
ener$!: tllvf

Thomas Young develops the coefficients of elasticity of materials. tlrYl

The 1 33-foot S.S. Clermonf 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. ilclr

British chemist Humphry Davy discovers the elements barium, cal-
cium, magnesium, and strontium. crrn

Davy and French chemists Joseph-Louis Gay-Lussac and Louis-

Jacques Thenard discover the element boron. criln

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. tllYt

l BOS .u Srudying sunlight rhat has passed through a crystal of lcelandic
feldspar (see 1669, Bartholin), French physicist Etienne-Louis Malus
(1775-1812) discovers the polarization of light. tlrvt

1808 English chemist John Dalton publishes his New System oJ Chemical
Philosoptty, formalizing arguments for atomic theory he advanced
as early as 1805. tflYt

\
1809 **rj nrench zoologist Jean-Baptiste de Lamarck introduces the first sci-

, ,0 " ' "  en t i f i c  theory  on  how evo lu t ion  occurs ,  now known as
Lamarckism. According to him, offspring can inherit characteristics
or traits that their parents have acquired during the parents' life-
rime. This concept will later be discredited by Charles Darwin and

1807 J/
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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 rhe 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. ilo

American physician Ephraim McDowell successfulry, without anes-
thesia, removes a twenty-two-pound ovarian tumor. He will be con-
sidered the father of ovariotomy. rlD

The ftrst 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. rrol

The term morphology is introduced to describe the study of organic
form. It particularly concerns the unity underlying plant and animal
diversity. German naruralist and poet Johann wolfgang von Goethe
is among those to populanize the term. lto
French mathematician sophie Germain formulates Germain's theo-
rem. A step toward proving Fermat's Last Theorcm (see l60l), it
shows the impossibility of positive integral solutions to .trn + rn =
zn if x, y, and z are prime to each other and to n, where n is any
prime less than 100. nrfl
British chemi'st Humphry Davy is the first to identify chlorine as an
element. See also 1774, priestley and Scheele. crrr
French marhematician Joseph-Diez Gergonne begins publication of
the first private mathematical journal, Annales d,e math€matiques
pures et appliquees nrflr
Between now and 181 9, Austrian physician FranzJoseph Gail and his
student Johann spurzheim publish a five-volume work on phrenolo-
gy, which attempts to develop a perfecr knowledge of human narure
based on measurements of multipre species' skulls and brains. They
theorize that brain functions are localized in the cerebral cortex and
that the brain is a bundle of individual organs governing the moral,
sexual, and intellectual traits of human behavior. prycr

The differential gear, used to steer and turn carriages, is developed
by a German publisher, Rudolph Ackermann. ilctl
British inventor Peter Durand is issued a patent for an early version of
a tin-plated receptacle that proves to be che precursor to the can. rrcfr

German-English astronomer william Herschel theorizes that stars
originate in nebulae. ^trro
French chemist Bernard courtois discovers the element iodine.ctrrn

€.:
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fr' Italian physicist Amedeo Avo$adro formulates Avo$adro's hypothe-

. - sis, or Avogadro'S law, that equal volumes of al l  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' tfrYt

Massachusetts General Hospital is established in Boston. tlD

.t Scottish physician Charles Bell discovers spinal nerve functions,

which convey impulses to and from the spinal cord. t:o

Brit ish paleontologist Mary Anning discovers the f irst complete

ichthyosaur skeleton. trrlo

Scott ish physicist Sir David Brewster discoverb Brewster's law,

which says that the exrent of the polarization of light reflected from

a transparent surface is $reatest when the reflected ray is at right

angles io the refracted raY. trlYl

The S.S. New Orleans becomes the frrst steamship to traverse the

Mississippi River Valley, on a fourteen-day trip from Pittsburgh to

New Orleans. tlcll

N e w  Y o r k  c i t y  p l a n n i n g  o f f i c i a l s  a d o p t  t h e  s o - c a l l e d

Commissioners' Plan, requir in$ streets north of Union Square to be

aligned by a grid system, as in older Spanish cities. frcll

French botanist Augustin-Pyrame de Candolle is the first to use the

word taxonomy for classifrcation of species. lto

,q Boiling starch in water and Sulfuric acid, German-Russian chemist
' '  

Got t l ieb S iS ismund Constant in  K i rchhof f  d iscovers  g lucose.  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-

acrion possible. Swedish chemist Jdns Jakob Berzelius will call the

latter phenomenon catalysis. crln

French scientist and mathematician Pierre Simon de Laplace pub-

lishes significant work on analytic probability theory. t rll

,. French mathematician Simdon-Denis Poisson discovers the Poisson

equation in potential theory. n tH

French mathematician Jean-Victor Poncelet formulates the princi-

ple of continuity, or the principle of permanence of mathematical

relat ions, although i t  is not publ ished unti l  1862-1864. m nl

New york City's Bellevue Hospital is formally established. See also

17 j6 .  n lD
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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
inro Fossil Remains, the hrst major work of paleontology. Alrhough
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 wil l become known as cata-
strophism.

l8l2 bd French scientist Pierre Simon de Laplace posits a mechanistic mod-
't'* el of the universe-one in which the entire history of rhe universe

t8 t2

could theoretically be derived by knowing the mass, position, and
veloci ty of  every part ic le.  This idea wi l l  prevai l  unt i l  Werner
Heisenberg's uncertainty principle (see 1927) articulates the limits
of human knowledge of the physical universe. rrtyr

English chemist and physicist Will iam 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. rror

Swedish chemist Jdns Jakob Berzelius proposes a sysrem of chemi-
cal symbols that will be widely adopted: capital lerrers for atoms-
with lowercase letters to distinguish elements such as ca (calcium)
from Cl (Chlorine)-and, for compounds, combinations of these
symbols with appropriate lowercase numerals representing the
number of atoms in molecules (e.g., HrO for water). orr

London author Robert Bakewell publishes his influenriar Engrish ge-
ology textbook Introduction to Geology.Ir basically adheres to
Abraham G. Werner's ideas but reveals some of James Hutton's in-
fluence. trliltl

German physician Johann Peter Frank publishes the first compre-
hensive treatise on public health. His ciedo 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. rrD

American physician Thomas Sutton distinguishes between halluci-
na t ions  caused by  organ ic  b ra in  in f lammat ion  and de l i r ium
[remens, caused by alcohol addiction and withdrawal. rryctl

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
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Fraunhofer lines).
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1 8 1 4 French scient ists J.  J.  Col in 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. llo

Swedish chemist Jons Jakob Berzelius theorizes that compounds con-
sist of positively charged and negatively charged components. ctrn

A gas lighting works is erected in London. In it the gas filters out
from a central location to local $as mains. trctr

\
1814 -,S. fne first steam locomotive, developed by George Stephenson, to

f * transport coal through England, inaugurates the mass use of rail-
road t ranspor ta t ion .  The des ign  is  based on  the  1804 one o f

' 814 
f

Richard Trevithick. tlcll

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. ilcll

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.

r  8 1 5 Be tween  now  and  1822 ,  F rench  na tu ra l i s t  Jean -Bap t i s t e  de

Lamarck becomes the first to use the terms vertebrate and inverte-

brate .  Wi th  h is  seven-vo lume work,  the Natura l  H is tory  o f

Invertebrates,Lamarckfounds modern invertebrate biology. llo

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. clln

French scientist Joseph-Louis Gay-Lussac discovers the poisonous

gas cyanogen (CzNr), noting the extreme stabi l i ty of the cyano
group, the carbon'nitro$en combination, which is the first known

organic radical. cnrn

English chemist Wil l iam Prout advances Prout 's hypothesis, that

hydrogen is the fundamental atom out of which all other atoms are

made. This hypothesis wil l  appear to be disproven by the subse-

quent discovery of atomic wei$hts that are not exact multiples of

hydrogen's, though the later discovery of thermonuclear fusion will

show that Prout was partly right. crln

Engl ish mathemat ic ians Char les Babbage,  John Herschel ,  and

George Peacock found the Analytic Society to emphasize the ab-

stract nature of algebra and bring new continental developments in

1 8 1 5
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mathematics to Britain.
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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 rhem unattended
until the frghring ends.

william smith publishes The Geotogical Map oJ England, the first
book to classify rock strata on the basis of characteristic fossils. see
also 1799. ,tlro
French physicist Baron Augusrin Louis cauchy develops mathemati,
cal formulas for describing turbulence. rllvl
Macadam, a moisture-resistant road covering made of bits of stone,
is developed by Scotrish surveyorJohn McAdam.
French,marhematician sophie Germain develops a mathematical
model to calculate the vibration of elastic surfaces. il rrl
French physician Rene La€nnec invents the modern stethoscope.
He uses the term rales for the air sound in bronchii when they con-
flain secretions or are tightened by spasms. ruD
The celeripede, a two-wheeled forerunner of the modern bicycle, is
developed by French physicist Joseph Nicephore Niepce. ilql
French cherhists pierre-Joseph pel let ier  and Joseph-Bienaim6
Caventou isolate and name chlorophyll. rc
Hereford cattle are imported to America for the first t ime. The
hardy breed will become the most popular cattle in the wesrern
United States.

German chemist FriedrichStrohmeyer discovers the element cad-
qiln

lithium. oir
British physician James parkinson describes the shaking palsy now
called Parkinson's disease that is characteri zed by a slowly spread-
ing fine muscle tremor. rfD

August Arfwedson discovers the elemenr

Between now and 1818, American dentist Anthony

, 
duces the dental plate.

Plantson intro-

I [rD
ln The Principles of political Economy and Taxation, British econo,

"mist David Ricardo advances influential theories on the determina-
tion of wages and value. ,oc
French astronomer Jean-Louis pons discovers the comet with the
shortest known period (3.29 years), now called Encke's comet for
German asrronomerJohann Encke, who analyzes its orbir. flilro
swedish chemisr Jdns Jakob Berzerius discovers rhe element se-
lenium. 61ilr
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.ERA NIIENSTEIN'.S TEACHM.

hen Mary Shettey's novel Frankenstein was pubtished in

1818, chemistry seemed the most powerJul oJ sciences.

New elements were being discovered, the atomic and mole-

cular structure oJ matter was being analyzed, and the stulf of li"fe 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 woutd wish he had leJt alone. So she invented

Victor Frankenstein, who brought a nonliving creature of his own design

to liJe, providing grist Jor Juttte horror stories and a metaphor that still

haunts our conceptions of science. Here Franhenstein, a university stu-

dent, is transJixed by a lecfitre Jrom his chemistry teacher, Professor

Waldman:

'The ancient teachers of this science," said he [Waldman],
"promised impossibitities and performed nothing. The modern

tnasters promise very tittle: they know that metals cannot be

transmuted and that the elixir oJ life is a chimera. But these

phitosophers, whose hands seem only made to dabble in dirt, and

their eyes to pore oyer the microscope or crucible, have indeed

perJormed miracles. They penetrate into the recesses oJ nature

and show how she worhs in her hiding-places. rhey ascend into

the heavms: thEl have dtscovered how the blood' circulates, and

the nature oJ the air we breathe. They have acquired nav and al-

most unlimited powers; thEt cqn command the thunders oJ heav-

en, mimic the earthquahe, and even moch the invisible worldwith

its own shadows.

Such were the professor's words-rather let me say such the

word.s of the Jate-enounced to destroy me. As he went on I felt
as if my soul were grappling with a palpable enemy: one by one

the yarious keys were touched which formed the mechanism oJ

my being: chord after chordwas sounded' and soon my mind was

filled with one thought, one conception, one purpose- So much has

been done, exclaimed the soul oJ Frankenstein-more' far more,

wiU I achieve: treading in the steps already marked, I wiII pioneer

a new way, explore unknown powert and unJold to the world the

deepest rnysteries of creation.
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Berzelius publishes a table of aromic and morecular weighrs based
on some two thousand analyses of chemicals performed over ten
years. His tables are considerably more accurate than those of John
Dalton. See 18O3. clnr

American geologist Benjamin sil l iman establishes the American
Journal of science, through which he wil l gain an international
reputation. r lnl

French chemist Louis-Jac,gues Th6nard
ide, a mild antiseptic and germicide.

French chemists Joseph caventou and pierre pel let ier  isolate
strychnine. rrD

scot t i sh  phys ic ian  John cheyne and I r i sh  phys ic ian  w i l l i am
stokes describe a brearhing pattern often associated with im-
pending death: periods of no brearhing (apnea), followed by in-
creased respiration. rrD

In rhe 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. ,^tro

French physicist Augustin,Jean
verse, not longitudinal, wave,
thought.

hydrogen perox-
ttD

Fresnel argues that light is a trans-
as Thomas Young (see tgOt) had

rtlYf

1 8 1 9

1 8 1 9
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French chemists Pierre-Louis Dulong and Alexis-Therese petit show
that the specific heat of an element, the amount of heat required to
raise its temperature I o c, is inversely proportional to its atomic
weight. crilr

German chemist Eilhardt Mitscherlich states Mitscherlich's law. or
the law of isomorphism, that substances with the same crystal
structure have similar chemical formulae. crilr

Paris authorJ. F. d'Aubuisson de Voisins publishes the first success-
ful  French geology rextbook, which mainly fo l lows Abraham
Werner's theories. ttlt l

In New Haven, connecticut, the American Geological Society is
founded. lrlttr

In  works  pub l ished now and in  lg jT ,  French mathemar ican
Adrien-Marie Legendre develops several important tools of analy-
sis, including the Legendre functions, which are solutions of the
Legendre differential equation. r rrr

French chemists Joseph caventou and pierre pelletier isolate the
antimalarial substance quinine. f,rD

r  8 1 9
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Rome and Utica, New York, are joined in the opening of the hrst
part of the Erie Canal. The canal was two years in construction,
mainly by thousands of immigrants. rrql

The first transatlantic trip by sail/steamship is completed as the
U.S.S. Savannah travels from Georgia to Liverpool, England. ilal

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. llo

French mathematician Augustin Louis Cauchy develops the founda-
t i o n  o f  t h e  c a l c u l u s  a s  i t  i s  n o w  g e n e r a l l y  k n o w n '  U s i n g
d'Alembert's limit concept (see lZ60s) to dehne the derivative of a
function, he takes significant steps toward the arithmetization of
analysis. n^il

Between now and the 1840s, dur ing the age of  reform in the
United States, many poorhouses (almshouses) are built, frlled with

the poor and mentally ill. They are used as clinical laboratories for
medical students. rlD

The statu e Venus de Milo is discovered on the Greek island of
MeloS, llcll

English scientists John Herschel and Charles Babbage are among
the founding members of the Royal Astronomical Society. Itlto

The Royat Observatory at Cape Town is established to make obser-
vations in the Southern Hemisphere comparable with those made
at Greenwich. Itllo

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. oiln

Twenty-one-year-old American sealer Nathaniel Brown'Palmer is
the frrst to explore the Antarctic Peninsula. lrril

French chemists and physicians demonstrate the value of iodine in
treating goiter. tlD

The United States's first pharmacopeia is published. ntD

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
phys ic is ts  Andr6-Mar ie  Ampere  and Franqo is  Arago suppor t
Oersted's finding, establishing the concept of electromagnetism. tilv.

German physicist Joseph von Fraunhofer invents the diffraction
grating, a device composed of fine, closely spaced wires used in
producing light spectra. trrvl
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French physicist Andr€-Marie
solenoid acts like a bar magnet
it. He also states the right-hand
rent on a magnet.

Ampdre shows that a wire helix or
when electric current flows through
rule for the action of an electric cur-

tilYa

that iron is not the only
copper wire by passing

HtYa

C h r i s t o p h  S c h w e i g g e r
an instrument for measur-

Physicist Dominique-Frangois Arago shows
magnetic substance when he magnetizes a
electricity through it.

G e r m a n  p h y s i c i s t  J o h a n n  S a l o m o
(177 9-1857) invenrs the galvanomerer,
ing electric current.

Austrian chemist Johann Joseph I-oschmidt is born (d. t g95). He
will develop the practice of using single lines for single bonds, dou-
ble l ines for  double bonds, and so on. He wi l l  a lso carcurate
Avogadro's number (see 1865) and determine that the structures of
aromatic compounds contain a benzene ring. G|rlr

Anthropologist Gabriel de Mortiller is born in France (d. l ggg). He
will be the first ro disringuish 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 characterisric
stone tools, will include the Acheulian and the Mousterian. r uo

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 electrifred wires he shows that
electricity can produce motion.

Russian 'German phys ic is t  Thomas Johann seebeck nores the
Seebeck effect, which states that two different metals will generate
electr ici ty i f  their points of juncture are maintained at dif ferenr
temperatures. This is the first known example of thermoelectricity,
or electricity generated by temperature difference.

F r e n c h  l i n g u i s t  J e a n - F r a n q o i s  C h a m p o l l i o n  f o u n d s  m o d e r n
Egyptology when he deciphers rhe ancienr'Egyptian hieroglyphics
inscribed on the Rosetta Stone (see 1799). Alctl

English antiquarian wil l iam Bullock recovers relics and casts of
Aztec artifacts from Teotihuacdn and other sites in the Valley of
Mexico. llctl

After two centuries, the Roman Catholic church lifts its ban on the
works of Copernicus, Galileo, and Kepler. See also 1855. rrrro

William Daniel Congbeare and
of stratigraphy that becomes a
Congbeare and Phillips are rhe
period.

William Phillips publish a rexrbook
basic field manual for geologists.
first to identify the Carboniferous

rrrfll
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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. l rfll

French mathematician Jean-Victor Poncelet begins the study of pro-
jective geometry, which analyzes the shadows cast by $eometric fig-

ures, as a field separate from analytical and algebraic geometry. nArtl

Chemist Georges'Simon Serulas discovers iodoform and its antibac-
terial action' tlD

Jean-Baptisre-Julien d'Halloy identif ies the Cretaceous period of

earth's history. t lro

In his Analytical Theory of Heat, French mathematician Jean-
Bapriste-Joseph, Baron Fourier, applies his Fourier theorem (see

l8O7) to the study of heat f low. 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. DlrYf

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.

Brit ish engineer George Stephenson bui lds the f irst i ron rai lroad

bridge in the world. tlcll

In England, American inventor Wil l iam Church patents the f irst

typesetting machine, which combines automatic composition with

manual activity to set words and line length. rrcH

.1o,,- The frrst lasting photograph is produced by French physicist Joseph' L' 
Niepce. The photograph is made permanent throu$h the use of as-

' 
phaltum. trcll

German astronomer Joseph von Fraunhofer invents the first lensed

telescope to be mounted equatorially with a clock drive. rtrro

German chemist Johann Wolfgang Dobereiner discovers that pow'

dered platinum is an effective catalyst for hydrogen reactions. cxrn

British physicist Michael Faraday systematically uses cold and pres-

sure to liquefy gases, beginning with chlorine. C|llt

Exploring Nigeria overland, Scotsman Hugh Clapperton becomes

the first European to sight Lake Chad. urnl
^ t

t \2i  l ; ' ' - f  .  Brir ish physicist Wil l iam Sturgeon invents the electromagnet, a

i magnet powered by an electric current. rrcl

lg73 British inventor Francis Ronalds offers his electric telegraph system

to the military but is rejected. ilcll
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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. ilql

c.  1824 r  Swedish chemist  Jons Jakob Berzel ius discovers the element
silicon. oilf,

1824

1824

1824 t

t824

1824

1824
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1825

I 82sl

1824 V 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 Wohler. See also 1850, Berzelius. crrrf,

Norwegian mathematician Niels Henrik Abel shows that a general al-
gebraic solution for equations of the fifth degree (quintic equations,
those involving rt) is impossible . See also 1830, Galois. nril

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 ro be described,
though the term dinosaur will not be introduced until the time of
Richard Owen (see 1841). nrro

Irish mathematician William Rowan Hamilton stares the physical
principle that an object or collection of objects always moves in
such a way that the action has the least possible value. rnir

1824 M- French physicist Nicolas-Ldonard-Sadi Carnot publishes Reflections
V on the Motive Power of Fire, the first scientihc analysis of steam en-

gine efficiency. Carnot will be considered the founder of thermody.
namics, the srudy of the laws foverning the conversion of energy
from one form to another. ffi.
The Hartford (Connecticut) Retreat is founded for the humane rreat-
ment of mental illness. By the end of rhe century it will shift from
being an innovative curative institution to a custodial one. rrydl

Portland cement, a resilient water-resistant compound made from
a heated mixture of chalk and clay, is patented by British bricklayer
Joseph Aspdin. rlcil

The first round barn is built, by the Shakers in Hancock, New York.
Its design, with dividers thar form feeding srarions, will make it
popular with farmers of dairy livestock. rrtrl

Danish physicist Hans Christian Oersted discovers the element
aluminum. silx

British scientist Michael Faraday isolates benzene from whale oil. crrn

The full length of the 363-mile Erie Canal opens in New York Srare,
providing a link between the Hudson River and the Great Lakes and
sparking other canal projects.
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Excavation of the Erie Canal at Lockport, 1825.

t825
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French mathematician Augustin Louis Cauchy develops complex

function theory and introduces Cauchy's integral theorem with

residUes. n lrl

French physician Frangois Broussais (1772- 1838) bel ieves that the

body's vital functions depend on inf lammation or irr i tat ion. 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.

t82

1825 M French physician Jean-Baptiste Bouil laud is the first to clescribe
\'/+r aphasia, an inability or difficulty speaking, and link it to trauma in

1825

the brain's anterior lobe. nlD

Brit ish physician and paleontologist Gideon Mantel l  claims that
fossil teeth discovered in Tilgate Forest, England, belong to an ex-
tinct reptile, which he calls lguanodon, the second dinosaur to be
discovered. P rro

On a 27-mile line the first steam train passenger service is offered,
by the Stockton & Darl ington Railway in England. The f irst U.S.
passenger  l ine,  the Bal t imore & Ohio,  w i l l  beg in  to  be bu i l t  in
Marv land in  1828.
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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 twentierh centu-
ry will explain this paradox by showing that the universe is lumpy,
finite, and changing. rtrro

German-Russian embryologist Karl Ernsr 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. ro

French chemist Antoine-Jerome Balard discovers bromine. crtrr

French chemist Jean-Baptiste-Andre Dumas invents a technique for
measuring the vapor densities of substances that are not gases at
normal temperatures.

AN IGUANODON PROPER

inosaurs have bem part of popular culture since liJe-sized models
of Mesozoic animals were first exhibited at the Crystal Palace in
Sydenham, England, in 1854. The audiences floching to see the

movie Jurassic Park in 1993 were only the latest in a long tradition oJ di-
nosaur admirers. Butfa,v have tahen dinosaur mania closer to heart than the
British townJathers who embedded a dinosaur in their civic coat oJ arms.

The dinosaur was the iguanodon, a large, bipedal herbivore oJ the
Cretaceous period (156-65 million years ago). The second dinosaur to be
discovered (aJter the megalosaurus, in 1824), it was identifed in 1825 by
English pttysician and amateur paleontologist Gideon Mantell on the basis
of fossil teeth discovered in Tilgate Forest by his wife, Mary Ann. Then in
1854 ManteII identified a partial skeleton oJ the creature, which W. H.

Bensted had dug out of his quarry in Maidstone, Rent. Mantell acquired the

skeleton for his collection, but the town of Maidstone continued to feel a

sense oJ ownership, In 1949 the town fathers persuaded the Royal College
of Arms to let them show the dinosaur as a part oI 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 theretrom by a chain
Or a scroll oJ Parchment."
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Scott ish explorer Gordon Laing is the f i rst  European to v is i t
Timbuktu in Africa. rrril

Russian mathematician Nikolai lvanovich Lobachevsky publishes

the f i rst  non-Eucl idean 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

Jdnos Bolyai  wi l l  independent ly publ ish the same geometry in
1832. narr

German engineer August Leopold Crelle begins publication of the
in f luent ia l  per iod ica l  Journa l  f t ) r  d ie  re ine  und angewandte
Mathematik. talll

French mathematic ians Jean-Victor Poncelet  and Joseph-Diez
Gergonne independent ly discover the pr inciple of  dual i ty in
geometry. nailr

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.) r tll

Between now and 1857 cholera is pandemic-that is, epidemic at
the same time in many different parts of the world. tlD

The first commercially workable gas stove is developed by British
businessman James Sharp, who wi l l  begin to mass produce i t
twelve years later. trsl

Between now and 1839, American ornithologist and naturalist John
James Audubon (1785-1851) pubtishes his multivolume ornitholo-
gy collection, Birds of America, containing more than one thousand
paintings of bird life. ro

B r i t i s h  s c i e n t i s t  M i c h a e l  F a r a d a y  p u b l i s h e s  C h e m i c a l
Manipulation, a manual concerning disti l lption and other forms
of chemical processing. clllr

German mathematic ians A. F.  Mobius,  Jul ius PlUcker,  and Kar l
Wilhelm Feuerbach develop homogeneous coordinates. x rtl

British physician Richard Bright describes nephritis, a kidney dis-
ease which will be named for him. nlD

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. ruD

German physicist Georg Simon Ohm defines Ohm's law, that the
flow of current through a conductor is directly proportional to the po-
tential difference and inversely proportional to the resistance. arvt

1827 .l't*f
t '
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Great Horned Owls by John James Audubon . (New-York Historical Society)

Scottish botanist Robert Brown discovers the phenomenon called

Brownian mot ion,  the cont inuous random movement  o f  micro-

scopic solid particles when suspended in a fluid. PHYI

1827
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Ir ish mathematician and physicist Will iam Hamilton unifies the
study of optics and correctly predicts conical refraction in his
Theory of Systems of Rays. rfrYr

Public transportation begins in New York City with the inauguration
by Abraham Bower of a twelve-seat horsedrawn bus. fltrl

aRctcatch gc,vo )hc uncxpcalcd sotalf Jhal, by ccmblneflcrn
cl cyrenlc ecld vlltt atna,c,nlc,, uloe b lcrsmcd. A nolc*otfthy

Jc,af rflncc l] Jolnlthct en cxclmplo cJ the clfilfilalal prcduaflcln
oJ en otgenlc*lndood, e'ro,-celllcrd cnlmel-tabfiancc Jtolm
lnotgnlc malolflsbl'4til.dilah W6hlet, Oclsmen chlrmlel;

on hb qnJhctlt ol utoe, I g2a

18 i28  Af te r  c lass i fy ing  four  ma jor  vegera t ion  per iods  f rom the
Carboniferous to the Tertiary, French botanist Adolphe Brongniart
(1801-1876) sorts the plant kingdom into six classes: agamae, cel-
lu lar  cryptogams, vascular cryptogams, gymnosperms, mono-
cotyledonous angiosperms, and dicotyledonous angiosperms. ro

1828

Swedish chemist  Jons Jakob Berzel ius discovers the element
thorium. 61tln

German chemist Friedrich W6hler is rhe 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. qnr

English mathemarician George Green publishes the frrst arrempr ar
a mathematical theory of electromagnetism, his Essay on the
Application oJ Mathematical Analysis to Theories of Electricity and
Magnetism rrilt

The Cherohee 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. ilol

The blast  furnace is developed for use in i ron product ion by
Scottish inventorJames Beaumont Neilson. rrcrr

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 exrraction process that yields the cocoa but-
ter needed to bind the dry ingredients (sugar and cocoa powder) to-
gether.
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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. rrlil

Searching for Noah's ark in eastern
von Parrot scales Mount Ararat.

Turkey, German Johann Jacob

Scottish physicist William Nicol invents the Nicol prism, a device
for producing plane-polarized l ight (see 1815, Biot),  that makes pos-
sible the technique of polarimetry.

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.

French physicist Gaspard-Gustave de Coriolis coins the term kinetic
energy. DilYt

Scott ish phi losopher James Mi l l  publ ishes 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 basi-c elements of con'
sciousness and ideas. PIYCNI

American physicist Joseph Henry improves upon the electromagnet
invented by Will iam Sturgeon in 1823. By 1831 Henry's electro-
magnet can lift a ton of iron. r:cH

The Tom Thumb, developed by American entrepreneur Peter
Cooper, becomes the first U.S.-built locomotive. rrcl

Through an accidental discovery by French photographer Louis
Daguerre, silver iodide is found to be light sensitive. ttctl

The Tremont House, the first modern hotel, with private sleeping
quarters, opens in Boston. rrcrr

British scholar William Whewell coins the word scientist. ntsc

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. uo

British optician Joseph Jackson Lister invents the achromatic micro-
scope, which eliminates chromatic aberration, allowing the study of
fine detail in cells and bacteria. elo

Swedish chemist Nils G. Sefstrom discovers the elementvanadium.cntn
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1 830 Swedish chemist Jdns Jakob Berzelius coins the term isomerism to
describe compounds with identical chemical composition but- dif-
ferent molecular structures and properties. The phenomenon was
frrst noted by Berzelius and Joseph Gay-Lussac in 1824. cHrn

r 830

I 830

1 830

1 830

r 830

r 830
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t
c. 1830 $g Elie de Beaumont develops his influential doctrines on the origin of

r 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 sysEmes de montagnes. lrltll

zilcwll,dllyt ell lt lc,ckcd lol. s] thcrpt. lo buy lhc thlalg rcety
mede lc ]he leilc oJ ]hc deys fhoatcndt whc etc he,atokocpctt

buy Jhefu dlnno,rc ].e8 acc,kc,d.n-wllllem cobbert, po,llllacl
wrllcr1 on ]hc lcrte cJ domofila tklllc ;rncoallegcd by lhc

lndvtFlel tcvolufion; fn Rurcl Rldct, ,8gO

r 830 Br i t i sh  geo log is t  char les  Lye l l  beg ins  the  pub l icar ion  o f  h is
Principles oJ Geology (rhree volumes, t 8i0- tgii), 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. laliltl

Alexander Dallas Barche sets up the first u.s. magnetic observato-
ry, in the garden of his home in Philadelphia. rAlnl

French mathematician Ilvariste Galois invents group theory and
shows that no equation of any degree higher than the fourth can be
solved by algebraic merhods. His work goes unpublished unti l
1846. See also 1824, Abel. nrrll

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. rrrc

P. C. Schmerling finds stone tools, human skulls, and mammoth
bones buried together at a site in Belgium. rrrro

French tailor Barth6lemy Thimmonier invents the first single-thread
sewin$ machine. trqr

The T-rail, which will become standard equipment for rail lines, is
invented by Robert Livingston Stevens. ilctl

The world's firs[ platform scale, the Fairbanks scale, is developed
by American inventor Thaddeus Fairbanks. It operates through a
system of levers and sliding weights as counterbalances. rrcrl

I British botanist Robert Brown discovers the cell nucleus in plants. rlo

1 4 1



1 8 3 1

r 8 3 l r r r r  T rH t l r t rE  BooK  oF  f c t l l t c t

Cyrus Hall McCormick's reaper. (International Harttester)

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 wil l 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'
l ished in 1859.

American chemist Samuel Guthrie discovers the compound chloro-
form, which will gain wide use as an anesthetic. ctrrt

English geologist Adam Sedgwick engages in field work studying rock
succession and the structure of the mountains in North Wales. lrrdr

American meteorologist William Redfield publishes a chart of the
hurricane of 1821 , establishing the rotary motion of tropical storms
and identilying their region of ori$in and paths. rrrfll

English physicist Michael Faraday and American physicist Joseph
Henry independently discover that a changing magnetic force can
geneiate electricity, a process called electromagnetic induction. rrfit

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. llclr

Joseph Henry invents the electric motor, in which electric current is
used to turn a wheel. rlcll

French chemist Charles Sauria invents the first practical phosphorus
match, which lights by friction when struck on a rough surface. flcrr

The new London Brid$e, which replaces the 9OO-year-old original,
is opened to traffic across the Thames River. ilol
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l gi l {' Cast iron rhat can be molded into a variety of shapes is patenred by
(': 

U.S. inventor Seth BoYden. rtclr

lBSl  r  Amer ican farmer  Cyrus Hal l  McCormick develops and demon-

{, strates his horse-drawn reaper. Operating through a series of me-

"F 
chanical knives, claws, and a metal receptacle, it vastly improves

the efficiency of farming and will be used widely. ECrl

1g32 ' , British physicist Michael Faraday studies electrolysis, the production of
' achemical reaction by passing electric current through a liquid or solu-
' tion (an electrolVte), and describes the basic laws of electrolysis. clllt

r832

r832

t832

Irish physician Dominic Corri$an describes a full bounding pulse, now
known to be Corrigan's pulse, associated with heart disease. tlD

British physician Thomas Hodgkin desuibes a disease that enlarges
the lymph tissue, spleen, and liver. Now known as Hodgkin's dis-
ease, it comes to be classified under $eneral lymphomas' H:D

The first cholera outbreak in the United States is initially considered
to be the plight of the sinful, from irs concentration among immi-
grants and in impoverished big cit ies

THE RO M AN TIC M,\THEM ATICI AN

rench mathematical genius Evariste Galois (1811-1852) had a

short, tragic life befitting the age of romanticism. The son oJ a

mayor of a small town near Paris, he participated on the republi-

can side in the Revolution oJ 1830, was arrestedfor alleged threats against

Ring Louis Philippe, tried without success to get papers published by the

Academy, andfinally died at age twenty in a duel over a woman. The night

before the duel, fearing the worst, he wrote a letter to afriend summarizing

his discoveries in the theory of equations and asking that they be submitted

for comment to the era's leading mathematicians. "A"fter this," he wrote,

"there will be, I hope, some people who will find it to their advantage to de-

cipher all this mesE."

As it turned out, Galois's "mess" contained a uniJying theory of groups

that would prove crucial to modern algebra, geometry, and physics. Ihis

worh did not reach a wide audience until 1846, when most of Galois's pa-

pers were finally published in the Journal de mathematiques. Now consid-

ered a major figure in nineteenth-century mathematics, Galois fulfiIled the

romantic destiny oJ the hero who burns brightly but briefly.
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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. rJr€l

The first fully fashioned clipper ship, the Ann MCRim, is built in
Baltimore for local businessman Isaac McKim. ilql

German astronomer Friedrich Wilhelm Bessel completes a canlog
of fifty thousand stars begun in 1821.

The f i rs t  European magnet ic  observa tory  i s  es tab l i shed,  a t
Gottingen, Germany. rlilro

French chemist Anselme Payen isolates diastase, a plant enzyme
that speeds the conversion of starch into $lucose. It is the first
known organic catalyst that is not itself an organism. qrn

British mathematician Charles Babbage publishes On the Economy
of Machinery and ManuJactures, which presents an early form of op-
erations research. t il

American physician William Beaumont studies the reaction of the
stomach to food, l iquid, 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. ruD

British geologist Charles Lyell identifies new epochs to earth's histo-
ry: the Recent, Pliocene, Miocene, and Eocene, 

"lrro
English physicists Michael Faraday and Will iam Whewell coin a
number of terms related to electricity, includingelectrode, cathode,
anode, ion, cation, anion, elecffolyte, and electrolysis, tlilt

fr.\ ' ,
1Bi3 Xi American house construction is revolutionized by the development

of rhe 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. llcrl

For the first time, rollers rather than millstones are used to grind
grain in a practice introduced by a Swiss miller. rr€l

1833
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Danish scholar Christian Jorgensen Thomsen divides the history of
humanity into the Stone Age, the Bronze Age, and the Iron Age. rror

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 l519-1521
are composed of many individual stars. rfiro

French chemist Anselme Payen discovers cellulose, the main con-
stituent of the cell walls of higher plants. trrn

Mining engineer and geologisr J. Charpenrier advances the geologi-
cal understanding of glaciers with his paper Noti.ce sur Ia cause
probable du transport des blocs erratiques de la Suisse. rrril
W. H. Bensted and Gideon Manrell discover a paftial skeleton of lgnn-
odon in Maidstone, England (see also 1825). During this decade frve orh-
er dinosaur genera are discovered: Hylaeosaurus, Macrdontophion, The-
codontosaunn, Paleosaurus, and Plateosaunrc. tAtto

1834 German geologist Friedrich von Alberti introduces rhe Triassic
(threefold) system of dating fossils. The oldest and lowest rocks are
the Buntsandstein, with Muschelkalk rocks intermediate and Keuper
rocks the highest and youngesr. see also 1 780 and c. 1800. rrrro

1834 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.

1834

1834 {

1834

1834

1854

t855

German scholar J. F. Herbert describes psychologt, a term originally in-
troduced in 1734 by christian von wolff, as a science based on experi-
ence, mathematics, metaphysics, and possible experimentation. rlvol

English mathematician and invenror 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
completbd.

Hansom cabs ,  des igned by  Br i t i sh  a rch i tecr
Hansom, are used for passenger trade in London.

ilctl

Joseph Aloysius
llarl

Brail le, a sysrem of raised print for the blind, is developed by
French teacher Louis Braille, a blind man himself. rrql
A compression machine rhat cools water through a process of heat
absorption is introduced by American inventor jacob perkins. His
invention promotes further study of gas refrigeration. ilql
This year 's edi t ion of  the Roman cathol ic church's Index oJ
Prohibited Boohs is the first since the seventeenth century not to in-
clude the heliocentric works of copernicus, Galileo, and Keprer. The
decision to lift the ban was acrually made in 1g22. rfilo
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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. ro

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 -1 10o C, the lowest tem-
peraure yet reached on the earth's surface. c!iln

Swedish chemist Jdns Jakob Berzelius coins the term catalysis tor
the action of agents that aid a chemical reaction but are not affect-
ed by it. cmn

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. lllnr

Irish physician Robert Graves describes the thyroid condition called
Graves's disease. trD

German physician Theodor Schwann discovers pepsin, the chief
enzyme in gastric juice. ttD

English geologist Adam Sedgwick names the Cambrian period. t lto

Scottish geologist Roderick I. Murchison identif ies the Silurian
period.

Physicist Heinrich Lenz formulates
electric current always flows in such
change producing it.

Zinc-coated galvanized iron is developed in France. llctl

Bri t ish astronomer Francis Bai ly notes Baily 's beads, the bri$ht

spots along the moon's edge visible during a total eclipse. lltno

By use of a microscope, yeast is found to be a living organism. ilo

French chemist Auguste Laurent shows that a chlorine atom can be

substi tuted for a hydrogen atom in a compound without great

change in the compound's properties. clrlt

French mathemat ic ian Joseph L iouv i l le  founds the in f luent ia l

Journal de Mathdmatiques Pures et Appliquees. ntrl

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. tlcll

U.S. inventor Samuel Colt develops the Colt six-shooter revolver,

which in many incarnations over the years becomes a popular

firearm. rtcrl

trrlo

Lenz's law, that an induced
a direction as to oppose the

tflYl
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1837 .,h French mathematician Pierre Wantsel proves that doubling the

i*\ cube and trisecting the angle are impossible using the ancient
' 

Greek rutes of employing only a straightedge and compass for geo-
metric constructions. Similarly, squaring the circle is later shown to
be impossible.

French mathematician Sim€on Poisson discovers Poisson's law,
part of the theory of probability. ' r nl

The Cambridge MathematicalJournal is founded in England. r rrl

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. nrD

French surgeon MarieJean-Pierre Flourens discovers that the lower
portion of the brain stem, the medulla oblongata, is the body's res-
piratory center. ntD

1837 In England an electric telegraph is patented by scientists Charles

-A Wheatstone and William Fothergill Cooke. In the United States a

X> magnetic telegraph is patented by American inventor Samuel F. B.

V 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. rlcrl

The Pitman shorthand system, which translates phonetic sounds
and common phrases into stylized page markings, is developed by
Englishman Isaac Pitman.

1837 The first steam-powered thresher, more efficient than earlier ver-
sions, is patented by American inventors John and Hiram Pitts. ncr

\ , !
1858 -,',[. German astronomer Friedrich Wilhelm Bessel is the first to correctly

s'* 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
6l Cygni and deduce its distance, about eleven light-years. rrlrro

1838 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. crrn

I 858- 1839 French archaeologist Jacques Boucher de Perthes presents his rheo-
ry that unusual stone objects found near Abbeville, France, are
tools made by humans sometime before the Great Flood. rrtro

British physicist Michael Faraday discovers a phosphorescent glow
produced by electric discharges in low-pressure gases. rfryr

1 858
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experiment. toc

1838 A The first transatlantic crossing by ships powered entirely by steam

X| is completed by British ships the S.S. Sfrius and S.S. Great Western,
which travel from England to New York. ilctl

John Lloyd Stephens and Frederick Catherwood begin an expedi-
tion in which they will discover Mayan ruins in Copdn and other
sites in Central America. llcr

British astronomer Thomas Henderson makes a nearly correct esti'
mate of the distance of the star Alpha Centauri at 4.3 light-years
away. rlllo

Br i t ish natural ist  Char les Darwin publ ishes the journal  of  h is
1831-1856 voyage on the H.M.S. Beagle, See also 1851 and 1835. no

Swedish chemist Carl Gustaf Mosander discovers the rare earth ele-
ment lanthanum Cfltf

In a joint paper tit led "On the Physical Structure of Devonshire"
Adam Sedgwick and Roderick Murchison name the Devonian
period. t^lro

1859 French inventor Louis Daguerre introduces the first commercially
A

=/)-viable photographic process, the daguerreotype, in which a direct
,a\\ positive image is made on a silver'coated plate. rrcn

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. ilclr

U.S. inventor Isaac Babbitt invents the group of alloys known as

Babbitt metals used in making bearings. ilcrl

i  The f irst ful l- f ledged bicycle is bui l t  in Scotland by blacksmith

Kirkpatrick MacMillan. See also 1861 , velocipede. ilcrl

rHE  t r nE f l l r t  EooK  o ;  t c r r xc l

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." rtvol

American psychiatrist J. 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 mennl malady away from the patient's brain. riyol

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 r€al
("positive") knowledge is that which is gained by observation and
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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 sricky in warm weather and brittle in
cold. rrctl

At NineVeh, Iraq, British archaeologist Sir Austen Henry Layard be-
gins to excavate the remains of the clay tablet l ibrary of King
Assurban ipa l  o f  Assyr ia  (669-663 B.c . ) .  La ter  excavat ions  in
1852-1854 uncover parrs of the Epic of Gilgamesh, among orher
texts. See 1872. ^rctr

British naturalist charles Darwin earns a reputation as a geologist,
especially for his explanation of the formation of coral atolls. rrrfll

German-born Russian astronomer Friedrich wilhelm von Struve calcu-
lates the parallax of the star Vega, twenty,seven light-years away. rnro

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.

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 wa.s created that would revolutionize transportation,

public health, and everyday life. But credit Jor 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
findings in time to obtain thefirst patent.

Instead, the spoils for inventing vulcanized, rubber went to scientists and
entrepreneurs who used Goodyeor's experimentat findings. These included
Englishman Thomas Hancock, who refined Goodyear's worh and. received
the fi.rst British patent for durable rubber: and American surgeon Benjamin
Franklin Goodrich, who foresaw the myriad uses of rubber. beginning with
the rubber hose, and Jounded his own rubber-manufacruring business, the
B. F. Goodrich Co., in 1870.

Even when the Goodyear Tire and Rubber co. was founded in 1g9g by
Frank sieberling, it was in no way ffiliated with the inventor, a regular in
debtors' prison who had died in 1860 nearty one-halJ million dollars in debt.
In the case of the Goodyear Tire and Rubber co., onty the name was Goodyear.
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German-Swiss chemist Christian Friedrich Schonbein discovers
ozone, later ident i f ied as a form of oxygen by I r ish physical
chemist Thomas Andrews. onf

Philadelphia physicist A. D. Bache sets up an elaborate magnetic
observatory in a specially designed nonmagnetic building at Girard
College. ramr

Swiss zoologist and geologist Louis Agassiz advances his theory of
ice ages in his Ettrdes sur les glaciers, using evidence of glaciation in
Switzerland and other parts of Europe.

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. rttml

In Philadelphia the Association of American Geologists is formally
organized. lAtftl

British physicist James P. Joule formulates the first of Joule's laws,
-descr ib ing the heat produced when an electr ic current f lows
through resistance for a given time. Joule's second law states that,
for ideal gases, the internal energy of a gliven mass of gas is a func-
tion of temperature alone, not of volume or pressure. rttv3

French chemist Alexandre-Edmond Becquerel discovers that light can
stimulate chemical reactions that result in an electric discharge. ilil3

The term negative, referring to the reverse image created during the
photographic process, is coined by astronomer Sir F. W. Herschel. ncn

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. rrrro

Swiss embryologist Rudolf Albert von Kdlliker describes spermato-
zoa and provides evidence to support neuron theory. lto

-;! SweOish chemist Jdns Jakob Berzelius discovers allotropy, the exis-
tence of two or more different forms of an element, when he con-
verts charcoal into graphite, clrlt

Scottish missionary David Livingstone reaches Cape Town, then
moves northward, attempting to convert Africans, becoming the
first Westerner to explore the Kalahari Desert. rrril

English anatomist and paleontologist Richard Owen describes two
new genera of dinosaurs, Cladeidon and Cetiosaurus. truo

Richard Owen coins the name Dinosauria ("terrible lizard") for the
group of reptiles that includes Megalosaurus and lguanodon. t lro
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The first professional psychiarric association in the world, the
Association of Medical officers of Asylums and Hospitals for the
Insane, is founded in England.ln lg7l it wil l become known as the
Royal College of psychiatrists. ?tyel

American schoolteacher Dorothea Dix begins campaigning to re-
form the care of rhe mentally ill and poor in almshouses. Between
1841 and 1880 Dix is directly responsible for the crearion of thirty-
two new state insane asylums. pfyctl

scottish surgeon James Braid wifnesses demonstrations of mes-
merism. Initially skeptical, he eventually proves that this ..nervous
sleep" can be induced by having a patient f ixate on an object
placed above rhe 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 ir to the physio-
logical realm. ,rycll

Brit ish invenror wil l iam Henry Fox Talbor patents a new photo-
graphic process, which involves the making of a paper pegative
(the calotype) from which any number of paper positives can be
printgd. Talbor's calotype method, forerunner of modern photo-
graphic processes, will eventually supersede that of Louis Daguerre
in 1839. trcrl

In Paris, arc lights for streets are demonstrated. rtcll

The first usable breech-loading (rather than muzzle-loading) rifle,
the needle gun, is developed by prussian gunmaker . ;orrann
Nikolaus von Dreyse. rrcl

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. lrryr

American psychologist and philosopher wil l iam James 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-
care a pragmatic viewpoint on life and theology and struggle with
the issues of mental and emotional freedom. i*o of his most im-
portant works will be principles of psychology (1990) and, varieties
of Religious Erperience (1902). ;ryql

Heinrich Samuel schwabe discovers the sunspot cycle, a semiregu-
lar fluctuation in sunspot activity, later found to oicu, in periods of
eleven years. Artlo
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England's Rothamsted Exper imental  Stat ion is establ ished by
English agriculturalist John Lawes and chemist Joseph Henry Gilbert
for the study of wheat and other glrains. ro

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.

Irish mathematician William Hamilton invents a self-consistent al-
gebra of hypercomplex numbers, which he calls quaternions. ntrl

British mathematician Arthur Cayley works out the analytic geome-

try of three or more dimensions, which will be called n-dimensional
analytic geometry.

American physician and author Oliver Wendell Holmes reports that

childbed fever is contagious, but his peers scoff at the idea. nlD

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 asJ, 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. tfrYt

German physicist Julius Robert von Mayer discovers that heat and

mechanical work have a direct relarionship and are different forms

of energy. DfrYf

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. uYcll

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 disprovin$ the basic assumption

of phrenology. Despite this evidence, phrenology long persists as

a fad. rJYCll

British engineer Sir George Cayley designs, on paper, the first prac'

tical helicopter. llcNl

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. llclr

American farmer Jerome Increase Case develops the Case thresh-

ing machine, more efficient than earlier thresher designs. rtctl

U.S. shop apprentice Elias Howe,Jr., invents the interlocking-stitch
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Howe's sewing machine, the frrst patented lockstitch machine,
1 846. (Smithsonian Institution)

French sc ient is ts  Jean-Bapt is te  Bouss ingaul t  and Jean-Bapt is te
Dumas, experimenting with plant decomposit ion, prove that as
plants decompose their carbonic acid is reduced to carbon, water
to hydrogen, ammonium hydroxide to ammonium, and nitric acid
to nitrogen. l|o

British writer Robert chambers anonymously publish es vesti.ges oJ
the Natural History of creation a controversial work that promotes
the idea of biological evolut ion, inf luencing charles Darwin and
Alfred Wallace (see 1859, Darwin). rlo

Russian chemist Karl K. Klaus discovers the element ruthenium. cxrn

German mathematician Hermann Grassmann publishes his Theory
of Extension, in which he gives a detailed exposition of n-dimen-
sional vector space. rlrlf

Amyl nitrite, a drug later used to dilate blood vessels, is discovered. mro

The American Psychiatric Association is founded. p.yqr
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U.S. entrepreneur Henry Wells begins an express delivery service
between Buffalo and Detroit, beginning a company called Wells &
Co., which eventually develops inro Wells, Fargo &. Co. ilql

" German engineer Gottlob Keller pioneers the wood-pulp paper
process, which creates an inexpensive paper for periodicals. ilol

May 2ar S The first telegraph message, from Washington, D.C., to Balrimore,
1844 i,'\ Maryland, is transmitted. Sent by Samuel F. B. Morse to his assis-

tant Alfred Vail, it reads, "Whar hath God wrought!"

aWhaf helh Ac,d vtoughJlt-Sarmuol F. E. fl,cltrc ]o errllt|rlnf
Alfrcd L. Yell, qucrllng lhc Blblo Jilumbcln 23.2t1 ln lho llrrl
lcrlogtuph nrlrlmg;,, ecnl hon iltc Suptclnc Gciatl lccn oll,ltto

U.3. Ceplloil lc lhc lf,c,vnf Glelrc Sfrsllon cl ]hc Eal]lnclsc 3,
Ohlc Rlrl|nc,ad; Bcrlflmolrc, |f,atylclnd; lf,qV 21, I C11

English chemist Michael Faraday identif ies six "permanent gas-
es" that cannot be l iquefied with the then-current technology:
hydrogen, oxygen, nitrogen, carbon monoxide, methane, and ni-
tric oxide.

1845

German chemist Christian Friedrich Schdnbein discovers the explo-
sive nitrocellulose, or gun cotton. criln

British geologist Charles Lyell publishes ?"rcuels in North America,
on his recent invesrigations there. r ril

American gynecologist James Marion Sims (1813-1883) is the frrst
to surgically relieve a woman suffering from vesicovaginal fisrula,
an opening from the bladder into the vagina. Sims will later invent
the vaginal speculum.

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.

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
l ight polarization in crystals.

German psychiatr ist Wilhelm GriesinSer publ ishes his textbook
Mental Pathology and Therapeutics, a turning point in psychiatry

that shifts the center of the science from France to Germany. tttctl

The hydrau l ic  crane is  patented by Br i t ish  inventor  Wi l l iam

Armstrong. trcfl
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1845 -; The first cable suspe4sion aqueduct bridge, spanning the Allegheny

f 
'- River in Pittsburgh, Pennsylvania, is opened to traffic. The 162-foot

bridge is consttucted by German-American engineer John Augustus
Roebling. rrol

r846

rtho enlnel ltzno, Jholugh dofilnod lc fumil .c rlclny oilltot
cnd4 lt at e nechlno icrl poiloil lhen ]hc botl ccnfitvod

ttoe;,-onglneiltel lt, b aepeblo oJ r,cto vc* vllh ]ho
tclr,a oxpcndlluto sl ]sll.a-!sr,at ?tucc]l tcrulc,
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Bri t ish archaeologist  Henry Creswicke Rawl inson 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 s.c.). He works without knowing the
studies of German Georg F. Grotefend, whose 1802 translation of
cuneiform went unnoticed. lrol

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. rlCIl

German astronomer Johann Gott f r ied Gal le 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 Leverr ier  and Br i t ish mathematic ian John
Couch Adams, who are credited with the discovery. rtrlo

British astronomer William Lassell discovers Triton, a satellite of
Neptune. rrlro

Ainerican explorer and scientist James Dana publishes Zoophytes,
in which he classifies and describes rhe physiology and ecology of
hundreds of these invertebrate animals. Zoophytes include sea
anemones and sponges. to

New York professor Elias Loomis publishes the first synoptic weath-
er map. rrrml

British naturalist Edward Forbes, a pioneer in biogeography, main-
mins 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. tllnr

The Smithsonian Institution is founded in Washington, D.C., wlth a
bequest from British chemist and mineralogist James smithson. ruc
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American dentist Will iam 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.

French chemist Louis Pasteur studies the phenomenon of optical
activity, the abil ity of certain substances with asymmetric mole-
cules to rotate the plane of  p lane-polar ized l ight  as i t  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.

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. ?lrY3

German philosopher Theodor Waitz writes a fundamental psycholo-

gy book, Foundations oJ Psychology. PtYCrl

Boston machinist Elias Howe patents the first modern sewing ma-

chine. Powered bv a hand:driven wheel, i t  has a double-thread,

lockstitch system. tlclr

The Pennsylvania Railroad, eventually one of the nation's largest, is

chartered. trcn

A standard gauge for railroads is adopted in Britain. trcll

U .S .  manu fac tu re r  R i cha rd  Hoe  pa ten t s  h i s  r o ta r y ,  o r  " l i $h t -

n ing, "  press,  which pr in ts  more ef f ic ient ly  by be ing cy l inder-

rather than flatbed-driven. ltcll

American astronomer Maria Mitchel l  discovers a comet. She wil l

become the first woman member of the American Academy of Arts

a n d  S c i e n c e s  ( 1 8 4 8 )  a n d  t h e  A m e r i c a n  A s s o c i a t i o n  f o r  t h e

Advancement of Science (1850). ^ttro

German botanist Matrhias Jakob Schleiden and German zoologist

and botanist Theodor Schwann publish in Beitr\ge zur Plrytogenesis

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

1846

1846

1847

Oc t .  1 ,
1847

1847

the Schleiden-Schwann cell theory.
t

lg47 Sttalian chemist Ascanio Sobrero first produces the explosive nitro-
t r !  

G H t nv gtycenn.
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1847 German chemist Lambert Babo states Babo's law, that the vapor
pressure of a l iquid decreases with the addit ion of a solute, the
amount of the decrease being proportional to the quantiry of solute
dissolved.

1847 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.

uAtt ]he vailod Jorrmt ln iltc enlmel fiuaot ere
ncliltlng bul |nlenclotncd Gcll..E-thcodct gchvcnn,

Octnen phydologtsl, outllnlng Jhc undcrtylag p;|nalplc
cJ ]he acll iltcol he dovcrlop;ld vltlt torkcrb trfrefllhlolt

Schloilden; nlnclocnlh aenfttty
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English mathemarician Georgfe Boole publishes The Mathematical
Analysis of Logic, the founding work of Boolean argebra or symbolic
logic. In it Boole develops a set of symbols and algebraic manipula-
tions that express logical arguments. r nl

English inventor charles Babbage designs the first ophthalmoscope
with which to study the retina, but his invention is neglectea ana
Hermann von Helmholtz later receives the credit. see lgsl. rrD

The American Medical Associarion is established and holds its first
meeting in Philadelphia. nrD

Hungarian physician lgnaz P. semmelweis discovers that puerperal
sbpsis (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. rlD

1847 
*  

German phys ic is t  Hermann Ludwig Ferd inand von Helmhol tz
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 I g42) and
English physicist James p. Joule (in tg4Z) also conrribute ro the de-
velopment of this law.
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English-born American scientist John W. Draper discovers that all
materials begin to glow red at about 5250 C (9770 F) and change
color as the temperature rises until they finally glow white. trt

A process for cutting dressmaker patterns for use with the newly
invented sewing machine is developed by American tai lor
Ebenezer Butterick. tlcrl

The first adhesive postage stamps are used, in the United States. rrcn

NO EUCH THrNG AS A TlsE LUNCH

he first and second,Iaws of thermodynamics (the study oJ the in-
terrelation oJ energy; heat, and worh) are the bane oJ wishful
thinkers in all walhs of hfe. Thq can be expressed mathemattcal-

ly as physical principles, but from their initial formulation in the nine-
teenth century they have carried philosophical implications as weII.

The first law, credited to German physicist Hermann von Helmholtz in
1847, states that the total amount of energy in an isolated system does not
change. Also hnown as the law of the conservation oJ energy, it implies that
tJ you build a machine to turn a wheel, cool a room, or cooh a hamburger
you must draw olf the energy.from somewhere else. Put simply, there is no
such thing as afree lunch.

The second law, Jormulated by German physicist Rudol,f Clausius in
1850, states that the disorder of an isolated system (the unavaitability of
enerry to do useful work) increases with time or, at best, remains constant.
This law is also known as the law oJ entropy, a,fter a term Clausius coined

for a measure of a system's disorder. Another way oJ stating it is that
whenarcr worh tahes place, some enerry 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 Jrom its own pipes to heat more wa-
ter and mahe more steam-is in principle impossible. It also means that
the total disorder oJ the universe wiII inevitably become greater, not less.

A third law of thermodynamics, the law oJ absolute zero, was formulat-
edby German ptrysical chemist Walther H. Nernst in 1906. It states that all
bodies at absolute zero would have the same entrory, though absolute zero,
the sta.te 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 Jor 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.
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In the industrial regions of England a darkcolored 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. ip

French chemist Louis Pasteur notes that one form of tartaric acid
bends light to the left, the orher ro rhe righr. 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. rrlrn

New England theologian and geologist Edward B. Hitchcock pub-
lishes a study of fossil tracks he has collected in the Connecticut
Valley. He proposes rhat the tracks are those of exrinct birds, but
they will turn out to be those of dinosaurs. see also 1g00, Moody,
and 1915, Lul l .  r  r ro

French physicist Armand Hippolyte Louis Fizeau notes that the
Doppler effecr in lighr (see 1842) is best observed by moniroring
the changing positions of spectral lines, known as the Doppler-
Fizeau effect. Hryl

i4 British physicist william Thomson, later Lord Kelvin, theorizes that-t\ 
there is an absolute temperature, absolute zero, berow 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 -273.150 C, this scale is henceforth called the Kelvin

I 848

1 848

1 848

scale.

1849 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. r'lro

British physician Thomas Addison describes pernicious anemia. nro

Elizabeth Blackwell, America's first female physician, graduates
from Geneva College of Medicine in upstate New york. rtD

Brirish physicist William Thomson introduces the term
namlcs.

A safety pin is patented by American inventor walter Hunt. lrctl

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. 1131l

t849
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Beginning now, British mathematician James Joseph Sylvester coins
numerous mathematical terms that will become accepted, such as
syzyry, cogredient, invariant, covari.ant, and contravariant. raflr

A generation of social theorists who will be known as legalists, in-
cluding Leon 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. loc

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. rrrro

Irish engineer Robert Mallet coins the term seismology to refer to the
study of earthquakes and the earth's mechanical properties. ralil

British sanitarian Sir Edwin Chadwick establishes thar poverty and
s ickness  are  l inked,  In  h is  repor t  on  the  " labour ing  poor "  to
England's Poor Law Commission, Chadwick says eradicating dis-
ease is hopeless unless poverty is also eradicated. nrD

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. nlD

Building on experiments the previous year by French physicist
Armand-Hippolyte-Louis Fizeau, his assistant, Jean'Bernard'L6on
Foucault, determines the speed of light to within less than 1 per-
cent of its actual value. nil.

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. rrryl

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. rttvs

In Grimma, Saxony, German exper imental  psychologist  Georg
Elias Muller is born (d. 1934). His 1873 doctoral dissertation wil l
be the first empirical study on attenlion. 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. Muller will also intro-
duce the memory drum, a device for verbal recall used in learning
expenments.
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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. ilcrl

The Illinois 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. trcrr

British astronomer William Lassell
satellites of Uranus.

discovers Ariel and Umbriel. two
l'Iro

F r e n c h  p h y s i c i s t  J e a n - B e r n a r d - L d o n  F o u c a u l r  c o n s t r u c t s  a
pendulum exper iment that  demonstrates the rotat ion of  the
earth. trril|

German mathematician Georg Friedrich Bernhard Riemann writes;? his doctoral thesis on the the6ry of comprex functions, introducing
the cauchy-Riemann equations and laying rhe basis for the concept
of the Riemann surface, an important step in the development of
topology. mall

German surgeon Hermann von Helmhortz invents the ophthalmo-
scope, an instrument for examining the interior of the eye, inde-
pendently of Charles Babbage's version (see tg47). ntD

Ir ish-born Br i t ish physic ist  George Gabriel  stokes introduces a
mathematical  formula for  the fa l l  of  a smal l  body, such as a
droplet, through a fluid, like air. rrry,

English philosopher and economisr John stuart Mil l publishes his
Principles of Political Economy, which will be a basic economic rexr
for decades. ,oc

The crystal Palace, assembled from prefabricated elements, is built
to house the Grear Exhibition of lg51 in London. This huge enclo-
sure of glass and iron is a precursor to the glass and steel buildings
of modern architecture. r:ctl

\ The wet collodion process for deveroping photographs, which will
replace the Daguerreorype process, is developed by English archi-
tect Scott Archer. tlcrl

German scientist Hermann von Helmholtz determines the speed at
which messages travel along nerves. !rc

u.. English chemist Edward Frankland formulates the theory of va-
"'lF 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

1 6 1
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French physicist Jean-Bernard-Ldon Foucault invents the gyro-
scope. r rill

French mathematician Michel Chasles publishes Traitd de gdometrie
suptfuieure, which establishes the use of directed line segments in
pure geometry. n rr

The American Pharmacy Association is founded. nlD

German physician and physiologist Robert Remak shows that tis-
sue growth is due to cell division. ruD

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. iltv.

British physicist George Stokes gives the namefluorescmce to the glow
observed when an electric current passes through a partially evacuated
tube. This term will later be used for any visible light resultin$ from a
collision of matter and radiation rather than a rise in temperature. rtlYt

An oil distilled from coal tar, developed and sold by Boston drug
makers as coal oil, will eventually be known instead by the name
given it in 1855 by New York physician Abraham Gesner, herosene.
Among its uses are as a patent medicine and lamp oil.

On the Michigan Southern Railway, rhe first train successfully trav-
els from the East Coast to Chicago. ltcll

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 ratchbts, will become a
key factor in the proliferation of multistory buildings. ' t tql

French engineer  Henr i  Gi f fard  takes the f i rs t  d i r ig ib le  for  a

flight. rrctl

Italian chemist Stanislao Cannizzaro discovers the Cannizzaro reaction,
a reaction of aldehydes to yield carboxylic acids and alcohols. cllln

On Coral ReeJs 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. ltlfil

Mathematician William Shanks calculates pi to 7O7 decimal places,

though only the value to 527 places is correct. n il

-IWflrhln helf e ccnfttryt, msahlncry vlll pcrlotm ell wcirk-
esfomclfe wlll dltcci ]hcm. ?hc only |rlltkr cJ tho humen necc

wrtr br 1o 11fli1,:#*;,11i,bc 
hePPY'-

r 853

I 855

1853

162



t l t t  r rm l l t l t t  BooK  o !  EC l t l r c t r  433

rt; French physicist Jean-Bernard-Ldon Foucault shows rhat light trav-
els faster in air than in.water, a discovery that lends support to the
wave theory of light.

Scottish physicist William J. M. Rankine develops the concepr of po,
tential energy, or the energy stored in a body due to its position or
shape. rtfr.

British engineer George cayley designs and builds the firsr success-
ful manned glider. rrql

Swedish inventorJ. E. Lundstrom patents the safery match. ilqr

oArl tdo. All eclc, lodlcle end gonffronlln.-4l|rlhe (O)b,
il;,pplng hon hl: n;lvly lnvrrntcd ol;rvelot; ofifrr e
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German scient ist  Hermann von Helmholtz
death" of the universe, which he argues will
verse reaches a state of uniform femperature.

j Von Helmholtz posits that gravitational contraction is the source of
t:P the sun's heat. From this hypothesis Brit ish physicist wil l iam

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 19ig, when thermonuclear
fusion is proposed as the principal source of the sun's energy. rnro

British chemist Alexander w. williamson explains how a catalyst
works. See also 1835, Berzelius. qiln

while searching for an undersea path for the transatlantic cable,
u.s. oceanographer Matthew F. Maury discovers Tetegraph plateau,
a shallow section of the Atlantic ocean. This is the frrst importartt
physical discovery about the ocean floor. rrrrrrr

German mathematician Georg Riemann develops a non-Euclidean
geometry that resembles the geomerry for the surface of a sphere.
In his system all lines intersect and are hnite in length, and no two
lines are parallel.

Between now and the 1870s, Engl ish mathematic ians Arthur
cayley and James Joseph sylvester develop rhe argebra of forms,
or quantics, representing the beginning of the theory of algebraic
invariants. rrlil

German obstetrician Karl s. F. cred6 devises a rheans of excising
the placenta and uterine clots ro reduce the risk of hemorrhage fol-
Iowing childbirth.

predicts the "heat
result when the uni-

1854
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Spanish vocal instructor Manuel Garcia invents the modern laryn-
goscope, making otolaryngology-the sciences of the ear, nose,
and larynx-possible. mto

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. nlD

German bacter io logist  Paul  Ehr l ich is born in Strehlen, Si lesia
(d. lgt 5). 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. tlD

Bri t ish phi lanthropist  Florence Night ingale arr ives in Scutar i ,

Constantinople, with thirty-eight nurses to administer to the sick

and injured soldiers of the Crimean War (1854-1856). She wil l be-

come known as the founder of modern nursing and hospital sani-

tary reforms. tlD

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.

Life-sized models of dinosaurs are displayed publicly for the first

time, at the Crystal Palace, which has been moved from London
(see 1851) to Sydenham, England. pluo

English anatomist Richard Owen describes the first dinosaur found

in the Southern Hemisphete.  Massospondylus,  d iscovered in

Triassic deposits in the Red Beds of south Africa. tAlro

French psychopathologist Jules Baillarger is credited with the first

significant description of bipolar disorder, which he calls Ia folie a

double forme. For decades this disorder will be known as "circular

insanity" in English. DlYCll

American professor Benjamin Silliman effects a fractional distilla-

t i o n  o f  c r u d e  p e t r o l e u m ,  w h i c h  c r e a t e s  a  c l e a n ' b u r n i n g

Pennsylvania "rock-oil." The oil company Silliman forms with a co'

purtn"t .  wi l l  be one of  many such formed over the next few

decades. llcll

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 $eneral theory of

relativity. ^firo

Irish astronomer William Parsons observes the spiral structure of

$alaxies. 
^tlro
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A RIVffi.IN THE OCEAN

he first modern oceanogrq.pher was American naval officer
Matthew Fontqine Maury (1806-1873), who was assigned to the
depot of charts and instruments aJter 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 rtr$ tuxtbook of oceanogrqphy,Physical Geography of the Sea.

Maury is best known Jor his charting oI the GUIJ Stream. FiJty miles

wide at its start and moving qt an average speed oJ four miles per hour,

this powerful cunent annually propels warm water Jrom the Gulf oJ Mexico
to the North Atlantic. In Maury's words, "There is ariver in the oceqn."

Impressive as it is, the Gulf Stream is acfinlly one part of a larger circu-
lar movement of water generated by the Coriolis effect. From the North
Atlantic the current continues to flow clochwise in the eastward movement
known as the North Atlantic driJt. 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 bach to the Caribbeon, where the
cycle begins again.

1  855
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U.S. oceanographer Matthew Maury publishes Physical Geography
of the Sec, the ftrst textbook on oceanography. tatrrl

Brit ish physician Thomas Addison describes Addison's disease, a
syndrome re-sulring from a deficiency in adrenocortical hormone
secretion. ffiD

Scottish mathematician James Clerk Maxwell gives mathematical
expression to the physical concept of lines of force originated by
Michael Faraday in 1821. rlrY3

German physicist Heinrich Daniel Ruhmkorff invents the induction
coil that now bears his name. flrYg

British physicist William Thomson proposes a theory for transmit-
ting electrical signals through undersea cables, wtiich will be ap-
plied in constructing the first transarlantic cable.

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.

German inventor  Johann
Geissler tube, an improved

tlctl

Heinr ich Wi lhe lm Geiss ler  invents  the
device for producing vacuums. rrcrr
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Aluminum is produced for commercial use by French chemisc
Henri-Etienne Sainte'Claire Deville. rrql

r 855

r 856

1855 "t{ celluloid, the first man-made plastic, made from gun cotton and
t *camphor, is patented by British chemist Alexander Parkes. rrdr

A process for condensing milk is patented by an American, Gail
Borden. rr31l

British astronomer Norman Robert Pogson quantifres the old stellar
magnitude system devised by Hipparchus (see 100s e.c.), construcr-
ing ratios for the relative brightnesses of stars. ^rrro

c. 1856 French physiologist Claude Bernard discovers glycogen and its
function in the liver. and coins the term internal secretion. ro

I  856 German mathematician Karl Weierstrass becomes professor of
mathematics at the University of Berlin. Among his many contribu-
tions wil l be the discovery of analytic continuation and uniform
convergence. r nl

c. 1856 English epidemiologist William Budd proves that typhoid is a water-
borne disease. ruD

r 856 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.

1 856 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. r rro

I 856 * k Jotlunn C. Fuhrott discovers the first known skull of Neanderthal
'nI*. *"n, in the Neander Valley near Dusseldorf, 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. rlro

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. rrcl

Mauve, the f i rst  chemical  dye, is accidental ly discovered by
Brit ish chemistry student Will iam Henry Perkin. This dye is coal-
tar-based. trrrr

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

1 856
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in the United States.
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THE BOWLEGGED COSSACI(

t is now accepted that the fossils discovered in a cave in the Neander

Valley (Neander Thal in OId German) near Diisseldorf, Germany. in

1856 represent an extinct Jorm of early humanity. But that consensus

was not reachedfor decades. Neanderthal (or Neandertal) manfirst came to

Iight in a storm of controversy.

The fossil remains-a partial skull and some limb bones-were clearly
human, but they exhibited such unusual Jeatures as q heaty brow ridge, a
receding Jorehead and chin, large teeth, and bowed limb bones. Because re-
liabte methods of dating were not then available, it was qnyone's guess
how old the bones'were. Some suggested that the /ossils represented an
ear$t race oJ subhumans. but others believed they were those of a much
more recent but diseased individual. A conternporary German anatomist, F.
Mayer, proposed a specific date-1814,less thanfiJty years earlier. He the-
orized that the bones were those of a Cossach cavalryman who had desert-
ed the Russian army as it Jorced Napoleon to retreat qcroEE the Rhine that
year. The bowed legs supposedly came Jrom years of sltting in the saddle,
cornplicated by a childhood case oJ richets.

Charles Darwin's The Origin of Species, published three years later in
1859, intensified the controversy by supplying theoretical grounds Jor argu-
ing that humans had evolved Jrom earlier forms of life English biologist
Thomas H. Huxley and French anthropologist Pierre-Paul Broca both a*
vanced the viqw that Neanderthal man represented an extinct human Jorm.
As late as the 1870s, however, the German pathologist Rudol"f Virchow was
stitl claiming that the bones were those of a hapless, relatively recent individ-
ual who had been ffiicted with richets, head injuries, and severe arthritis.

It tooh the discovery oI several Jairly cornplete Neanderthal skeletons in
Spy, Belgium (1887), and La Chapelte-aux-Saints, France (1905), to make it
clear that the Neanderthals were a distinct people who had lived in Europe
from about 150,000 years ago to 35,000 years ago. Later discoveries showed
that thE) ha.d also lived in the Middle East, in such sites as Israel and Iraq.
Howarcr, controversy has Jollowed the Neanderthals even te the present day.
Though it is generally held that thE) were a subspecies lHomo sapiens nean-
derthalensis) oJ modern humanity, some scientists argue that thq were a dis-
tinct species (Homo neanderthalensis). And the mechanism of their extinc-
tion remains an open question: whether thqt evolved into modern humans (a
view not widely held), interbred with modern humans, or were wiped out by
modernhumans, either passively by cornpetition or actively by warfare.

' I I E  T I T E f I I I E  B O O K  O F  S C T E N C E r 8 t 6
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Scottish physicist James Clerk Maxwell shows rhat Saturn's rings
are not solid but are made up of discrete particles. rfilo

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. rtrrl

German physiologist Wilhelm Petters discovers acerone in diaberic
urine, implying that the pathology and rrearment of diaberes are
purely chemical problems.

German physicist Rudolf Clausius proposes a marhemarical founda-
tion for the kinetic theory of heat. ltvf

The frrst passenger elevator in a commercial building is put in use
in the E. G. Haughwort Store in downtown New York City. rtctl

Warren de la Rue of England invents the photoheliograph, a device
for photographing the sun.

French physiologist Claude Bernard discovers
vasoconstrictor nerves, which are responsible
dilating the blood vessels.

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. Gnrf,

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. crrn

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. rrtfll

British explorer John Hanning Speke reaches the largest lake in
Africa, Lake Victoria Nyanza. ln 1862 Speke will prove it to be one
of the principal sources of the Nile. rrrnl

The Geology of Pennsylvania, the finest geologic map of an
American state thus far, appears in print. rrrflr

English mathematician Arthur Cayley publishes an analysis of rhe
theory of transformations, representing the beginning of his study
of matrices. nlflr

the vasodilator and
for constricting and

lto
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fi The United Kingdom passes the Medical Act of 1858, establishing
the General Council of Medical Education to regulate and register
the medical profession and protect the public from unqualif ied
physicians. See also 1878, Dentists Act. rrD

nl nc longct IolJ any dc,ab] ilrel lhc lako el ny Jool gevc
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British surgeon Henry Gray publishes Gray's Anatomy, which be-
comes the standard anatomy textbook for more than a century. rrD

American Joseph Leidy describes a partial skeleton of the dinosaur
Hadrosaurus Joulhii, discovered by W. P. Foulke at Haddonfield,
New Jersey.

WHY DID GRAY MATTFR?

ritish anatomist Henry Gray's 1858 booh Anaromy, Descriptive
and Surgical wasn't the only anatomy booh on the marhet in the
mifunineteenth century. Ever since Aidreas Vesalius established

the modern subject oJ anatomy with De humani corporis fabrica in l54i
there had been numerous texts in the field. But the completeness, clarity,
and intelligibility oJ Gray's Anatomy have made it a lasting resource Jor
phy sicians and medical students.

The Philadelphia publishers Blancard and Lea, purchasers of the
American rights to Gray's booh in 1859, were rtght in beliaing thq had
their hands on the most understandable anatomy book to date, colleagues
praised Gray for the thoroughness of his dissections, the coherent literary
style oJ the text, and the innovative use of 36J illustrations drawn by Henry
Van Dyhe Carter.

Despite Gray's other wrttings on the development of the optic nerve and
retina, the human spleen, and the ductless (endocrtne) glands, thisfellow of
the Royal college oJ surgeons will probably always be remembered best for
the worh that begins, "The entire sheleton in the adult consists of 200 dis-
tinct bones."

r69



I t t t

r 858

T H I  t r n l f t i l r  t o o K  o F  t c l r l t c t

German pathologist Rudolf Virchow publishes what will be his mosr
famous work, Die Cellularpathologie, establishing the foundarion 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). ruD

German physicist Julius PlUcker 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.

The first usable two-tiered sleeping car is developed, by American cabi-
netmaker George M. Pullman for the Chicago d Alton Railroad. trql

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. trol

The first mechanically operated refrigerator, which cools through
the use of liquid ammonia, is invented by Frenchman Ferdinand
P. A. Carre. tlqr

The zinc-lidded Mason jar, which revolutionizes home canning, is
devised by American craftsman John Mason. trcn

The first transatlantic cable message is sent, from Queen Victoria to
U.S. PresidentJames Buchanan. The queen's message reads, "Glory

to God in the Highest, peace on earth, goodwill [o men." The cable
will fail in a few weeks and the first permanent one not be laid until
1866' ' 'ci l

British astronomer Richard Christopher Carringlton discovers the
differential rontion of the sun's equator and poles. ^nro

British naturalist Charles Darwin explains his theory of evolution by
natural selection in The Origin oJ Species. He ama,sses evidence to
show that species are modifted 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 eventually will be accepted by scientists. llo

German chemists Robert  Wi lhelm tsunsen 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

t tu * t
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the sun and stars.
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British physician Alfred Garrod (1819-t907) is the first to clearly
distinguish between osteoarthritis (marked by cartilage destruction
in joints, and spur formation), and rheumatoid arthritis, which is
characterized by joinm swelling, deformity, and inflammation. rt

German psychologist Moritz l-azarus and German philologist Hey-
mann steinthal found the frrst comparative psychology journal. rrvcrl

I 859

1 7 1

THE ORIGIN OFSPECIES

n 1859, British naturalist Charles Darwin published The Origin of
Species by Means of Natural Selection, the controver.sial booh that
introduced the theory oJ evolution by narural selectton as an explana-

tion for the history of IiJe. Meticulously documented and argaed. the booh
was scientifically rigorous but aimed at the general readqr. Though some-
times hard to fotlow through the thicket of supporting examples drawn

Irom plant and animal life, its calm, reasoned prose occasionally approach-
es quiet grandeur. Nowhere is this more true than in its Jamous closing
paragraph:

It is interesting to contemplate an entangled bank, clothed with
many plants of many hinds, 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 Jorms, so diffirent Jrom each other, and dependent on
each other tn so complex a manner, have all been produced by
Iaws acting around us. These laws, tahen in the largest sense, be-
ing Growth with Reproduction: Inheritance which is almost im-
plied by reproduction: Variability lrom the indirect and direct ac-
tion of the external conditions of life, andfrom use and disuse: a
Ratio oJ Increase so high as to lead to a StruggleJor LiJe, and as a
consequence to Natural Selection, entail ing Divergence oJ
Character and the Extinction of less-imptroved forms. Ihus, Irom
the war oJ nature, Jromfamine and death, the most exalted object
whichwe are capable oJ conceiving, namely, the production oJ the
higher animals, directly follows. There is grandeur in this view of
life, with its sarcral powers, having been originally breathed into
afew forms or into one: and that, whilst this planet has gone cy-
cling on according to the fixed law of grav,ity, .from so simple a
beginning endless forms most beautiJul and most wonderJul have
been, and are being, evolved.
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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-
i ng  gases ,  such  as  Boy le ' s  l aw  (1662 ) ,  can  be  deduced  f r om
Maxwell's theory. Fry3

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
Sef-Instrucfor. 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. nYcrr

Scott ish physician Lockhart Robinson begins using wet sheets to
treat mental illness. In this method a cold, wet sheet is wrapped
around a patient's naked body to conrol agitation. This "wet pack"
will be used into the twentieth century, until the advent of antipsy-
chotic drugs in the 1950s. F YCrr

French anthropologist and surgeon Pierre-Paul Broca founds the
Societ6 d'Anthropologie. toc

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.

railway conductor Edwin L. Drake drills sixty-nine feet
ground at Titusvi l le, Pennsylvania, to produce the f irst
oil well. tlctl

1860 
M,TT,

battery.

In  the ear ly  par t  o f  the decade,  Amer ican exper imenter  L .  M.
Rutherford devises a telescopic lens system optically designed to

take photos-in effect a camera with a telescope as a lens. tttro

Glass goggles hrst come into use for underwater exploration. trcH

physicist Gaston Plantd invents a rechargeable storage bat-
this time he also invents the first workable electric storage

tlctl

Many notable scientists, including especial ly the Swiss-American

Louis Agassiz, criticize Charles Darwin and the evolutionary theory

he presented in his Origin of Species. A$assiz claims, for instance,

that each species has been separately-and divinely-created. llo

German chemist  Rober t  Bunsen and German phys ic is t  Gustav

Kirchhoff discover the elements cesium and rubidium. crlm
I 860
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By now, French chemist Pierre-Eugdne-Marcelin Berthelot has syn-
thesized a number of organic compounds in the laboratory, includ-
ing some that do not occur in l iv ing t issue, disproving the idea that
only living tissue can produce organic compounds. cnrn

A conference in Karlsruhe, Germany, on the sffucture of organic
molecules is the f irst international scienti f ic meeting, organized
chiefly by German chemist Friedrich August Kekule von Stradonitz.
At the conference, I tal ian chemist Stanislao Cannizzaro urges his
fel low col leagues 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 dif[erent gases. ctrlr

French physician Georges Hayes begins his studies on platelets, rhe
smallest cellular elements of the blood, and is the first to accurately
count them. Platelets wil l  prove important in the diagnosis and
treatment of many immunological diseases. nlD

Dutch ophthalmologist Frans Donders introduces the use of glasses
to correct visual astigmatism. mlD

r 860
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Oil Derricks at Pit Hole, Pennsylvania. (American Petroleum Institute)
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T h e  f i r s t  n u r s e - t r a i n i n g  s c h o o l  i s  e s t a b l i s h e d  b y  F l o r e n c e
Nightingale ar London's Sr. Thomas Hospital. nrD

German physicist Gustav Kirchhoff hypothesizes that a black body,
iior a body that absorbs all incoming light, will emit all wavelengths

of light when heated. lttt

Scott ish physic ist  James Clerk 'Maxwel l  and Austr ian physic ist
Ludwig Eduard Boltzmann independently develop the Maxwell-
Boltzmann statistics analyzing the statistical behavior of molecules
inagas. \ tttvr

Samuel Archer King and Will iam Black become the first aerial
photographers when they take two photographs of Boston from a
balloon. tlsl

Belgian inventor Jean-Joseph Etienne Lenoir patents 
'an 

early inter-
nal combustion engine. A more efficidnt engine will be created by
Nikolaus Otto in 1876. ttol

The first Winchester repeating rifle is put into production in the
united States. trqr

The Pony Express begins operation maSrsporting mail by relay
teams on horseback between Missouri and California. ilclr

Linoleum, a linseed-oil-based hard floor covering, is developed by
British inventor Frederick Walton. tlctl

German physicist Gustav Kirchhoff shows that the composition of
the sun can be determined by spectral analysis. Ltro

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, Felix Dujardin, Jan Purkinje, and Hugo
von Mohl. According to Schultze, a cell's most basic components
are its nucleus and protoplasm. llo

Br i t ish physic ist  Sir  Wi l l iam Crookes discovers the element
thallium. c||ln

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. qrr

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. .rln

American surgeon Gordon Buck introduces the wei$ht'and-pulley
apparatus since called Buck's traction to use with orthopedic

tlDpatients.

1 861
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American gynecologist James Marion Sims develops a merhod for
the surgical removal of the cervix and describes vaginismus, or
painfulvaginal spasms. rlD

French physician Prosper Meniere describes the type of vertigo and
progressive deafness associated with the ear that is now known as
MeniOre's disease.

861v
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1862

1863

Quarry  workers  in  So lnhofen ,  Germany,  unear th  a  foss i l  o f
Archaeopteryr. 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. Archaeopteryr flourished
during the Jurassic period, about 150 million years ago. rrtlo

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 sysrematic mapping of areas of the brain and
their functions, a fundamental concept in brain surgery. rrycx

The velocipede, or bicycle, is developed by Parisian transportation
designer Pierre Michaux. See also 1859, MacMillan. rrcrl

The multiround, rapid-firing Garling gun
engineer Richard Jordan Gatling.

developed by American
ndl

steelmaking is streamlined with the developmenr of the open-hearth
process, invented independently by French engineer pierre Emile
Martin and German-born British inventor William Siemens. ilGtl

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 Tubingen. lto

charles Darwin writes in detail on cross-fertilization, including in-
sects' role in the process, in his Fertilization of Orchids. llo

German botanist Julius von sachs establishes that plant starch results
from photosynthesis with carbon dioxide absorbed from the air. rro
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 radioactiviry in 1898 shows that the earrh
possesses a source of internal heat unknown to Thomson. rrtil

$ rr"n.h chemist Louis pasreur publishes a paper supporting rhe/ \ germ theory of disease. His own discoveries will later provide fur-
ther evidence (see 1880). ruD

, .; British astronomer william Huggins argues from stellar spectra that
'i\. stars are composed of the same elements that exist on earth. rfiro
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German mineralogists Ferdinand Reich and Theodor Richter dis-
cover the element indium. G|rrr

British chemist John Alexander Reina Newlands makes a list of ele-
ments in order of their atomic weight, claiming to find a law of oc-
taves governing the properties of the elements, a claim later dis-
credited. clrr

German chemist Adolf von Baeyer
parent compound of barbiturates.

barbituric acid, the
cxln

Irish physicisr John Tyndall discovers the greenhbuse 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. rrrrH

British scientist Francis Galton publishes Meteorographica, which in-
troduces modern weather-mapping cechniques and the concept of
anticyclones, or high-pressure areas of the atmosphere, rrrnr

Br i t ish geophysic ist  Augustus Love discovers the phenomenon
called the Love wave, a rype of earthquake. His subsequent re-
search allows geologists to measure the thickness of the earth's
crust' rarnr

J.  D. Dana wri tes his Manual of  Geology, an essent ia l  text  of
American geology for four decades. r ril

Dutch ophthalmologist Herman Snellen develops the Snellen eye
chart to test sharpness of vision. tlD

French bacteriologist Louis Pasteur develops the process of partial
l i ,heat steri l ization now called pasteurization that pr€vents wine

spoilage. It will later be used with milk and beer. nlD

Swiss humanitarian Jean-Henri Dunant establishes a relief society
in Geneva that wil l eventuallv evolve into the International Red
cross' trD

The U.S. Congress gives the Nat ional  Academy of  Sciences in
Washington, D.C., its charter to advise the government on issues
concerning science and technology. nrc

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. t^lro

The London Underground, the first subsurface public railway, is
+ opened. rrctr

r863

176



t r rE  r r n t r r l r r  t oo t (  oF  Sc t tHC t |  8 6 3

1867 ) rr: Granula (not Granola), the first cold breakfast food, made of baked
ry ? graham, is introduced to the public by American sanitarium opera-

tor James Caleb Jackson.

43clonac b nclhlng bu? ltellrl,od elnd crtgenlzcd Gomtncn
tcnr,e, dfibrtng hom lhc lefict only ea t vcJcrtsn aq dlJJor

fron e r'cflu t',atvlls end fit molho,dt dlJfict hon ]lnto ce
Gcrrr,lr,c,n tontc cnl7 et Jar ec lho gaetdsnentt arr] elnd ]htst]
dlllet fton fhc mennot ln whlah e tevegc wlcldt hb alsb.o

-Jhc,ntet ll. Haxloy, Cngllth blcloglsl;
lslo nlnolc,clnlh aclnfrtty

1864 *,rF,

1864

The distance of the earth from the sun is calculated as 91 million
miles, close to the actual value of 92.96 million miles. rr;rro

In his Principles oJ Biology (1864, t867), English philosopher
Herbert spencer coins the term survival of the fittesf to describe a
way of understanding Darwin's theory of natural selection. Spencer
will also suggest that the concept implies that rhe weakest, most
useless members of sociery should be allowed to die off. lo

Louis Pasteur proves that microorganisms exist in the atmosphere
and are not spontaneously generated. mD

In an effort to cut down the spread of syphilis, England passes rhe
contagious Diseases Act, requiring compulsory medical exams and
registration of all prostitutes in towns and seaports where military
personnel are housed.

Influential German sociologisr Max weber is born (d. lgzo). He will
develop methodologies for cross-cultural studies and argue that so-
ciology should be value free.'See 1904.

Americans George M. Pullman and Benjamin Field patent the de-
sign for a sleeping car, the Pioneer, with convertible berths. ilcrl

a, l  whi le daydreaming about a snake coi l ing in on i tself ,  German'jr 
chemist Friedrich August Kekule von stradonitz discovers the ring
structure of the benzene molecule. qf,n

l865Rd Austrian chemist Johann Joseph Loschmidt calculates the number
Afl,,, of molecules in one mole of a gas. The number, which has the ap.

:Jt, proximate value 6 x roz3, is called Avogadro's number or, later, the

1864

1864-1867

1864

1864

I  865

Avogadro constant. From this number the
atoms can be calculated.

mass of molecules and
clfit

the United
TtlT

Construction of the Union Pacific Railroad begins in
States.

1 865
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Pullman car, 1876, exterior and interior. (New Yorh" Public Library)
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British artist turned mountaineer Edward Whymper reaches the top
of the Matterhorn in the Alps. rArfll

German mathe inat ic ian August  Ferd inand Mobius invents  the
Mobius strip, a ribbon of paper with only one edge and one side.
This  invent ion is  one of  the founding events  o f  topo logy,  rhe
branch of geometry concerned with the properties of objects that
are not changed by continuous deformations such as stretching
and twisting.

1 865 French physiologist Claude Bernard marks a medical erhics mile-
stone when he concludes that medical experiments can be permis-
sible and even obligatory. He displays no inrerest in the informed
consent issue. rlD

After studying Louis Pasteur's theories on bacteria, English physi-
cian Joseph Lister successfully uses carbolic acid as a surgical anti,
septic. This antiseptic will forever change the survival rate and safe-
ty of surgery, as gangrene and suppuration (pus formation) are re-
markablv reduced.

1 865 *'h* Scottish mathematician and physicist James Clerk Maxwell formu-
i.r.. 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 thar light is electro-
magnetic in nature. These equations represent the first theoretical
unification of physical phenomena. Hty,

1865 British anthropologist Edward B. Tylor publishes his Early History of
Manhind. toc

1865 A desi$n and production system to manufacture the interchange-

tb 
& able parts of rif les is developed by American machinists Francis

! Asbury Pratt and Amos Whitney. The two found their industrial fac-
tory, Pratt &. Whitney, rhis year. tlcll

1865 j. American inventor Linus Yale patencs che cype of cylinder lock'2 called the Yale lock that will become popular for both commercial
and residential use. rrcH

1865 A compression ice-making machine is devised by American inven-
tor Thaddeus Sobieski Coulincourt Lowe. It will be useful in devel-
oping refrigeration tech nology.

U.s. astronomer Daniel Kirkwood discovers the gaps now known
as Kirkwood gaps in the distriburion of asreroids. The uneven spac-
ing is caused by the influence of Jupiter's gravity. ^rrro

1 2 ,
g
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THE ELECTRO MAGN ETIC EPECTRUM

ince the publication of James Clerh Maxwell's equations describing
electromagnetism in 1865, scientists have come to understand the

full range of wavelengths over which electromagnetic radiation ac-
tends. Visible light is only one narrow part of this electromagnetic spec-
trum. The spectrum of radiation, Jrom longest to shortest wavelengths, is
asfollows:

Type

Radio

Infrared

Visible light

Ultraviolet

X-ray

Gammarays

Wavelength (Meters)

1d- Io-'
10-3-10-6

10"
1[7-10-e

10-'-I0-"

10-" - 10-'o

These varieties of radiation share a common waye structure of crests
(high points) and toughs (low points). fhqt dffir only in the length oJ their

waves or, to put it another way, their frequency, the number of times per

second a waye passes a given point. Wavelength andJrequenq) are inversely

proportional: that is, long waves have low frequencies, short waves highJre-
quencies. Frequenqt is also a reflection of energy IneI. The highest-Jrequen-

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 (inJrared andradio) nre 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.

r  8 6 6
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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 $enes, 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-

sfood that Mendel's genes are the material acted upon by natural

selection in Darwin's theory of evolution. llo

German biologist Ernst Haeckel is first to use the word ecology. llot866
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1866 ,".- 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 wilr later be considered oversrated, foiembryonic
development is far more complex. ro

"' French geologist Gabriel-Auguste Daubr6e proposes the existence
of an iron and nickel core at the center of the earth. rarfll
F. Zirkel publishes Lerbuch der petrography, a texrbook on perrology
notable for including an accounr of H. c. sorby's technique for ei-
amining thin sections of rock with a polarizing microscope. rerilr

1866-1867 British scientist Thomas H. Huxley names two Triassic dinosaurs
from South Africa, Eushelosaurus and orosaurus. ,lrro

l  866

I 866
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German physicist August Kundt designs Kundt's
measure rhe speed of sound in different fluids.

tube, a device to
tlctl

CHOLERA AND GOD'S WLL

he u.s. cholera epidemics of tgs2, tg4g, and, Ig66 hilted tens of
thousands of Americans in several cities. It is now hnown that

t cholera is spread through contaminatedfood, contact with ffiicr
ed persons, and, particularly, impure drinhing water. It is also recognized.
that education about disease prevention and, a supply of safe drinking wa-
ter is the best detenent to the spread. of the disease.

But it was not until Ig66 that pubtic health agencies lihe New york
city's Metropolitan Board of Health began to use new sanitation stand,ards
and education to stem the spread of the disease.

It was not until 1gg3 that the vibfio comma bacterium that causes
choler a w as discov er e d.

BeJore then, most Americans saw cholera as a God-given retributionfor
moral Jailure. It was divine punishment for a ti"fe not lived. in adherence to
religious belieJs and upright behavior. comments in newspapers like this
August 1849 scioto Gazetre .from chiilicothe, ohio, are representative of
that belief in divineforce as a ceuse oJ the spread, of the disease.

The Almighty conducts the order oJ providence by rure-.ruIes
that are alihe at all times and abiding. who however shall set
bounds to the physical and. the moral-'and pretend. rc reu 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?
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The frrst usable dynamo-electrical machine or dynamo, which al-

lows for the mass gener4tion of electricity, is developed by Ernst

Werner von Siemens. rr€l

Dynamite is developed by Swedish engineer Al f red Bernhard

Nobel. The new compound is a mixture of nitroglycerin and di-

atomaceous earth. rrar

American merchant Cyrus West Field lays the first permanent

transatlantic telegraph cable. See also 1854, Maury. llcll

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' ro

Norwegian chemists Cato Maximilian Guldberg and Peter Waage

formulite 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' 'trf

British gynecologist John Braxton Hicks describes the painless uterine

contracrions in pregnancy that come to be called false labor. nlD

British physician sir Thomas Allbutt introduces the modern clinical

thermometer. n|D

German social philosopher Karl Marx publishes Das Rapital, which

his colleague Friedrich Engels frnishes editing after Marx's death in

1883. The work is a systematic exposition of the economic and po-

lifical philosophy now known as Marxism, which places class strug'

gle at the cent", of history and predicts the overthrow of the capi-

t-alist class by the exploited working class. Marx's work strongly in-

fluences economics, political science, and sociology amon$ other

fields.

French engineer Georges Leclanch6 invents the dry cell, an electric

b a t t e r y e m p | o y i n g a c h e m i c a l p a s t e r a t h e r t h a n f l u i d s . l | o |

The safety boi ler ,  which reduces explosions, is patented by

Arnerican engineers George Babcock and stephen wilcox. In the

same year the two found the company Babcock 6. wilcox. trcll

The first U.S. steam-operated elevated railway opens in New York

city. trc|l

British astronomer Sir William Huggins uses the Doppler-Fizeau ef-

fect (see 1848) to calculate that the star sirius is movin$ away from

us at twenty-nine miles per second, a relatively close estimate' rtilro

Italian astronamer Pietro Angelo Secchi completes the first spectro-

scopic catalog, of about four thousand stars' ^tlro

",f,

182



tHE  t r

1 868

I 868

1 868

1 868

1 868

1 868

1 868

1 8 6 8  I
" t$f

I 869

1869

Mar. 6, *fr.
1869 . .

Dec. 1869 .,
i }

1 869
T

t E l t l t E  B O O K  O !  S G t E l t G E  r a 6 8

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, rro

French asronomer Pierre-Jules-C6sar Janssen and Br i t ish as-
tronomer Joseph Norman Lockyer discover the element helium. See
also 1895, Ramsay. orlr

French paleontologist Edouard-Armand-lsidore-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. r llo

Brit ish physician Sir Will iam Gull becomes the first ro describe
anorexia nervosa, an eating disorder characterized by self-starva-
tion. p3yctl

American George West inghouse invents the West inghouse air
brake, which will be crucial to more efficient train travel. ln 1872
he will introduce the automatic air brake. rrctl

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. ilcrl

Tungsten steel, harder than other types, is developed by English
metallurgist Robert Forester Mushet. rrctr

The typewri ter  is  patented by American inventors Chr istopher
Sholes, Carlos G. Glidden, and Samuel W. Soule. ln 1874, it will be
produced in quantity by the Remington Fire Arms Co. rrcn

English naturalist and zoologist Alfred Russel Wallace publishes ?"he
Malay Archipelago: The Land oJ the Orangutan and the Bird oJ
Paradise. In it, he points our thar 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 sti l l  called Wallace's l ine. This discovery
marks the foundation of biogeography. to

French botanist  Jules Raul in proves that z inc is crucial  to the
growth of the plant Aspergillus. lro

Russian chemist Dmitry Ivanovich Mendeleyev publishes the peri-
odic table of the elements. clln

Modern medicine's firsr demonsrrarion of free skin grafring is done 4 DD
in Paris. nlD

Irish physical chemist Thomas Andrews suggesrs that every gas has
a critical temperarure above which it cannot be turned into liquid
by an increase in pressure alone. ilryl
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Irish physicist John Tyndall discovers the Tyndall effect, a charac'
teristic scattering of light through a medium containin$ small parti'

cles. The effect accounts for the blueness of the sky and the red-
ness of sunsets.

British scientist Francis Galton publishes Hereditary Genius, con-

cerning the famil ial  tendency to inherit  br i l l iance. He wil l  pioneer

the use of statistics in psycholo$ical measurement. DtYCrr

The 1O3-mile-long Suez Canal opens for use, unit ing the Gulf of

Suez on the south with the Mediterranean Sea via the Red Sea.

Trade and travel become far less onerous. flcll

Margarine, an oil-based butter Substitute, is produced commercially

for the first time by Frenchman Hippolyte Mege-Mouries. ilcll

The U.S.  t ranscont inenta l  ra i l road is  completed on May 10 at

Promontory  Poin t ,  Utah.  There 1 ,006 mi les  o f  l ine bu i l t  by  the

Union Pacifrc Railway from Omaha, Nebraska, joins 680 miles bui l t

by the Central Pacific Railway from Sacramento, California. ilcll

German mathematician Georg Ferdinand Cantor establ ishes the

theory of sets (or Mengenlehre, aggregates) as a distinct field of re-

search and develops an arithmetic of transfrnite numbers' tltll

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. F lro

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. DrlYt

German archaeolo$ist Alexander Conze classif ies chronolo$ical

styles of pottery, providing a key to dating of strata. alcll

English biologist Alfred Wallace publishes Contr ibutions to the

rhiory of Natural selection and American biolo$ist Edward cope

publishes Systematic Arrangement of the Extinct Bactrachia, Reptilia'

and Aves of North America. Both publ ications provide addit ional

support for the theory of evolution. llo

The U.S. Weather Bureau is established, largely due to the efforts of

meteorologist Cleveland Abbe. urfll

Ge rman  su rgeon  F r i ed r i ch  T rende lenbu rg  beg ins  pos i t i on ing

surgery patients on their backs with the pelvis elevated and the

tread downward at an angle. This Trendelenburg's posit ion wil l

come in to  common use in  abdominal  surgery  and to  combat

I 870s
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1 870 The passage of pure food laws in western
cause of preventive medicine.

1 8 7 l '

Europe advances the

1870
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Drawing on his studies of the Seneca people, American anthropolo-
gist Lewis Henry Morgan correlates kinship terminology with cul-
tural traditions of marriage and descent. loc

English machinists william Hillman and James Kemp Starley parenr
a light, all-metal bicycle. See also 18i9, MacMillan. rrcrl

A rotary press capable of printing rwo sides of a page at once is de-
veloped by U.S. inventor Richard Hoe. rrcrr

The first personal mechanical can opener, using a moving wheel to
cut meral, is developed by American inventor william Lyman. rrcr

L / German archaeologist Heinrich Schliemann begins excavating a hill
t};' called Hissarlik in Turkey and discovers the ruins of ancient Troy,t the legendary site of Homer's lliad". ^lctl

Russian chemist Dmitry Mendeleyev predicts the properties of three
V, elements missing from his periodic table-eka-boron, eka-aluminum,

and eka-silicon. His predictions later prove to be correct. crilr

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. cxrr

Harvard University supports American physiologisr Henry pickering
Bowditch in esrabl ishing the f irsr u.s. physiology laboratory. He
wil l  become known for chi ldhood-growth investigations that wi l l
determine that growth is dependent on good nurrition and arrested
development can be a signal of disease. rtD

charles Darwin publ ishes The Descent of Man, and selection in
Relation to sex, in which he extends his theory of narural 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. , rro

Brit ish scientist wi l l iam crawford wil l iamson publishes a series
of papers describing fossi l  planrs found in coal deposirs in north-
ern England.  Th is  work  proves a major  cont r ibut ion to  pa leo-
botany research. p lro

British anthropologist Edward B. Tylor publishes primitive culture,
in which he discusses animistic religion and develops methods for
making cultural comparisons. ,oG

From clay tablets discovered at Nineveh (see lg40s), English ar-
chaeolog is t  George smi th  dec iphers  the Epic  o f  Gi tgamesh,  a
Sumerian story that may date back to as early as 2500 n.c. ^lol
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The Ebers papyrus (see 1600 e.c.) is discovered in the ruins of
Thebes, Egypt. It becomes important for its documentation of an-
cient Egyptian medicine. nctl

Studying the star Vega, U.S. astronomer Henry Draper becomes the
first to photograph a stellar spectrum. rtilro

IBTZ / German botanist Ferdinand J. Cohn founds the science of bacte-

"^-- riology. no

French biology professor Henri de Lacaze-Duthiers establishes a
"Laboratory of  Exper imental  Zoology,"  the Roscoff  Biological

Station, at Roscoff, Brittany. lro

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." rrrnl

r872

1872

1872

1872
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stt b ]he outlomenl lelc oJ now |rrulltt to bcgln at hcrtolslcir
grnd lo ond at tupot1/ilfig1ni.r-fl1o711ret ll. llvy;ley, Engllth

blolcgltl; lelc nlncrlccnlAt ac,nlcty

tgTZ-1876 The Chattenger expedition, a cooperative effort of the Admiralty

and the Royal society, voyages a total of 68,890 miles, making 492

deep soundings and 135 dredgings, The scope and thoroughness of

this research makes the expedition a milestone in the history of

oceanograPhY' ralffi

tgTZ American Ferdinand Hayden has the Yellowstone re-gion declared

the first U.S. national park, marking the beginning of the national

park movement. rAril

American geologist John Wesley Powell begins systematically sur-

veying the canyon country of Colorado. rarill

Contributions are made to the arithmetization of analysis by sever-

al  mathematic ians,  including Frenchman H. c.  R. Meray and

Germans Karl weierstrass, H. E. Heine, Georg Cantor, and J. w. R.

Dedekind. nail

German mathematician J. W. R. Dedekind introduces the so-called

Dedekind cut, with which irrational numbers can be defined- n il

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. ttlll

The f i rst  U.S. nursing school  is  founded, at  New York Ci ty 's

Bellevue HosPital. ttD
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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 wentieth cenury. ruD

American physic ian George Sumner Hunt ington descr ibes rhe
hereditary neurological disease char acterized by grotesque grimaces
and dementia that is now known as Huntington's chorea. Drvol

German aviator Paul Haenlein flies in the frrst dirigible to be pow-
. ered by an inrernal combustion engine, fueled by coal gas from the

supporting bag. ilql

e Brit ish asrronomer Richard Anthony proctor argues that lunar
craters were formed by meteoric impact. Afiro

+ The occurrence of mitosis-mitotic nuclear division-in cells is rec-' - ognized for the first time. llo
Italian histologist camillo Golgi introduces cellular staining wirh silver
salcs. The network of membranous vesicles in the cell known as the
Golgi appararus is revealed for the first time with this sraining. uo
British scientisr walter Bagehot publishes physics and politics, ap-
plying the theory of natural selection ro the rise and fall of human
customs and institutions. rro
The Internarional Meteorological organization is founded. rrrnl
German mineralologist Ferdinand Zirkel and German geologist Karl
Rosenbusch simulraneously but independently publish similar trea-
tises on microscopical petrography, thus laylng rhe foundations of
the field.

French mathematician charles Hermite identifies the first proven
transcendental  number:  e,  equal  to 2.71g2g.. .  Transcendental
numbers are those that are not algebraic, meaning they cannot
serve as solutions to any conceivable polynomial equation. n^il
Dutch physicist Johannes Diderik van der waals modifies existing
gas laws, observing that only perfect gases (rhose 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 foltow the existing laws, but van der waals in,
troduces the more accurate van der waals equation of srate that is
especially useful at extremes of temperature and pressure. rrvl
The magnetic effect of electric convection is observed
physicist Henry Augustus Rowland.

The world 's f i rst  cable-car streetcar begins operat ion,
Francisco.

In France the perfume industry is simplified with discoveries of a
process to extract floral essences. rrctr

1873
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JUST YOU WAry IfrNRY sWffiT

11 he insulJerable Henry Higgins in George Bernard Shaw's I9I2

I play Pygmalion, the basis Jor the 1956 musical My Fair Lady,

t was based on an actual proJessor oJ phonetics and Old English,

Henry Sweet (1845-1912). This British scholar invented his own system of

phonetics and published such influential works as History of English

Sounds (1874) andHandbook of Phonetics (1877).

t873

1874

187 4

t874

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 Joseph Farwell Glidden. rrcll

American photographer Will iam Henry Jackson explores the an-

cient Native American cliff dwellings of Mesa Verde, Colorado. rrcn

German zoologist Anton Dohrn founds the Naples, Italy, Zoological

Station, the model for many biological stations in the future. lo

, 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 orglanic mole'

cules. This model proves useful in explainin$ optical activity, the

abiliry of some subsrances 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.

lg74_ I . German mathematician Georg Ferdinand Cantor investigates trans-

W 
' 

finite numbers. n trr

1874 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. ruD

r 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. rrrYt

German novelist Leopold von Sacher-Masoch writes Die Messalinm

Weins, in which he describes sexual gratification derived from pain'

His name is the ori$in of the term masochism. Dtrol

1874

1874
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A u g . 5 1 ,
1874

A m e r i c a n  p s y c h o l o g i s t  E d w a r d  L e e  T h o r n d i k e  i s  b o r n  i n

Williamsburg, Massachusetts (d. 1949). He will be the first psychol'

ogist  to study animal behavior in laboratory exper iments.  At

Columbia University he will teach that psychology should study be-

havior, not conscious experience or mental conditions. He wilt ap-

ply work with animals to human education; leading to his pioneer-

ing work in the field of mental measurement. tsYcll

# The steel-arched Eads Bridge at St. Louis, Missouri, becomes the

first bridge to span the Mississippi River' ?lcll

Chilled ridged rollers are used, along with millstones, to produce

flour more efficiently at the C. C. Washburn mill in Wisconsin. ilql

In California, Luther Burbank establishes a plant nursery for the

study and cultivation of grasses, grains, fruits, and vegetables. llo

1874

1874

r875

1875

r875

1875

1875

t875

1875

lg75 V pathologist  Oscar Hertwig demonstrates that  sperm enters the
'4il * ovum, at which point fertilization takes place. llo

r875 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. ct l l t

V. V. Dokudaev begins freld studies of Russian soils from which he

evolves the basic principles of the new science of pedology, or soil
science. rrrtr

Russian mathematician Sonya (Sofya) Vasilyevna Kovalevskaya fur-
.+ rhers the work of Augustin Louis Cauchy in solving paftial differential

equations, the result is called the Cauchy-Kovalevskaya theorem. rt fi

German pathologist Rudolf Virchow becomes the frrst to describe
congenital spina bifida, a defect in the spinal canal walls that allows
the spine to protrude in the form of a tumor. nlD

Scottish physicist John Kerr discovers the Kerr effect, or the ability
of some substances, when placed in an electric freld, to differential'
ly refract light waves whose vibrations occur in two directions. rnvr

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. PHY.

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 collea$ue Sigmund

189
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French neurologist Guillaume Duchenne (b. l g06) dies. Duchenne,
a pioneer of neurology, was the founder of electrotherapy and de-
scribed numerous rieurological disorders. The spinal cord and brain
s t e m  d e g e n e r a t i o n  w h i c h  d e v e l o p s  i n  u n t r e a t e d  s y p h i l i s ,
Duchenne's disease, was named for him. ,rvcrr

British philosopher,and scienrisr John Stuart Mill proposes posr-hoc
analysis: the examination of different childhood experiences to dis-
cover the effect they have on moral character development. In the
twentieth cenrury, developmental psychologists will u.se this proce-
dure in longitudinal studies of children. ,rvctl

American sociologist william Graham surnner, a follower of British
scholar Herbert spencer, teaches the first American course in soci-
ology, at Yale Universiry. ,oc

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. rrcrr

British physicist william crookes invents an improved vacuum tube
called the Crookes tube. il.rl

Blasting gelatin is developed by swedish invenror Alfred Nobel. ncn

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. rrcrl

A wax-stencil duplicating process that is developed now will be
patented next year by American inventor Thomas Alva Edison.
These machines wil l 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. rrol

synthetic vanillin, which in its narural form is an ingredient of vanil-
la beans, is patented by British scientist Ferdinand Tiemann. nol

The first milk chocolate for public consumption, made by mixing
chocolate and sweetened condensed milk, is pioneered in Vevey,
Switzer land, by staf f  members of  the Nest le and Daniel  peter
chocolate factories. [Grr

German archaeologist  Heinr ich Schl iemann excavates ancient
Mycenae, the legendary ciry of the Greek leader Agamemnon. rrol

Engl ish natural ist  Al f red Wal lace systemat izes the science of
biogeography. In his Geographical Distribution oJ Animals, Wallace
discusses ext inct  fauna and their  geographical  movement or

1875 , l
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#

relocation over the years.
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British evolutionist Charles Darwin publishes The Elfects of Aoss and
Self Fertilization in the Vegetable Kingdom, in which he claims that
cross-fertilization increases the strength and vigor of offspring. rro

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 defrnes the concepts of free energy, chemical potential, equilib-
rium between phases of matter, degrees of freedom, and the equa'
tion called the phase rule. crln

B e t w e e n  n o w  a n d  1 8 8 0  H e n r i k  M o h n  a n d  C a t o  M a x i m i l i a n
Guldberg develop the field of dynamical meteorology, with the re-
sults known as the Mohn-Guldberg equations. rlrflr

Brit ish explorer Henry M. Stanley circumnavigates Africa's Lake
Victoria and charts the course of the Congo River. l^lnl

German bacteriologist Robert Koch isolates the anthrax bacil lus,
the cause of an infectious disease that attacks cattle, sheep, horses,
and goats and is passed to humans by these animals. nlD

American librarian Melvil Dewey invents the Dewey decimal sys-
tem for classifying and organizing books in libraries. rtrc

A m e r i c a n  p a l e o n t o l o g i s t s  E d w a r d  D .  C o p e  a n d  C h a r l e s  H .
Sternberg explore the Judith River formation in Montana, discover-
ing fossils of Cretaceous dinosaurs. rrrro

Near his home in Trenton Fal ls,  New york,  geologist  Char les
Dool i t t le Walcott  d iscovers the f i rst  U.S. t r i lobi te wi th i ts ap-
pendages preserved. muo

German physicist Eugen Goldstein discovers cathode rays, streams
of fluorescence flowing from the cathode, or negatively charged
electrode, in an evacuated tube. rfiyt

Scottish psychologist Alexander Bain founds the periodical Mind., the
first general psychologicaljournal. At this rime psychology begins to
develop as a discipline aparr from philosophy and physiology. ptyctr

English sociologist Herbert spencer applies evolution conceprs 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. roc

German inventor Nikolaus August otto constructs the first practical
internal-combustion engine, in which the piston makes four strokes

1 9 1

(a four-cycle engine).
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phone is sold in May 1877.

ctJ. walton, ccmc hete. I wen] ycv.n-lhlc,xandct Gtahant
Ba'Il fc ll,cctcloln] 7lhomec A. wefcon, ln ]he Jlrrr cormplgllc

cc.nic.naec tcilllyed cvct lcllephcnc wlte, Boclon;
Matah l O, 1876

T T I E  r I M E l r i l E  B O O K  O F  S G T I E H G E

The cor l i ss  160-horsepower  eng ine  or  dynamo,  named fo r
American designer George Henry corliss, is used to run exhibits at
Machinery Hall in the U.s. cenrennial Exposition. It is immortalized
as a nineteenth-century icon in the essay "The Virgin and the
Dynamo" by American author Henry Adams. trctr

American shopowner Henry sherwin, cofounder ,of the sherwin,
wil l iams co., develops a process for grinding and dispersing pig-
ments inro linseed oil and popularizes ready-to-use paint. ilcrl

on an improved, patented version of  h is te lephone, Scott ish-
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-

The Howe floater, which distributes melted solder onto can tops
and bottoms, mechanizes the soldering process and speeds it 100-
fold. rrql

U.S. astronomer Asaph
satellites of Mars.

I tal ian astronomer Giovanni schiaparel l i  observes l ines 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. rrilro

German botanist Wilhelm Pfeffer explains osmosis (see 1748, Jean-
Antoine NolleD 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. llo

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 cenrury. ro

French physicist Louis-Paul Cail letet (and, independenrly, Swiss
chemist Raoul-Pierre Pictet) liquefies oxygen, nitrogen, and carbon
monoxide. clrtr

British anesthesiologist Joseph Clover invents equipment now
Clover's apparatus to more safely administer anesthesia.

Hall discovers Phobos and Deimos. the two
lttro

called
nlD
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Building the Secrettown trestle in the Sierras, 1877. (National Park Service)

1877

1 8 7 7

American paleontologisrs and lifelong rivals orhniel 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. rluo

Russian physiologisr Ivan Pavlov begins his studies on conditioned
. r€spohs€ in relation to dog's digestion. rlycrl

American anthropologist Lewis Henry Morgan publishes his Ancient
8 Society, which proposes that human societies go through stages of

evolution from savagery to barbarism to civilization. roc

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.

r 87ry&#

1877

1877

rczl 
$ rt The first telephone switchboard is put into operation, in Boston. rlcil

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

1877

metal cvlinders.
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German archaeologist  Heinr ich Schl iemann discovers ancient
Ithaca, the legendary home of Greek hero Odysseus. ncrl

Jacques L.  Soret  and Marc Delafontaine discover the element
holmium. cltrr

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. ruD

A large group of well-preserved lguanodon skeletons is discovered
in a coal mine at Bernissart, Belgium. See 1882, Dollo. mrro

German neurologist Wilhelm Erb discovers a disease marked by mus-
cular weakness and fatigability, now called myasthenia gravis. t yctf

The Japanese term shinrigaku. later formally adopted as the Japanese
word for psychology, is first used in Japanese literature. Dttcrl

Jan. 9, 1878 In Greenvil le, South Carolina, John Broadus Watson, the founder of
behavioral psychology,is born (d. 1958). This area of work restricts
the freld to the study of objectively observable behavior, which it
then explains in stimulus-response terms. His writings will include
Animal Education (1905), Behavior (1914), and Psychological Care oJ
the Infant and child (1 928).

1878 ,' U.S. inventor Thomas Alva Edison discovers that, by subdividing or
-{itepping down electrical current, electric power can be supplied for

" mechanical use in the home. flctl

, British chemist Joseph Swan demonstrates the frrst carbon filament

incandescent bulb, in London. rrclr

, At the Remington Arms Co., in Connecticut, a shift key is devel-

.J' oped for the Remington typewriter, for rhe first rime allowing the

production of upper- and lower'case letters. ilol

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. rrdr

The first known prehistoric paintings, done by Cro-Magnon man
some forteen thousand years ago, are discovered on cave walls in
Altamira, Spain. ncrl

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 roca'
tion' rtlro

French chemist Paul-Emile Lecoq de Boisbaudran discovers the ele-

1 878
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ment samarium.
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Swedish chemist Lars Fredrik Nilson discovers the element scandi-
um, Mendeleyev's predicted eka-boron (see l87l) .  Swedish
chemist Per Teodor Cleve discovers the element thulium. criln

American chemists lra Remsen and Constantine Fahlberg synthe-
size orthobenzoyl sulfimide, or saccharin. This sweet organic com-
pound will become the first commercial sugar substitute. lrrr

Russian chemist Vladimir Markovnikov shows that carbon rings
with four atoms, rather than the more commonly known six, can
be formed.

American astronomer E. C. Pickering invents the meridian pho-
tometer and lays the foundations of exact stellar photometry. rrrn

Clarence King heads rhe newly organized U.S. Geological Survey.
After two years, he will resign and John Wesley Powell will take his
place.

French mathematician Jules-Henri Poincar6 writes a doctoral thesis
on differential equations that leads him to discover the properties
of automorphic functions; one of his many contributions to the the-
ory of differencial equations and other areas of mathematics (in-

1879

1879

1879

1879

1879

t879

1879

t879

t879

1879

1879

cluding topology; see 1895).

German physician Albert Neisser identifies rhe bacteria that
gonorrhea and meningococcal meningitis, inflammation
brain or spinal cord.

French dermatologists coin the term biopsy for the
ing skin for microscopic examination.

n i l

cause
of the

trD

process of tak-
f,lD

Austrian physicist Josef stefan formulates stefan's law (derived the-
oretically later by LudwiS Boltzmanni see 1884), which states that
the total energy radiated per unit surface area of a blackbody in
unit time is proportional to its absolute temperature raised to the
fourth power.

Edwin H. Hall discovers the Hall effecr, the production of an elec,
tromotive force within a conductor or semiconductor carrying cur-
rent in the presence of a strong transverse magnetic field. ilrrr
American physicist Albert Einstein is born in Germany (d. t955).
with his theories of special relariviry (1905) and general relativity
(1916), he wil l do away with the concept of absolute space and
time that had dominated physics since Newton in the seventeenth
century. He will develop new understandings of graviry and marter-
energy, contribute to quantum theory and atomic physics, and
attempt (unsuccessfully) to develop a unified field theory. He will
emigrate to the United States in 193i. rrry.
wilhelm wundt founds the world's first psychological research lab-
oratory, at the University of Leipzig in Germany. 

- 
,tvcNl
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Drawing of the light bulb by Thomas Edison. (Edison National Historic Site,
National Park Service\

t87e " i .
\ .

1879

1879

1 880s

1 880s ,,

U.S. inventor Thomas Alva Edison demonstrates an incandescent
vacuum light bulb that burns for nearly fifty hours and is still not
extinguished. rrcH

English-American photographer Miles Ainscoe Seed introduces the
portable Seed Dry-Plate for taking photographs, which is more sta-
ble and less dependent on chemicals than the wet plate. trctr

Milk bottles are developed to replace household pitchers. The first

bottles are used by a Brooklyn dairy. Within two decades they are

commonplace nationally. rrdl

American mathematician Josiah w. Gibbs develops a system of

vector analysis. t tlr

Two skeletons of Neanderthal man (see 1856) are found in a cave

at Spy, Belgium, buried with stone tools and bones of extinct mam-

mals. This discovery, excavated according to scienti f ic methods,

helps convince scientists that Neanderthal man represents an earli-

er variety of human being.
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A BETTffi. LIGITT BULB

y the 1870s, the streets of Paris and other cities were lit by electric

arc larnps that worked by forcing a. continuous discharge of cur-

rent across the air space between two conductors. These lights

were harsh, flickering, and hazardous. A better electric light was needed,
and inventors set out to make one.

Scientists had noted that a wire or filament heated by electricity would
sometimes glow. Unforfitnately, flaments never survived long enough to be
practical as a light source, because orygen in the air quichly oxidized and
destroyed them. By 1875, English pltysicist William Crookes had invented a
methodfor removing much of the air from a tube. It was found that a wire

filament placed in a vacuum ntbe glowed longer, but it still disintegrated
too soon to make it useful in a lamp.

American inventor Thomas Alva Edison came on the case. He tried hun-
dreds of different materials until, on October 21, 1879, he found his fiIa-
ment: an ordinary scorched cotton thread. A bulb with this carbonfilament
burned for .forty hours. Edison qutckly registered a patent and on New
Year's Eve 1879 lit up the main street of Menlo Parh., New Jersey. Three
years later, his Pearl Street Power Station provided electric power to 203
Manhattan customers enjoying the light oJ more than three thousand elec-
tric lamps.

There was one shower on Edison's parade. A rival English inventor,

Joseph Swan, had also discovered the carbonfiIament and patented his own
lamp in 1878. However, Swan was slower in setting up a system to distrib-
ute public electricity, so that Edison received the fame. The two men initial-
ly sued each other Jor patent violations but eventually settled their claims
andbecame partners.

The electrtc bulb continued to improve. In 1910 the heat-resisting ele-
ment tungsten replaced cotton as the fi.lament oJ choice. In 1915 the inert
gas nitrogen replaced the vacuum as the preJerred environment Jor fila-
ments. Today's incandescent bulbs burnfor about two thousand hours.

r r r E  t r n l l t l l l  B o o t (  o t  S c t E l | c E r  t t o

American psychologist William James and Danish scientist Karl Lange
r independently develop the theory that emotion is a consequence of

physiological stimulus. For example, the sight of an oncoming train
produces a physical response followed by an emotion, fear. This theo,
ry is the reverse of the then-popular view of emotion. rryctr

Archaeologist M. Kalokairinos discovers the walls of the labyrinrh at
the palace of King Minos at Knossos, Crete. ^lctl

c. I 880s
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come standard practice for fossil hunters. ,ltto
1880 

_L 
British physicist william Crookes shows that cathode rays are not-R. electromagnetic waves like light but streams of elecrricaliy charged. particles.

t t r t  r t n t l r r l t  t oo f ,  o ,  t c t l x c t
Russian chemist Friedrich K. Beilstein begins publication of his cras-
sic Handbook oJ Organic Chemistry. sf,f,
American schoolteacher and autodidact william Ferrel designs an
analog machine to predict tidal maxima and minima. rr|ilr
I n  E c u a d o r ,  E d w a r d  w h y m p e r  c r i m b s  t h e  A n d e a n  p e a k
Chimborazo-twice. urol
British geologist John Milne becomes a leading figure in modern
seismology by inventing, then progressively improving, the seismo-
graph, a device ro measure rhe srrength of earthquakei. uril
Louis Pasteur discovers streptococcus, staphylococcus, and pneu-
mococcus bacteria and develops a vaccine for anthrax and chicken
cholera. f,rD
English ophthalmologist warren Tay describes the cherry-red spors
at the backs of the eyes thar are characreristic of rhe fatal inherited
metabolic disorder called Tay-sachs disease, causing physical and
mental retardation. rrD
Paleontologist o. c. Marsh learns ro protecr fossils by encasing
them in a jacket of burlap and plaster of paris. This method will be-

French physicist Emile Hilaire Amagat begins experiments in in-
ducing and studying high pressure conditions, reaching a pressure
equal to three thousand atmospheres. ilry.
French chemist pierre curie discovers piezoelectricity, arising fromn 
the interaction of pressure and electric potential in ceftain crystals,

. which can be manipulated ro produce ultrasonic vibrations. This
phenomenon will prove important to the development of micro,
phones and other elecrronic sound instruments. ,$y.

'f Austrian physician Josef Breuer begins treating the hysterical pa-
' tient he calls Anna o. Her case study will be essential in the devel-

opment of psychoanalysis. see also 1g95, Breuer and Freud. r3ycx
r88o 

)F

l  8 8 1

I  8 8 1

In Britain, parcel post service begins, It wil l begin in rhe Unired
States in 1915. rrclf
Heinrich Karl Brugsch and Gaston Maspero discover mummies of
over thirty members of Egyptian royalty, including Ramses the
Great, in a cave at Dier el-Bahri near Luxor, Egypt. ntrl

U.S. astronomer Edward Emerson Barnard makes the first photo.
graphic discovery of a comet. rrtro
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Charles Darwin writes about how earrhworms shape the landscape

by creating an upper layer of soil through loosening soil and grind-

ing aown iock particles. His point is once again to show the great

effects that occur through the accumulation of small changes over

i lme.

British mathematician John Venn invents the Venn diagram,

intersecting circles are used to represent logical statements.

trc

in which
ntrl

German-born American physicist Albert Abraham Michelson in-

vents the interferometer, which he uses to attempt to measure the

speed of the Earth's absolute motion through the luminiferous

.ihrr, a light-carrying substance then thought to fill all of space'

The exper iment fa i ls  to detect  any mot ion through the ether.

Michelson then refrnes his procedure and repeats the experiment,

definitively, with Edward W. Morley (see 1887). rltYt

British physicist Joseph John Thomson discovers electromagnetic

mass *h"n he deduces that the mass of an object changes with the

addition of an electric charge. tilYl

German psychologist Georg Elias Muller founds a psychophysic lab-

orarory in Gottingen, Germany, a rival of Wilhelm Wundt's at

Leipzig. t3Yql

English anthropologist A. R. Radcliffe-Brown is born (d. 1955)' His

strucUral-functional analyses of the interdependent parts of social sys-

tems will help build social anthropology as a science. See 1952. foc

The Savoy Theatre in London becomes the first public building in

Britain to be electrically lighted. trcll

Rol l  f i lm for photographs is invented by U.S. inventor David

Henderson Houston. rrc|l

The refrigerator car for transporting fresh meat is developed by

U.S. meat merchant Gustavus Swift. This car speeds transport time

to the East Coast, increasing the national availability of meat and

lowerin$ prices. ilcll

U.S. scientist Henry Augustus Rowland invents a machine to make

precision diffraction gratings for spectroscopic use' In 1886 he will

use it to create an improved map of the solar spectrum incorporat-

ing some fourteen thousand lines. rtrro

lgg1 German botanist Eduard Adolf Strasburger observes changes in plant

cells during division. He proceeds to sort protoplasm into its nucleo-

plasm (inside the nucleus) and cytoplasm (outside the nucleus). lto
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1882 American geologist clarence Edward Dutton shows that a relatively

& 
short geologicallitn" is enough for a river ro cur through rock, cre-

g\ ating a valley. His work strengthens geologists' u.c.ptance that
landforms are principally a result of surface denudation, the expo,
sure of rock strara by erosion. r^rflr

r 882 . German mathematician Ferdinand von Lindemann determines that
-b pi is a transcendental number, l ike e (see rgri, Hermite), and that'v -' the ancient Greek problem of squaring the circle with straightedge

and compass in a finite number of steps is impossible. 
- 

, rr,
German bacteriologist Robert Koch discovers mycobacterius tuber-
culosis, the bacteria causing tuberculosis in mammals. He also es-
tablishes Koch's postulates or laws, the criteria to prove that a giv-
en disease is caused by a specific microorganism. rrD
French paleontolo$ist Louis Dollo publishes the frrst of a series of pa-
pers on the lguanodon skeletons of Bernissart, Belgium (see lgTg).
He becomes the founder of ethological paleontology, the study of
the relationships of ancient animals to their environment. ,arro
Argentine paleontologist Florentino Ameghino identifies fossils of late
cretaceous dinosaurs from Neuquen, Argentina, in patagonia. r lro
German-American physicist Albert A. Michelson at[ains a more accu-
rate figure than Foucault did in 1g49 for the speed of light: lg6,320
miles per second, very close to the currently accepted value. plil3

American psychologist G. Stanley Hall (1944-1924) founds the first
formal psychological  laborarory in the Uni ted states,  at  Johns

1882

1 882

Hopkins University in Baltimore.

1 882

1882

r 882

Mar. 30,
1 882

I  885

Aug. 27,
1883 i .

1  883

German-English psychoanalyst Melanie Klein is born (d. 1960). A
pioneer of chi ld psychoanalysis who wil l  focus on early infanti le
stages, she will contribute to the understanding and psychoanalytic
treatment of psychosis. ,ryctr

1883 Russian-born French bacteriologist I lya I l ich Mechnikov demon-
strates that certain cells called leukocytes move to damaged areas
in the body, where they ingesr bacteria. uo

British anthropologist Francis Galton coins the term eugenics for the
study of improving human qualities by selective, careful breeding. uo

The volcano Krakatau (Krakatoa) in the Netherlands Indies erupts,
destroying mosr of i ts island, ki l l ing nearly 40,000 people, and
sending ocean waves as far away as Cape Horn.
On a trip to Egypr, German bacteriologist Robert Koch
the cholera bacillus.

lalTtl

discovers
ttD

,r_ German chemist Ludwig Knorr compiles the compound antipyrine,
which reduces fever and pain. It is the first significant entirely man-
made drug and its invention willbegin the syntheric drug industry. nro

I  883
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Birth control leader and American feminist Margaret Sanger is born
(d. 1960). She will educate working-class women on issues con-
cerning reproduction. nlD'

The Journal of the American Medical Association (JAMA)
lished as a weekly magazine.

1 883

American inventor Thomas Alva Edison discovers the Edison effect.
r the flow of electric current from a hot carbon filament to a cold

metal wire across a gap inside a l ight bulb. Useless as i t  was to

Edison, this discovery nevertheless wil l  become important in the

development of electronics. ptry.

German-American anthropologist Franz Boas begins his field work
with observations of Eskimos. He will become the most influential
voice in American anthropology, training or inspiring such scholars as
Ruth Benedict, Alfred Kroeber, Margaret Mead, and Edward Sapir. He
and his followers will stress the importance of culture and language in
shaping human behavior. Boas's strict methodology and painstaking
research will build the credibility of cultural anthropology. roc

oEaonomlas hsc no nce] klnshlp wfiih cny physlael scicncc,. ll Is
e btench oJ blclogy btoadly lnletptcJGd.o-Alfitcd lletthall,

Brt]lsh caonomlcl; lelc nlncleenlh cenfrity

|  883

r 883
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estab-
mlD

Croatian electr ical engineer Nikola Tesla constructs an induction
motor that can make use of alternating current, which can be more
easily obtained from generators than can direct current. ilctr

French chemist Louis-Marie-Hilaire Bernigaud de Chardonnet in-
vents rayon, the first synthetic fiber. ilcH

The 1,595.5-foot Brooklyn Bridge, also known as the Great East
River Bridge, opens to pedestr ian traff ic. Featuring a steel web
truss for stabi l izat ion, i t  is designed by German'American .fohn
Augustus Roebling. Following Roebling's death in 1869, the bridge
is completed by his son, Washington Augustus Roebling. rrGH

The Maxim/Vickers gun, the f irsr completely automatic machine
gun, is developed by English engineer Hiram Maxim. rrcH

At an international meeting in Washington, D.C., the prime meridi-
an is established as running through Greenwich, England. Amo

Danish bacteriologist Hans Christian J. Gram stains bacteria with
dye and finds that when it is washed with iodine and alcohol the
dye stain is removed from some bacteria but not from others. The
bacteria retaining the dye he calls Gram-positive, the bacteria free
of the dye Gram-negative. This idenrification will become crucial
once antibacterial agents are developed. rlo
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Swedish chemist Svante Arrhenius advances the theory of ionic dis-
sociation, which describes the breakdown of electrolytes, when in
solut ion, into posit ively and negatively charged parricles cal led

German chemist Emil Hermann Fischer analyzes the structure of
sugars and studies the compounds called purines. ctrlr

German chemist Otto Wallach begins to isolate terpenes from es-
sential oils in a process that will become invaluable to the perfume
industry.

Russian mathematician Sonya (Sofya) Vasi lyevna Kovalevskaya
demonstrates the possibility of expressing certain kinds of Abelian
integrals in terms of simpler elliptic integrals. nail

, German mathematician Gottlob Frege provides an influential defini-
tion of cardinal numbers in his Die Grundlagen der Arithmetik (The

Foundations oJ Arithmetic) .

German gynecologist Karl S. Cred€ inroduces the use of 1 percent
si lver nitrate solut ion in the eyes of newborn infants to prevent
blindness from gonorrheal infection. nrD

German bacteriologist Arthur Nicolaier discovers the tetanus (lock-
jaw) baci l lus.

The f irst U.S. tuberculosis sanitarium is founded. in New York's
Adirondack Mountains, by physician Edward Trudeau, whose stud-
ies on tuberculosis make him an authority on this lung disease. mtD

German bacteriologist Friedrich Loeff ler discovers the diphtheria
bacillus. ntD

Canadian paleontologist Joseph Burr Tyrrel l  discovers the part ial

skull of a Cretaceous carnivorous dinosaur, Albertosauns sarcopha-
gus, at the Red Deer River'in Alberta, Canada. Pttto

Austrian physicist Ludwig Eduard Boltzmann, the founder of statis-
tical mechanics, shows how Stefan's law (see 1879) can be derived
from thermodynamic rules. As a result, this principle is sometimes

known as the Stefan-Boltzmann law. PrtYi

American psychologist William James founds the U.S. branch of the

Society for Psychical Research. p.YCNl

In  V ienna ,  Aus t r i an  psycho log i s t  and  psycho the rap i s t  O t to
Rosenfeld (later Rank) is born (d. 1939). A specialist in the psychol-

ogy of myth and dreams, Rank will become Sigmund Freud's assis-

tant, and both men will profit from the other's intuitions and ideas.

Many in the field will later say that Freud groomed Rank to take

over as the leader in psychoanalysis, but Rank wil l  break from

Freud in 1925. Rank's early work Myth oJ the Birth oJ a Hero (1909)

will become a psychoanalytic classic. PtYCll
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1 884 British inventor and physicist Hertha Marks (later Marks Ayrton) in-
vents an instrument for dividing a line into equal parts, since used
by architects, artists, and engineers. rrcr

The compound steam turbine is developed by Brit ish engineer
Charles Al$ernon Parsons. ilol

German-American mechanic Ottmar Mdrgenthaler patents the
Linotype typesetting machine. By its mechanizing of parts of rhe
rypesetting process, it becomes an extremely popular choice for
printing daily periodicals. rtctl

German archaeologist Heinrich Schliemann excavates Tiryns. rrcn

A supernova appears in the Andromeda galaxy (M51), the only ex'
tragalactic supernova visible to the naked eye until 1987. rrlro

Austrian chemist Carl Auer discovers the elements neodymium and
praseodymium. cfllfl

German biochemist Albrecht Kossel studies the molecular structure
of nucleic acids, isolating two purines, three pyrimidines, and a
sugar molecule. Grln

Chemist Jacobus van't Hoff proposes the van't Hoff factor, which
appears in equations for osmotic pressure and other coll igative
properties. crlm

, Austrian geologist Eduard Suess begins publication of The Face of
the Earth (1885-1909), a five-volume work based on the premise
that the earth contracted while cooling, and that this contraction
can explain the earth's geological features. rrrfll

Snow Coyer: Its Effect on Climate and Weather, by A. I. Voeykov,
considered the first important work on rhe subject, is published in
St. Petersburg. rrlfil

German bacteriologist Paul Ehrlich expounds his side-chain theory
stating that there is a special affinity between certain drugs and
specifrc cells. This theory lays the foundation for Ehrlich's develop-
ment of arsenic as a treatment for syphilis. nlD

Swiss physicisr Johann Jakob Balmer develops an equation to inter-
relate the wavelengths of the hydrogen spectrum. This principle
yields the so-called Balmer series of lines in rhe visible hydrogen
spectrum. HfYr

German psychologist Herman Ebbinghaus (1850-1909) publishes
' the first experimental research on memory. In it he asserts that

learning and practice are linked in rhat if rhe time spent learning is
doubled, then the amount learned will be doubled also. Ebbinghaus
is larer considered the father of memorv research. r3vcrr

1 884
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Between now and 1905, Ebbinghaus works on developing a sen-
tence completion test (the first successful test of higher mental abil-
ities) and the nonsense syllable, the latter of which will revolution-
ize the sudy of learning and association. Dryctl

British anthropologist Francis Galton notes the uniqueness of each
individual's f ingerprints and works out a system for classifying
them. His work will become important in law enforcement. roc

I  885
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1 886

I 886

1 886

1 886

1885*11 ,, American electrical engineer Will iam Stanley invents the trans-
,ry 

* former, to shift the vottage and amperage of alternating current
and direct current.

t 885 _A_ The first skyscraper, built for the Home Insurance Co., goes up in
-,Y *.' Chicago. Designed by American architect William LeBaron Jenney,

is a ten-story steel'framed marble building.

A workable transmitter for dispersing mass electrical power is re-
f i n e d  b y  A m e r i c a n  i n v e n t o r  a n d  m a n u f a c t u r e r  G e o r g e
Westinghouse and electrical engineer William Stanley. It employs
alternating current. rror

German engineer Carl Friedrich Benz develops the first working
motor car powered by gasoline. rrcll

The safety bicycle, with two wheels of equal size, is developed by
English inventor J. K. Sranley. Previously (see 1861), bicycles were
built with large front wheels. rrcll

French chemist Paul-Emile Lecoq de Boisbaudran discovers the ele-
ment dysprosium. Boisbaudran and Swiss chemist Jean-Charles de
Marignac discover the element gadolinium. French chemist Henri
Moissan discovers the element fluorine. German chemist Clemens
A l e x a n d e r  W i n k l e r  d i s c o v e r s  t h e  e l e m e n t  g e r m a n i u m ,
Mendeleyev's predicted eka-silicon (see 1871). crtn

French physical chemist Frangois-Marie Raoult discovers Raoult's
law, that the partial pressure of solvent vapors in equilibrium with a
solution is proportional to the ratio of the number of solvent mole-
cules to solute (dissolved) molecules. This law provides a new way
of determining the molecular weight of solutes. cliln

S. Ziesel develops the Ziesel reaction to determine how many
methoxy groups are in an organic compound. cHrr

Two Englishmen build the first electric submarine, the Nautilus,
which can cruise for 130 kilometers between recharges. rrrill

German physicist Eugen Goldstein discovers channel rays or canal
rays, streams_of positive ions produced by boring holes in the cath-
ode of an evacuated tube. Hrr!
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American chemist Chdrles Martin Hall and French metallurgist
Paul-Louis-Toussaint Hdroult independently invent a cheap way of
isolating aluminum. This Hall-Heroult process will make the once-
precious metal a common structural material. rrctr

A halftone photo-engraving process, using multi-sized dots on the
page, is devised by U.S. printer Frederick Eugene lves. ilcll

The L ick  re f rac t ing  te lescope,  on  Mount  Hami l ton  near  San
Francisco, becomes the world's f irst mountaintop telescope. ItS
lens is 56 inches (91 cm) across. Alrro

British scientist William Abney invents a way to photograph infrared

radiation, a technique he uses to observe the solar Spectrum. rtllo

French physiologist Raphael Dubois is the first to show the chemi-

cal nature of bioluminescence, the technique of producin$ light by

living organisms such as $lowworms, Some bacteria, certain fungi,

and various deep-sea crealures.

1887 English paleontolo$ist Harry Govier Seeley divides dinosaurs into

two orders, based primarily on the strucrure of their pelvic girdle:

the Ornithischia (bird hipped) and the Saurischia (lizard hipped)'
This classification will become standard, as will his grouping of di'
nosaurs into one category with crocodiles, birds, and the extinct
reptiles known as thecodonts. (The reptiles in this group are now
known as archosaurs.) tluo

', 
German.American physicist A. A. Michelson and American chemist

*+ Edward Morley perform a definitive version of an earlier Michelson

i-t. experiment (see 1881) demonstrating that the earth has no dis-
cernible motion through the luminiferous ether postulated by scien'
tists. These puzzlinS results will not be completely explained until
Einstein does so in 1905.

1887 
" d German physicist Heinrich Rudolph Hertz discovers the photoelec-

{g rrie-effecr, later defined as caused by the liberation of electrons
' from matter exposed to electromagnetic radiation. ilrYt

r  887 Austrian physicist Ernst Mach studies what happens when solid ob.

jects mgve rapidly throu$h the air, particularly above the speed of

a Soufld. The standard measurement for the speed of a body relative

to the speed of sound is now called a Mach number, with Mach 1

being a speed equal to that of sound. tHYf

The New York World publishes a series of articles chronicling the

treatment and abuse of the mental ly i l l  in the New York Cily

Lunatic Asylum on Blackwell's (later Roosevelt) Island. U.S. journal-

ist Nellie Bly fakes insanity, is admitted under a pseudonym, and

writes of her ordeal in Ten Davs in a Mad-House (1888). 
".YCll

1887
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French sociologist Emile Durkheim teaches the first course in soci-
ology, at the University of Bordeaux. He develops scientific meth-
ods for sociology and emphasizes the importance of collective be-
liefs and values for social cohesion. toc

' The first Daimler motorized vehicle appears on the market. ilcNl

The first multicolumn adding machine, the Comptometer, is manu-
factured by the Felt &. Tarrant Manufacturing Co: Its inventor is the
business's cofounder Dorr Eugene Felt. iltrl

The first motorized phonograph, playing recordings imprinted on
" wax cylinders, is invented by American inventor Thomas AIva

Edison. rrsr

British astronomer Joseph Lockyer outlines the evolutionary cycle
of a star from birth to death. Irtlo

Johann L. E. Dreyer publishes A New General Cata,tog of Nebulas and
Clusters of  Stars,  known simply as NGC, which revises John
Herschel's 1864 catalog and now includes nearly eight thousand
items. An NGC number becomes a standard designation for celes-
tial objecE. rrrro

The Marine Biological Laboratory at Woods Hole, Massachusetts,
holds its first classes. ro

German anatomist Heinrich Wilhelm Gottfried von Waldeyer-Hartz
suggests the name chromosomes for the chromatin threads that ap-
pear during cell division. lo

French chemist Henri-Louis Le Chdtelier states Le Chdtelier's princi-
ple, that in a system in equilibrium any change in one of the fac-
tors tends to shift the equilibrium so as to minimize the original
change.

- Chemist Friedrich Wilhelm Ostwald discovers that catalysts affect
reactions' speed, but not their equilibrium. crtrn

The American Mathematical Society is established. n ill

In the Judith River beds of Montana, John Bell Hatcher and O. C.
Marsh discover the first known skull of Triceratops, a three-horned
Cretaceous dinosaur. rrlrc
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George Eastman peers thou$h the viewfinder of the Kodak box camera.
(lnternational Museum of Photograplry, George Eastman House)

I  a8a

German physicist Heinrich Hettz verif ies James Clerk Maxwell 's

equations (see 1865), using an oscillating current to produce radio

waves that are electromagnetic in nature and behave as light does.

Hertz's experiments confirm Maxwell's theory that light is an elec-
romagnetic phenomenon and represent the first known detection
of radio waves. DflYt

Elecric trolley cars, desi$ned by American engineer Frank Julian
Sprague, run successfully in Vir$inia. rlcll

American inventor George Eastman markets the first low-cost,

easy-to-use camera, the Kodak. This twenty-five-dollar device holds

a roll of stripping paper for up to one hundred photographs. tlcll
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A new shorthand system, called Light Line Phonography, is devel-
oped by American invenror John Robert Gregg. flctl

Const ruct ion is  completed on the
tal lest masonry bui lding in the world,

German astronomer Hermann Carl
shift of the star Algol, demonstrates
star.

Washington Monument ,  the
rising 553 feec. trctl

Vogel, analyzin! the Doppler
that i t  is an ecl ipsing binary

Working with I tal ian histologist Camil lo Golgi,  Spanish
Santiago Ramon y Cajal improves Golgi's cell stain and
the cellular structure of the brain and spinal cord, further
ing neuron theory as a field on its own.

Swedish chemist Svante Arrhenius analyzes the
tion energy (i.e., the minimum energy required
tions to occur) and chain reactions.

German mountaineers Hans Meyer and
ceed in climbing Mount Kil imanjaro, at
peak in Africa.

American geologist William Morris Davis introduces a new method
of landscape analysis using a concept of the cycle of erosion by
which rivers contribute to the shaping of landscapes. Davis system-
atizes this field of study as geomorphology, the study of the devel-
opment of landforms. r^lrrl

Between Uganda and Zaire, British explorer Henry Stanley discov-
ers the Ruwenzori mountain range, flanked by Lakes Albert and
Edward. r nfll

American geologist Clarence Edward Dutton introduces the term
isostasy for the equilibrium that tends to exist in the earth's crust
between the forces that elevate land masses and those that depress
them. Dutton argues that the continents are made from lighter rock

histologist
works out
establish-

' , ' !
- / i . ,.: ,.

concepts of activa-
for chemical reac-

Ludwig Purtscheller suc-
5,895 meters the tal lest

than the ocean floor.

Russ ian mathemat ic ian Sonya
publishes a signifrcant paper on
about a f ixed ooint.

Italian mathematician Giuseppe Peano publishes A Logical Exposition
of the Principles oJ Geometry, which applies symbolic logic to the task
of building up the fundamental axioms of mathematics. rAttl

At the Sorbonne, French psychologist Alfred Binet founds the first
French psychological laboratory. p3yctr

British chemists Frederick Augustus Abel and James Dewar invent

the smokeless explosive called cordite. rrctl

Etril

(Sofya) Vasi lyevna Kovalevskaya
the rotat ion of asymmetric bodies

m tll
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o The first electric sewing machines are introduced to the market by
the I. M. Singer Co. ilcfl

The co in-operated te lephone,  patented by Amer ican inventor
William Gray, is first used in a Connecticut bank. rrcr

c. 1890s In the United States, geology is put to widespread practical use, partic'
ularly in assessing the lands of the newly acquired western territories
and developing the mining industry. Universit ies such as Harvard,
Columbia, and Yale develop research groups in economic geology

I  890s

whose work will rival that of the U.S. Geological Survey. lalnl

By now, Americans O. C. Marsh and Edward Drinker Cope have
discovered 156 species of dinosaurs, although some of these wil l
later be disallowed. As bitter personal enemies, these paleontolo-
gists have spent their careers trying to outdo each other. patro

German astronomer Hermann Carl Vogel discovers spectroscopic
binary stars. lstto

U.S.  as t ronomers  Edward  C.  P icker ing  and Wi l l iamina Paton
Fleming introduce the alphaberical Harvard Classification System
for classifying stars according to their spectral characteristics. See
also 1901 , Annie Jump Cannon. ^rrro

c.  1890 Biometr ics,  the branch of  science jo int ly studying biology and
mathematics, begins when statistical methods to analyze human

1 890

and biological evolution are developed. lro

swiss cytologist Richard Altmann reporrs the discovery of bioblasts
within cel ls. In 1898 German biologist C. Benda wil l  name these or-
ganisms mitochondria, mistakenly believing them threads of carti-

1  889
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lage.

Acetylene chemistry is discovered.

Iro

ctftfl

c. 1890 .! ,puring the next two decades the theoretical foundations are estab-

; "'l lished for measuring geological time by analyzing rhe products of
radioactive decav.

I 890 At Kedung Brebus, Java, in the Dutch East Indies, Dutch paleontolo-
p gist Marie Eugene Dubois discovers fossils of Java man, now consid-

ered a variety of Homo erectus, a prehistoric ancestor of humans.
Homo erectus evolved in Africa about 1 .8 million years ago. palro

American psychologist william James publishes his classic text The
Principles oJ Psychology. pryctl

The U.s. congress passes legislation dividing each srate into dis-
tricts, mandating a state hospital for each one. Hospital, not asytum,
is from now on the preferred term for such institutions. prvcx

scottish anthropologisr James George Frazer publishes The Golden
Bough, a monumental comparative study of folklore and rerigion. soc
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IMAGINARY EVIL

he most common phobia (persistent, irrational Jear) for which
people seek psychiatric treatment was also the first to be diag-
nosed: agoraphobia. The term was coined in the late 1800s by

the German neurologist Alexander RarI Otto Westphal. From the Greek

for tear of the marketplace," it signifies an abnormal fear oJ open or
public places.

Westphal observed that this phobia keeps its suffnus away trom such
places as streets, stores, tunnels, public transportation, churches, theaters,
and the post ffice at noon. Most agoraphobics were, and continue to be,
women. Onset is usually between eighteen and thirty-five years of age and
often begins with an unexpected, spontaneous panic attach that cannot be
easily controlled, creating a generalizedfear inJurure and similar situations.

People with agoraphobia are oftm emotionally repressed. Their parents
may have been fearful and overprotective or may have forced the child to
tahe on too much responsibility too soon. Though many agoraphobics arcn-
tually seeh treatment, they usually do not pursue it for as long as ten years
a,fter the disorder arises.

I  t 9 0
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Bri t ish economist  Al f red Marshal l .  founder of  the neoclassical
school of economics, publishes the landmark work Principtes oJ
Economics. nc

French physicist Edouard-Eugene Branly invents a radiowave de-
tector that improves on Hertz's of 1888. tlcll

An electromechanical punch-card system for recording data is re-
fined by American engineer Herman Hollerith. Eventually patented,
this Hollerith systetn is first used to record U.S. census findings.
Hollerith's company wil l ult imately develop into International
Business Machines (lBM). trsl

German astronomer Maximilian Wolf makes the first photographic
discovery of an asteroid. He will go on to discover some five hun-
dred other asteroids.

German zoologist Karl Gottfried Semper introduces the idea of a
food chain, claiming that an ecosystem maintains its ener$y flow
by passing along materials through the process of eating and being
eaten. ll0

American inventor Edward Goodrich Acheson produces silicon car-
bide, or carborundum, a useful abrasive. crnn
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German aeronautical engineer otto Lilienthal successfully launches
himself on the frrsr flight of a glider, of his own design. nrrrr

Hungarian physicist Roland Edrvos derects no significant difference
between inertial and gravitational mass. pffi

1 8 9 1
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VICTORIAN BOT{NISTs

n the nineteenth century, mostfields oJ scientific study were closed to
women. One partial exception was botany, which, according to a
1980 article in the British Journal for the History of Science, was ex-

enTpt because it reinforced "both oJ the contemporary alternative ideals oJ

Jemininity"-the "unintense intellectualism" of the upper class and the
'sentimentalized womanhood" of the middle class.

Given these restraints and others imposed by academic and professional
institutions lihe the Linnean Society, which would not admit women, fe-
male botanists demonstrated their talents primarily as illustra,tors, re-
s?archers, and writers of poputar works on bdtany. During the Victorian
era hundreds oI such worhs'were written, many limited by the praniling
science of the era but some, though now relatively Jorgotten, still vivid.
Among the more diligent female nature writers of the ninetemth and early
tw entieth centune s ar e :

o Elizabeth Rnight Brttton (1858-1934). U.S. botanist and early conser-
va.tionist active in the Jounding oJ the Wild Flower Preservation
Society oJ America and unfficial curator oJ the moss collection at
columbia university. she was the author of Ja6 scimti"ftc papers and
is said to have provided the idea Jor establishing the New yorh
Botanical Garden, which opened in 1891.

o MaU Agnes Meara Chase (1869-1963). U.S. botanist. After worhing
as a. meat inspector in the Chicago stockyards (1901-190j), she be-
came a botanical artist and botanist specializing in agrostology, the
study oJ grasses,Jor the tJ.S. Department oJ Agriculture (190i-19j9)

o Alice Eastwood (1859-1955). u.s. botanist. Researched flowering
plants of the Rocky Mountains. Author o/A popular Flora of Denver,
colorado (1895), she was also the curator of botany for the california
Academy of sciences (1892-1949), and was noted during her lifetime
in American Men of Science.

o Ethel sargant (1863-1918). British botanist. specialist in the cytology
and morphology of plants. Her worh in plant embryology led to scien-
ilrtc papers on the liJe qtcle oJ monocotyledons.
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1891 Irish physicist GeorgeJohnstone stoney suggesrs rhe name electront for the as-yet-undiscovered fundamental unit of electric ity. See
1897 , Thomson.

.The carpenter Electric Heating Manufacturing co. in the United-states 
offers the first commercially available electric ovens. rrcrl

Photographer and self-taught U.s. astronomer Edward Barnard dis-
covers Amalthea, a frfth satellite of Jupiter and the first to be found
since the work of Galileo in 1610. rrrro

r Barnard presents evidence that novae are exproding stars. rrillo

French physician and physicist Jaques.Arsdne d'Arsonval applies
an electromagnetic f ield to himself and finds that ir produces
warmth without muscle contraction. Thus begins the study of the
interacrion of electromagnetic energies with biological systems,
or bioelectromagnetics.

1892 British geneticist and biologist J. B. S. Haldane is born in Oxford
(d. 1964). He will formulate a mathematical approach ro the study
of natural selection that leads the way in establishing the iates of
genet ic change in populat ions.  His wr i t ings wi l l  include ?"he
Inequality of Man (1932), New paths in Genetics (1941), and The
Biochemistry oI Geneti.cs (1954). Haldane will predicr human cloning
and acclaim its potential uses.

18s2 
l\.'
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1892

1892

American inventors Thomas Alva Edison and w. K. L. Dickson
$ t  patent the Kinetograph camera and Kinetoscope viewer,  the' 

world's first motion picture system. ilctl

German biologist August Weismann introduces the germ plasm
theory of heredity, that a special hereditary substance embodies
the only organic continuity between generations. He also claims
that in germ cell formation, the process of meiosis, the nuclei un-
dergo a halv ing of  the chromosomes. Weismann repudiates
Lamarckism, which argues that organisms inherit physical charac-
teristics acquired by their parents during the latter's lifetime. ro

Russian physicist Pyotr Nikolayevich Lebedev shows thar light ex-
erts pressure. ilYl

Irish physicist George Francis FitzGerald derives an equation now
called the FitzGerald contraction (modified by Hendrik Lorentz in
1895) that accounts for the negative result of the 1887 Michelson-
Morley experiment by predicting the conrracrion of a moving body
in the direction of its motion. See also 1905, Einstein.

r892
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German physicist Philipp Eduard Lenard studies open-air cathode
rays. DrrYt
czechoslovakian psychiatrist Arnold pick (tg5t-1924) is rhe first to
describe a presenile disorder marked by a deterioration in function-
al intelligence. This degenerative malody, pick's disease, is charac-
terized by mood swings, lack of social restraint, fatigue, confusion,

1892

t892

Alexander Graham Bell makes the first New York to Chicago relephone call,
1892. (1'T6.T Archives\

and memory difficulties.
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British chemist James Dewar invents the Dewar flask, a double-
walled container with a vacuum between the walls to slow temper-
ature changes in its contents. It will achieve commercial use as a
thermos bottle. lror

The tin-ptated bottle cap with a cork seal for beverage bottles is
patented by Baltimore shop foreman William Painter. lLrl

The cultured pearl, grown by implanting a small foreign object as
an irritant in an oyster shell, is grown successfully by Japanese
businessman Kokichi Mikimoto. ilql

English astronomer Edward Walter Maunder discovers the Maunder
minimum, a seventy-year period from 1645 to l7l5 when there
were virtually no reports of sunspot activity. Not until the 1970s (see

John A. eddy) will Maunder's findings be corroborated.

German physicist Wilhelm Wien shows that the peak wavelength at
which an object radiates electromagnetic energy is inverselY Pro:
portional to the object's absolute temperature. Hotter bodies radi-

ate at shorter, more energetic, wavelen$ths. trrv.

The journal Physical Review begins publication. nil3

French sociologist Emile Durkheim, one of the founders of sociolo-
gy, publishes The Division oJ Labor.

The first U.S. depanment of sociology is founded, at the University
of Chicago. Chicago wil l be the center of American sociological
studies in the period between the two world wars. loc

1 German-American electrical engineer Charles Proteus Steinmetz

,,1i, develops the mathematics of alternating current (AC) circuitry, thus

making AC equipment more useful and ensuring the demise of

then-standard direct current. llcNr

The hrst Ford motor vehicle, or gasoline buggy, is test driven by its

inventor, American machinist Henry Ford. ilcll

American inventor Whitcomb L. Judson introduces the clasp locker,

forerunner to the zipper (see 1925). trcll

Brirish physicist John William Strutt arld British chemist William

Ramsay discover the element argon' qiln

British neurologist John Jackson publishes his paper "The Factors o[

Insanity," in which he defines the difference between positive and

negative symptoms and describes their relationship to the nervous

system. tlYcll

British physicist Oliver Joseph Lod$e invents the device called the

coherer, for detecting radio waves from a distance of half a mile.

He is the first to send and receive radio-wave messages in the

Morse code used in telegraPhY.

1894
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YE OLDE MEDICAL DICTIONARY

hen Vtctorian novelists consign their characters to the moun-
tq.ins to cure consumption or to their boudoirs to treat la
grippe, they refer to medical conditions now hnown by more

modern names. someday, commonly hnown modern medical conditions
Iike the flu, tendinitis, or cancer may be either diminished as public health
problems or designated by other names. Here are afew medical terms com-
mon in their time but now remembered only through literature and long-
lived relatives.

catarrh. Marhed inflammation oJ the mucus membranes oJ humans or
animals.

chilblains. Inflammation and swelling of the body, particularly feet and
hands, through exposure to cold.

consumption. Process of the diminution or wasting away oJ the human
body, usually through tuberculosis.

aottp. An intermittent laryngitis, marked by a raspy cough and labored
breathing, usually affecting infants.

Dropsy. Edema, the excess accumulation oJ liquid in human tissue or a
bodily cavity.

Grippe. A contagious, Jeverish viral infection similar to influenza.
Halitosis. Bad breath.

Lumbago. Severe muscular inflammation in the lumbar region.
Melancholia. An emotional state marhed by depression, perceived. med-
ical problems, and, at times, hallucinations.

Neurq.sthenia. An emotional or psychological state marhed by Jeetings
oJ fatigue, Iethargy, and low selJ-worth.

st. vitus' dance. colloquial name for chorea or sydenham's chorea. A
group of diseases of humans and dogs marked by uncontrollable body
and facial movements. The name is derived from st. vitus, a christian
martyr tortured by Roman emperor Diocletian by immersion in a vat of
molten lead and pitch.

Trench mouth. Also known as vincent's angina or vincent's inJection.
A contagtous disease marked by ulcerati.on of the mucus membrane of
the mouth or respiratory system. The disease was discovered to be gen-
erated in the presence of the fusiform bacillus and spirillum, two germs
q.ctive in hospital gangrene, by French bacteriologist Jean-Hyacinthe
Vincent (1862-1950).

vapors. A nervous condttion marked by depression and,ltysteria.

T H I  I I M E l I i l E  B O O K  O F  S C I E l I C E |  8 9 l l
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Cutting the canal at Panama. (C. Horne, Great Men and Famous Women, Selmar
Publishers, New York, 1894)

1 _ t
l8g4 >-,g White drilling for water, oil is accidentally discovered in Texas for

i '' the firSt time. tlcll

The Hershey chocolate bar, created from sugar, milk, cocoa beans,

and chocolate liqueur, is marketed. It sells for five cents, a price

that will not rise for seventy-four years. rrol

The diesel engine, mechanically simpler than a gasoline en$ine, is

developed by German engineer Rudolf Diesel. ilcx

Pneumatic tires for automobiles are inroduced in France by Andre

and Edouard Michelin, In America pneumatic tires are manufac-

tured by the Hartford Rubber Works. lrcrl

In his work Astronomical  ConstantE, Canadian-American aS'

tronomer Simon Newcomb calculates such constants aS nutation,

precession, and solar parallax. ^lllo

In Germany the first germfree isolator, a sterilized glass chamber,

is built. tlo

British chemist William Ramsay is the first to discover helium on

earth rather than in the solar spectrum. See 1868, Janssen. clltt

German chemist Carl Paul Gottfried von Linde develops a system

for liquefying gases in quantities that are commercially useful- qrrn

Coal-tar chemistry undergoes new developments. cmn
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I 895 f French mathem atician Jules-Henri Poincar6 publishes his Analysis
situ, the first systematic treatment of topology. n fll

c. 1895 + German mathematician Georg Cantor proposes his continuum hy-
pothesis, that there are no cardinal numbers between aleph-null
(the smallest transfinite cardinal number) and the cardinal number
of the points on a line. American mathematician Paul Cohen will
revisit this hypothesis in 1963. rarrl

I
. 4

1895 ,'fl_* German physicist Wilhelm Conrad Rontgen discovers X rays. rnyt

1895 . French physicist Jean-Baptiste Perrin performs experimenrs prov,
ing that cathode rays are streams, not waves, of negatively charged
particles. 'lff,

1895 ,, Durch physicist Hendrik Antoon Lorentz independently derives
George FitzGerald's equarion (see lg92) and proposes also that
mass increases with velocity, becoming infinite at the speed of
l i$ht. The resulting formulation becomes known as the Lorenrz-
FitzGerald conraction. rrty,

1895 
" 

French physicist Pierre Curie discovers that each ferromagnetic
metal, such as iron or nickel, has a specific point during heating at
which it loses its magnetism, an interval now known as the Curie
point or Curie temperature.

a
1895 Dutch physicist Hendrik Lorentz discovers the Lorentz force, a per-

pendicular force exerted by electric and magnetic fields on a mov-
ing, charged particle. ,Hy,

1895-1896 f Sigmund Freud identi f ies the phenomenon of project ion, a defense
mechanism in which a person projects feelings or wishes onto an-
other person, group, or thing.

1895 American psychologist Gardner Murphy is born (d. tgrg). He wil l
create the biosocial theory of personaliry, which emphasizes char
personality observation is possible only when a patienr is interact-
ing in a social environment. Gardner will also underscore the im-
portance of developmental and environmental factors in determin-
ing personality.

Austrian physician Josef Breuer and psychiatrist Sigmund Freud
publish studies on Hysterid, the first book on psychoanalysis. This
work contains Breuer's case history of Anna O. (see 1gg0), often
considered rhe founding case of psychoanalysis. p3ycrl

French inventors Louis and Auguste Lumicre patent and demon-
strate the cin6matographe, a motion picture system that, unlike
Edison's Kinetoscope (see 1891), allows fi lm to be projected on a
screen rather rhan viewed peep-show style.

I  895
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Sigmund Freud's couch. (The Freud Museum, London)
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, Italian electrical engineer Guglielmo Marconi and Russian physicist
Aleksandr Stepanovich Popov invent the radio antenna, a device
for strengthening radio signals. ilql

American biologist Edmund Beecher Wilson publishes The CeIl in
Development and Inheritance. In this landmark work Wilson claims
that higher life forms, whether animal or plant, consist of the struc-
tural'units known as cells. ro

' French mathematicians Jacques Hadamard and C. J. de la Vallee.
v Poussin independently prove the prime number theorem. n^rl

French physicist Antoine-Henri Becquerel discovers radiation from
potassium uranyl sulfate, a uranium compound. See 1897, Marie
Curie. rilYr

Dutch physicist Pieter Zeeman discovers the Zeeman effect, the
splitting of lines in a spectrum when the spectrum's source is ex-
posed to a magnetic field. rHY3

, American physicist Wallace Clement Ware Sabine founds the sci-
ence of architectural acoustics when he develops mathematical
equations to aid in designing lecture and concert halls. 'ltyt

Scottish physicist Charles Thomson Rees Wilson succeeds in pro-
ducing an artificial cloud of water droplets. He now determines that
dust and electrically charged ions in the atmosphere encourage the
formation of clouds.
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American psychologist David Wechsler is born (d. t98t). He will de-
vise the widely used individual intell igence scales that bear his
name: the Wechsler Bellevue, the Wechsler Adult Intelligence, the
Wechs le r  In te l l igence Sca le  fo r  Ch i ld ren ,  and the  Wechs le r
Preschool and Primary scale of Intelligence resrs. He will be the hrst
to combine verbal and nonverbal tests into a composite scale and to
introduce the concept of nonintellective factors of intelligence. r.ycrr

U.S. inventor Edward Goodrich Acheson patents, the Acheson
process for manufacturing graphite by hearing a mixture of coke
and clay. ilol

The first U.S. motorized car to be put on the marker is the Haynes-
Duryea, made by the Duryea Motor Wagon Co. of Massachuserts.
Also this year another American motorcar will be introduced, the
stanley Steamer, invented by brothers Francis Edgar and Freelan
O. Stanley. rrcrl

wi th the support  of  u.s.  astronomer George El lery Hale,  the
world's largest refracting telescope to this day begins operation at
the Yerkes observatory in williams Bay, wisconsin. Its lens is 40
inches (102 cm) in diameter. See also 19l7 and 194g, Hale. rmo

NOBETS SECOND I:HOUGHTS

y the age of thirty-three in 1866, Swedish engineer Alfred Nobel
had secured a place in technological history by combining nitro-
glycerin and diatomaceous earth to produce dynamite. over the

netct thirty years oJ his life Nobel would see his new substance, a saJer al-
ternative to the then-common blasting powder, used to tunnel through roch
Jor construction and. to detonate explosives in the many wars of the late
nineteenth century.

Dismayed at the violence generated by his invention as well as believing
that "[i]nheritedwealth is a misjortune which merely sernes to duil a man,s
Jaculties," Nobel witled shortly beJore his death in Ig96 that much oJ his
Jortunebeused,to establishannualprizesfor science, literature, andpeace.
In 1901 the first Nobel prizes were twarded.: in physics, to wilhelm
Rdntgen of Germany for the discovery of Roentgen rays: in medicine, to
Emil von Behring for the development oJ a diphtheria antttoxin; in chem-
istry, to Jacobus van't Holf oJ the Netherland,s Jor his presentation of laws
oJ chemical dynamics and osmotic pressure in solutions: in literature, to
Rend'Frangois-Armand 'sully" prudhomme oJ France; and in peace, to
Henri Dunant of Switzerland and Friddric passy oJ France.
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German scientist Eduard Buchner (1860-1917) finds rhe chemical
zymase to be the cause of alcohol's fermentation. uo

French chemist Paul Sabatier shows that nickel can be used as a
catalyst. cnln

Henry F. Osborn and the American Museum of Natural History col-
lect dinosaur skeletons in the first of several expeditions to the
Morrison beds of Wyoming. parro

Polish-French physicist and chemist Marie Sklodowska Curie pub-
lishes her first paper on the magnetism of tempered steel. DltYi

British physicist Joseph John Thomson calculates the mass of the
electron (named by Stoney; see 1891), the fundamental particle
that carries the electric charge responsible for electricity. Thomson
is considered the discoverer of the electron, the first known sub-
atomic particle. See also 1899, Thomson.

Marie Curie demonstrates that the radiation Antoine Becquerel dis'
' ' 

covered in a uranium compound in 1896 emanates from the urani-

Um atom. ?HY3

! British physicist Ernest Rutherford distinguishes two types of urani-

um radiation, the massive and positively charged alpha rays and

the lighter and negatively charged beta rays. tnYt

German psychiatrist Sigbert Ganser is first to describe a rare psy'

chot ic  syndrome that  seems to  occur  aS a response to  Severe

StreSS. Ganser's syndrome is characterized by incorrect, absurd,

and si l ly responses to questions requir ing only a factual answer,

hal lucinations, delusions, amnesia, and clouded consciousness.

Some war veterans will be diagnosed as having Ganser's syndrome

before pos[traumatic stress disorder is documented in the late

twentieth century. PtYCll

With his work Suicide: A Study in Sociology, French sociologist

Emile Durkheim becomes one of the first to present a rigorous sta-

tistical study. soc

German physicist Karl Ferdinand Braun invents the oscilloscope, a

modification of the cathode-tay tube that is a predecessor to the

television set. rrctr

U.S. engineer Simon Lake bui lds the Argonaut, which sai ls from

Norfolk, Virginia, to New York under its own power, the first sub-

marine to succeed in the open sea. ttctr

The  f i r s t  i n i t i a l l y  success fu l  a l l -me ta l  d i r i g i b l e ,  des igned  by

Hungarian David Schwarz, travels several miles from Berlin before

crashing. llclr
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Russian engineer Konstantin Tsiolkovsky states a group of mathe,
matical laws that form the basis for the field of astronautics, or
space flight. Artlo

U.s. astronomer william Pickering discovers phoebe, a satellite of
Saturn. ^'no

German scientisrs Friedrich Loeff ler ( lB5Z-1915) and paul Frosch
(1860-1928)  prove that  foot -and-mouth d isease in  l ivestock is
caused by organisms small enough ro pass through bacteriological
filters. uo

The International congress of Zoology organizes an International
commission on Zoological Nomenclature to set up guidelines for nam-
ing animals. In 1981 an extensively revised edition is published. lro

British chemists william Ramsay and Morris william Travers dis-
cover the elements krypton, neon, and xenon. G|fin

French phys ic is t  P ier re  cur ie  and po l ish-French chemist  Mar ie
Sklodowska Curie discover radium and polonium. crrn

Scottish chemistJames Dewar liquefies hydrogen. cllr
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Madame Marie curie with her daughter, Irene. (New york Daity News)
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Heroin is synthesized from morphine. At f irst deemed a useful
painkiller, it proves to be more dangerous and addictive than mor-
phine. qiln

German chemist Johann Goldschmidt invents thermite, which
proves useful in welding because it bunns at high temperatures and
leaves a residue of iron or chromium.

r 898 t

Polish-French chemist and physicist Marie Curie coins the word ra-
dioactivity for the radiation produced by uranium, noting that thori-
um is also radioactive. rttY.

American psychologist William James introduces the term pragma-
tismto audiences at the Universiry of California. trvql

English psychologist Havelock Ellis publishes the first of his seven
volumes on sexuality collectively entitled Studies in the Psychology
of Sex. He is the first to discuss sex in psychological terms, and his
work willbe subject to controversy and litigation.

1898 rr^ the first magnetic wire recording device, called the Telegraphone,
t. is patented by Danish engineer Valdemar Paulsen. ilol
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German art  h istor ian Robert  Koldewy begins excavat ing in
Babylon. For the next eighteen years, these digs will uncover the
remains of Nebuchadnezzar's palace, the Tower of Babel, and the
Gate of Ishtar' ^rol

Using a spectroscope, astronomer William Wallace Campbell dis-
covers that Polaris is a system of three stars. r|lro

French chemist Andr6-Louis Debierne discovers the element ac-
tinium. crln

Scottish chemist James Dewar produces solid hy{rogen, reaching
t h e l o w e s t t e m p e r a t u r e y e t a t t a i n e d : _ 1 4 o K . } ; . n ' . .

German mathematician David Hilbert publishes his Foundattons oJ
Geometry, proposing an improved set of axioms for geometry. r il

British physicist Joseph John Thomson calculates the charge of the
electron, the particle he discovered in 1897. He also argues that
ionization represents the splitting of electrons from the rest of the
atom.
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Franz  Boas becomes the  f i rs t  p ro fessor  o f  an thropo logy  a t
, - \  Co lumbia  Un ivers i ty .  He w i l l  found the  "Amer ican h is to r ica l

.\-*) school," which will stress the importance of historical research into
folklore and belief. toc

British archaeologist Arthur John Evans excavates the palace of
Knossos, the capital of Crete in the time of the legendary Kin$
Minos of the Minoan civilization. ^lcll

osclcncc b elweys wtcng. lf nevct tolvcc a ptoblcm

wllhovl ctceflng Jcn mcltc.E$2tatgc Bctnetd Shll,wt

ll|th plcryarrlgh] end aflfia; c. | 9OO

German biologist Cal Correns, Dutch botanist Hugo de Vries, and
r Austrian botanist Erich Tachermak independently rediscover the

significance of Gregor Mendel's 1866 work in pea pods. These sci-
entists, reexamining this information in the light of Darwin's theory
of evolution, decide that the units of heredity found by Mendel pro-
vide a mechanism through which natural selection operates. rlo

German physic ist  Fr iedr ich Ernst  Dorn discovers the element
radon. cxln

Russian-born American chemist  Moses Gomberg produces tr i '
phenylmethyl, the first known free radical, a molecule with an un-
attached carbon bond that can persist for an appreciable time. ciltt

German mathematician David Hilbert poses Hilbert's second prob-
lem: Whether it can be proved that the axioms of arithmetic are
consistent ( i .e. ,  wi l l  not  lead to contradict ions).  Subsequent at-
tempts to prove this problem are doomed by Godel's theorem (see

1931). The problem is one of several in an address by Hilbert enti-
tled "Mathematical Problems." See also 1934, Gelfond. t trl

German physicist Max Karl Ernst Ludwi$ Planck states Planck's ra-

diation law, giving the distribution of energy radiated by a black-

body. This law, the foundation of quantum theory, introduces the

concept that energy is radiated in discrete packets called quanta.

with this law Planck also introduces the Planck formula and the

Planck constant.
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British physicists John William Srutt, 5rd Baron Raleigh, and James
Hopwood Jeans develop the Rayleigh-Jeans formula for predicting the

o distribution of energy radiated across long wavelengths by a black-
body. German physicist Wilhelm Wien works out the Wien formula for
short wavelengths. Both are limiting cases of the Planck formula. iryr

Physicists measure the increase in the mass of electrons moving at

, speeds close to the speed of l ight, which confirms the Lorentz-
FitzGerald contraction of 1895. plryt

French physicist Antoine-Henri Becquerel determines beta rays iso-
- 

lated in uranium radiation bv Rutherford in 1897 are electrons. lrvr

French physicist Paul Ulrich Villard detects gamma rays-electro-
r' rT?gl1€tic radiation of very short wavelength and high energy-in

uranium radiation. rrilr

English physicist William Crookes discovers that a purified uranium
compound in solution is only slightly radioactive but increases in
radioactive intensity over time, suggesting that radioactivity is a
form of change within the uranium atom. rrrvt

Br i t i sh  phys ic is t  Owen Vf i l lans  R ichardson inves t iga tes  the
Edison effect of 1883 and discovers that heated metals tend to

1 900

I 900

l eoEh
1 900

1 900

1 900

1 900

emit electrons.

Sociologist Herbert Blumer is born.
pher George Herbert Mead, he will
known as symbolic interactionism.

American Benjamin Holt invents the tractor. tlcrl

The Trans-Siberian Railway opens, linking Moscow and lrkutsk. rror

Irish-American engineer John Phillip Holland designs the ftrst mod-
ern submarine to be bought by the U.S. Navy. Named the Holland,
it uses an internal combustion engine and an electric motor. ilGrr

Eastman Kodak's one-dollar, six-exposure Brownie camera is intro-
duced, to great success. rrcNr

The hamburger (ground lean beef)  on toast is introduced by
American businessman Louis Lassen. in Connecticut. ilol

I

tflYt

A student of American philoso-
found the sociological approach

toc
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July 2, 1900 Counr Ferdinand von Zeppelin of Germany flies the first of his se'

ries of ri$id-frame airships. ilcll

U.S. astronomer Annie Jump Cannon introduces spectral subclasses
into the Harvard Classification System for stars. See 1890. ^lilro

Dutch botanist Hugo de Vries is the frrst to report gene mutations

in plants. llo

French chemist Eu$One-Anatole DemarQay discovers the element

europium. clllfl

French chemist Victor Grignard discovers Grignard reagents, a
group of organometallic compounds of magnesium used as cata-
lysts in organic synthesis reactions. crEn

Indanthrene blue, the first synthetic vat dye, is produced. crun

F. A. Forel presents the first textbook on limnology, the intensive
study of the physical and biological features of lakes' rnfll

French physicist Pierre Curie measures the heat emitted by radium
as 140 calories per hour. This energy flow becomes known as
atomic energy because it is presumed to result from inside the
atom rather than being caused by changes in chemical bonds to
other atoms, as in the burning of wood. rtrvt

The U.S. National Bureau of Standards is founded, ptrYt

1901-1920 French pioneer of the unconscious Pierre Marie Felix Janet does
work on ego states via hypnosis. He is able to produce dissociative
states, as are found in multiple personality disorder, and crearc a
deeper understanding of the ego's role in personality. t3Ycll

American Alfred Louis Kroeber founds the anthropology depart-
ment at the University of California-Berkeley. toc

PRAIRIE DOG CITY

he largest grouping of one animal species was the nearly one-haf

billion inhabitant colony oJ black-tailed prairie dogs (Cynomys lu-

dovicianus), discovered in 1901, which spanned twenty-four
thousand miles across the western United States. With its population of

400 million prairie dogs, this colony was fi,fty'five times greater than to-
day's largest tJ.S. human meffopolitan area, New Yorh City, which boasts a
mere 7.5 million residents.
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Dec. 21.

1902
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1902

1902

The Multigraph,
produced by the

A usable electric
Hubert Booth.

T l t E  t t t t t  t i l E  B o o K  O ;  S C t t i l c E

U.s. businessman Parillo Higgins srrikes oil ar the spindletop gusher
in Beaumont, Texas, which becomes one of the nation's most pro-
ductive oil sources. In a short time, Texas becomes the dominant
petroleum-yielding stare.

The mercury-vapor electric lamp is developed, by American engi-
neer Peter Cooper Hewitt. l|cH

German auto maker Gottlieb Daimler introduces a new motor vehi-
cle to the public. The car is named by irs distributor, Austrian
statesman EmilJellinek, for his young daughter Mercedes. rrcrl

Polyunsaturated and unsaturated fatty acids are hydrogenated for
qthe first time by English chemist William Normann. The process,
used to extend the shelf life of food, is later found to increase the
risk of heart disease. ilCNI

the written page, is
tlctl

vacuum cleaner is developed by British inventor
?tctl

I ta l ian electr ical  engineer Gugl ie lmoMarconi broadcasts radio

which prints by reproducing
American Multigraph Co.

1901 X waves from Englund to-Newfoundland,
\, \{ the radio.

marking the invenrion of
tt(Nl

The Code of  Hammurabi ,  the oldest known legal  code, f rom
r Mesopotamia in 1775 s.c., is discovered at Susa, Iran, by French

archaeologists. rlcx

Whi le studying blood, American biochemisr Lawrence Joseph
Henderson introduces the nomogram (a chart of scaled lines for fa-
cilitating the calculating of variables) inro biology.

lgOZ . / i  Wtrite studying beans, Brit ish geneticisr Will iam Bateson deter-

+ mines that variations in the beans caused by nutrition factors and
the environment are not inherited by their offspring. lto

Polish-French chemist and physicist Marie'sklodowska Curie makes
a frrst determination of the atomic weight of radium as 225.9i. cxlr

physicist Ernest Rutherford and British chemist Frederick
demonstrate that uranium and thorium break down in the
of radioactivity into a series of radioactive intermediate ele-

cxln

German-American chemist Herman Frasch perfects a method of re-
moving sulfur from deep deposirs by using superheared water ro
melt the substance. qrrr

Brit ish
s soddy

course
ments.
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. British-American engineer Arthur Edwin Kennelly and, indepen-
dently, oliver Heaviside discover the Heaviside-Kennelly layer (or
E-layer), a layer of the ionosphere (a part of earth's atmosphere)
that reflects medium-frequency radio waves, rrrnl

French meteorologist Leon-Philippe Teisserenc de Bort identifies
the troposphere and sffatosphere as rwo distinct layers of the
earth's atmosphere.

Denmark, Sweden, Norway, England, the Netherlands, and Russia
establish the International council for the Exploration of the Seas, a
still-functioning body. rrrrtl

German mathematician Gottlob Frege refines and extends Boole's
1847 system of symbolic logic but is unable to account for an ap-
parent self-contradiction noted by British mathematician Bertrand
RusSell. rlnl

French mathematician Henri Lebesgue redefines the theory of inte-
gration, introducing the Lebesgue measure.

r902

! , . fect (see 1887, Hertz), discovers that it results from the emission of' 
electrons by certain metals in response ro specific wavelengths of
light. '|ty,
American psychologist Carl Ranson Rogers is born (d. l9g7). He
will rake the focus off the psychoanalyst's couch and remove any
author i ty  the  therap is t  has  over  an  ind iv idua l  seek ing  he lp .
Preferring the term client to patient, he will develop client-centered
therapy, an introspective psychotherapy that concentrates on an
individual's personal growth potenrial and self-healing capacity.
Rogers will align with Abraham Maslow's later, related ideas of seif-
actualization. llyql
The American Anthropological Association is founded, n
Austrian-born German chemist Richard Adolf Zsigmondy devises
the ultramicroscope, a microscope that makes use of the Tyndall
effect (see 1869) to view colloidal particles. rtctl
The first auromat, operared by the Horn &. Hardart Baking co.,
opens in Philadelphia. It dispenses food from a series of glass-
walled compartments that open when money is deposited. trol

E 
American geneticist walter sutton publishes a paper called ..The
chromosomes Theory of Heredity," claiming that hereditary factors
are located in chromosomes. ro
Norwegian chemists Kristian Birkeland and samuel Eyde introduce
the Birkeland-Eyde process for the frxation of nitrogen by passing
air through an electric arc. flr

1902

1902

t902

1903

227



o3

+
t 9

|  9 0 3

1903

1903

1903

1903

1903

1903

1903

Dec.  17 .
1903

1904

1904

1904 ,

t H E  t t m E l l l { E  B O O K  O F  S C I E i l C E

Norwegian explorer Roald Amundsen becomes the first to sail
through the Northwest passage, rhus reaching the pacific ocean
from the Atlanric. He will also be the first to reach the South pole.
See December 16, 1911. rrlnl

In his History of Mechanfcs, German physicist Ernst Mach critiques
the concepts of absolute space and time in Newtonian physics in a
work that influences Albert Einstein in 1905. plrvt

French mathematician Jules-Henri poincard argues that small dis-
crepancies in initial conditions can result in large differences within
a short period. This observation wil l become important to chaos
theory in the 1970s and later. rrty3

Phenobarbital, a barbiturate and potent sedative, is first used. piycx

R u s s i a n  e n g i n e e r  K o n s t a n t i n  T s i o l k o v s k y  p u b l i s h e s  " T h e
Investigation of Universal Space by Means of Reactive Devices," a
seminal article in astronautics in which he suggests liquid hydrogen
and liquid oxygen for use as propellants. rlcll

Henry Ford and twelve inventors found and incorporate the Ford
Motor Co. in Detroit, Michigan, introducing their first automobile,
the eight-horsepower, two- cylinder Model A. rlctr

The Harley-Davidson motorcycle is developed in Mi lwaukee,
Wisconsin, by William Harley, Arthur Davidson, Walter Davidson,
and others. rrcrr

The Springfield rifle, which will be used widely in the armed forces,
is developed at the U.S. arsenal in Springfield, Massachusetts. rrctl

At  Ki t ty Hawk, North Carol ina,  Orvi l le Wright f l ies 120 feet in
twelve seconds, in a twelve'horsepower biplane built by him and
his brorher Wilbur. It is the first successful flight of a heavier-than,
air machine. ilctl

American-Ar$entine astronomer Charles D. Perrine discovers the
sixth satell i te of Jupiter. By the end of this century, rhe total of
Jovian moons known will be brought to sixteen. arrro

German astronomer Johannes Franz Hartmann discovers spectral
absorption lines that indicate the existence of interstellar clouds of
gas and dust. trrro

German biologist Theodor Boveri, experimenting with sea urchins,
decides on the necessity of a full set of chromosomes for an em-
bryo's normal development. This discovery, coupled with Walter
Sutton's discovery (see l9O3), will form the basis for the Sutton-
Boveri chromosome theory of inheritance. lro

The local anesthetic novocaine, or procaine, is synthesized. clrn1904
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The Wright Brothers' famous flight at Kirty Hawk, North Carolina. (Wright State
University)

1904

1944

1904

1904

1904
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German chemist Richard Abegg suggests that chemical reactions
occur when electrons transfer from one atom to another. cnlr

r English chemist Frederick Stanley Kipping discovers silicones. cnrm

, Norwegian-American meteorologist Jacob Bjerknes publishes weather
Forecasting as a Problem in Mechanics and pftysics, an influential study
that takes a scientific approach to weather forecasting. l lfl

r German mathematician Ernst Zeimelo formulates Zermelo's axiom
of choice, which states that in any set of mutually exclusive non-
empty sets there exists at least one set that contains one, and only
one, element in common with each nonempty set. paul J. Cohen
will show (see 1963) that the axiom of choice cannot be proved
within set theory. n nr

Rockefeller Institute scienrists, including Austrian-American pathol-
ogist Karl Landsteiner, discover the Rhesus factor in blood. This
subgrouping of blood rypes, which determines if a person is Rh
positive or Rh negative, will make blood transfusions safer. rrD

scotr ish paleontologist  Robert  Broom pubr ishes papers on rhe
cretaceous and rriassic dinosaurs of south Africa which mark the
beginning of sustained studies of dinosaurs in that region. plrro
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British physicist Hertha Marks Ayrton becomes the first woman
ever to address the Royal Society, reading a paper on the origin
and growth of ripple marks in sand. She also becomes known
about this time for her research on electric arcs. ttrr.

*.Brit ish physicist Joseph Thomson proposes a model for atomic
structure in which electrons are embedded in a positively charged
atom like raisins in a pound cake. ilrv.

t Experimenting with the scattering of X rays, Brit ish physicist
Charles Glover Barkla discovers that the number of charged parti-
cles in an atom varies according to its mass. He also shows that X-
rays are transverse waves like light, confirming their electromag-
netic nature. trfvt

British physicist William Henry Bragg shows that the energies of al-
pha part ic les are emit ted only wi th in certain sharply def ined
ranges.

American psychologist Edward B. Titchener establishes an organi-
zation of experimental psycholo$ists who espouse the psychologi-
cal viewpoint that will be referred to as existential psychology, or
existentialism, which emphasizes subjectivity, personal decision,
free will, and individuality. It will serve as a counterbalance to theo-
ries that stress the role of society and social groups. ?tvdl

German sociologist Max Weber publishes The Protestant Ethic and
the Spirit oJ Capitalism, which relates Protestant ideals to the devel-
opment of capitalism. toc

The first electron radio tube, the diode thermionic valve, is devel-
oped by British engineer John Ambrose Fleming. tlol

Using hand-crafted muslin pouches, U.S. shop proprietor Thomas
Sullivan invents the teabag. ilql

American aviator Orville Wright accomplishes the first airplane ma-
neuvers when he makes a turn with an airplane. On September 20
his brother Wilbur makes the first complete circle. trdr

U.S. astronomers Thomas Chrowder Chamberlin and Forest Ray
Moulton formulate an early version of the planetesimal hypothesis,
which states that the solar system was formed by accretion from
smaller particles called planetesimals. This part of their theory will
come to be accepted (see 1944, Weizsiicker), though their belief
that the solar system resulted from gaseous matter being pulled out
of two stars as a result of a near collision will be discredited (see

1935, Russell). lfiro

German chemist Richard .Willstdtter discovers the structure of
chlorophyll. nr
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German physicist Albert Einstein proposes the theory of special rela-
J ilvity, which accounts for physical phenomena at constant (nonaccel-

. erated) velocities close to the speed of light. This theory assumes rhar
the speed of light is a constant and shows that velocity has meaning
only in that ir is relative to the observer. It upholds the validity of
Newton's laws of motion for subrelarivistic speeds, or speeds far be,
Iow the speed of light, and accounts for the Lorenrz-FitzGerald con-
traction (see 1895). See also 1916, leneral relativity. pryt

Einstein deduces as a consequence of his theory of special relativity
' (see above) that the mass of a body is a measure of its energy con-

; , tent, according to the equation E = flic2, where E is ener$y, m is
mass, and c is the velocity of light. This means that previous con-
servation laws (see 1769, Lavoisier, and 1847, Helmholtz) can be
unified into a single law of the conservation of mass-energy. pxvr

Einstein explains the photoelecrric effect (see 1902, Lenard) as a
consequence of  quantum theory (see 1900, Planck).  Einstein 's
treatment shows that light, rhen regarded solely as a wave, can
also be seen as a particle in some respects. A unit of light regarded
as a particle, or a quantum of electromagnetic radiation, will be-
come known as a photon.

Einstein formulates an equation to describe Brownian or Brunonian
motion (see 1827) that will permit scientisrs ro deduce the size of
molecules and atoms.

American physicist Percy williams Bridgman attains high-pressure
conditions equal to 20,000 atmospheres. rny3

French psychologist Alfred Binet publishes his first barteries of tests
intended to measure intelligence, and introduces the term intelti-
gence quotient or 1Q for a score representing an individual's intelli-
gence as measured against a standard r.yor

Dutch astronomer Jacobus cornelis Kapteyn begins a survey of the
Milky way in which he wil l calculare the galaxy's diameter as
23,OOO light-years and its thickness as 6,000 light-years, closer ro
the truth than the 1785 results by wil l iam Herschel but sti l l  too
small .

1  906 u.S. astronomer Percival Lowell begins searching for a planet be-
yond Neptune that would account for irregularities in the orbit of
uranus, but no such planet is discovered until after his death in
1916. See February 18, 1930, Tombaugh. rrrro

1906 . German astronomer Karl Schwarzschild theorizes that radiation is
the principal cause of heat transmission within stars. rr?ro

I 905

1 905
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British naturalist Henry Guppy publishes Plant Dispersal, the second
volume of Observations of a Naturalist in the Pacific Between 1896
and 1899. In it Guppy tries to account for the current geographical
distribution of plants and writes extensively about plant dispersal
by flotation in seawater. ilo

German chemist Richard Willstiitter shows that chlorophyll mole-
cules contain magnesium. uo

Brit ish biologist Wil l iam Bateson coins
study of how physical, biochemical, and
mitted from parents to children.

Austrian chemist Carl Auer von Welsbach and
Georges Urbain discover the element lutetium.

Russian botanist Mikhail Semenovich Tsvett develops the technique
of chromatography for separating complex mixtures. clrn'

American millionaire Andrew Carnegie finances the foundation of
the Geophysical Laboratory in Washington, D.C., for the experi-

1906

1 906

1906

1 906

l 906

1 906

Apr .  18 ,
I 906

I 906

1 906
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lto

French chemist
cHlt

mental study of minerogenesis and petrogenesis.

John William Strutt discovers radioactivity in seawater.

The most deadly earthquake in U.S. history strikes San Francisco,

devastating more than 4 square miles and killing more than 500
people. The earthquake will later be estimated to have measured

8.3 on the Richter scale (see 1935, Charles Richter). lllnl

French mathematician Maurice Frdchet develops functional cal-

culus' n i l

Russian mathematician A. A. Markov develops Markov chains, or

strings of linked probabilities. n fll

West German physician Josef Schrudde develops a way to scrape

fat off the body through small incisions in the skin. In the 1970s,

Swiss physician Ulrich Kesselring will add suction to the process of

fat scraping, creating liposuction (suction lipectomy). trD

British physicist William Thomson disputes the developing theory of

radioactive disintegration of atoms, suggesting that radium (discov-

ered in 1898) is not an element but a molecular compound of lead

and helium. Marie Curie will later prove him wrong. See 1911. DHYJ

British physicist Ernest Rutherford and German physicist Johannes
Hans Wilhelm Geiger discover that alpha particles are related to he-

lium atoms. PtlYt

British physicist Charles Barkla discovers a phenomenon character-

istic of X rays: when they are scattered by diverse elements, more

massive elements produce more penetrating X rays. DrrYl

the word genetics for the
behavioral traits are trans-

rttfll

rltilr

y+

K
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1907

1907

- German physical chemist Walther Hermann Nernst states the third
law of thermodynamibs, that all bodies at absolute zero would have
the same entropy, though absolute zero can never be perfectly at-
tained, rttYt

Upon the death of her husband Pierre Curie, Marie Curie takes his
place at  the Sorbonne, becoming the universi ty 's f i rst  woman
professor. trrv3

_ British physicist Joseph John Thomson shows that a hydrogen atom
o 

has only one electron, contrary to other theories that had been pre-
dicting many more. tflYt

American psychiatrist Morton Prince is the key individual behind
the establishment of theJournal oJ Abnormal Psychology. ttvctl

British anthropologist W. H. R. Rivers introduces the genealogical
method into social science research in his work The Todas. roc

The Audion, or three-electrode vacuum rube amplifier, is invented
by American Lee De Forest. This device makes the further develop-
ment of radio possible. rrcrl

Biological productivity studies, measuring the amount and rate of
production occurring in a given ecosystem in a certain time period,
become popular. Biological productivity may apply to single organ-
isms, populations, or entire communities and ecosystems. The con-
cept helps scientists better understand food and fiber production, in
addition to giving information about nonharvestable organisms. lro

American zoologist Ross Granvil le Harrison becomes the first to
culture tissues successfully. rlo

Dutch botanist Hugo de Vries publishes Plant Breeding, providing addi-
tionalsupport for the importance of mutations in plant evolution.. lro

Swiss chemist Jean-Charles de Marignac discovers the element
ytterbium. crrr

At Mauer, near Heidelberg, Germany, quarry workers discover a ho-
minid mandible. Whether it represents Homo erecfi.rs, Neanderthal
man, or some other intermediate form remains unclear.

Russian-born German mathematician Hermann Minkowski publish-
es Time and Space, in which he sets forth a mathematical treatment
of a four-dimensional universe in whiCh time is the fourth dimen.
sion. Einstein wil l  make use of Minkowski 's model in his 1916 gen-
eral theory of relativity.

American chemist Bertram Borden Boltwood proposes that lead is
the final product of the radioactive decay of uranium and thorium,
arguing that knowing the rate of decay will make radioactive dating

tnoq (
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French physicist Pierre Weiss develops the theory that ferromag-
netic substances consist of small magnetized regions called do-
mains and that in strongly magnetized pieces the poles of the do-
mains are aligned. iltY3

American sociologist William Graham Sumner publishes Folkways,
in which he analyzes rhe lasting impact of folkways and mores. He
here oriSinates the concept of ethnocentrism, or the belief in the
superiority of one's own culture. toc

Nearly frictionless chrome and manganese-alloy ball bearings are
developed by Swedish engineer Sven Gustav Wingquist. tlcrl

The first all-in-one electric clothes washer, the Thor, is developed
by the Hurley Machine Co. in Chicago. The Maytag yasher is intro-
duced in Iowa later this year. trctl

The Archaeological Institute of America acknowledges the impor-
tance of conducting investigations in the New World when it estab-
l ishes the School  of  American Archaeology in Santa Fe, New
Mexico.

U.S. astronomer George Ellery Hale identifies magnetic fields in
sunspots, leading to the discovery of the largely magnetic nature of
sunspots. ltllo

A mysterious event near Tunguska, Siberia, creates huge craters,
destroys a herd of deer, and levels trees for twenty miles. Later it
will seem probable that the site was hit by a meteorite, possibly a
small comet or a chunk of one, rttlo

Danish astronomer Ejnar Hertzsprung describes both the giant and
dwarf stellar categories, also proposin$ the concept of absolute
magnitude, or how to identify what the brightness of a star would
be if all stars were seen at a snndard distance. lrlrto

The hrst biological autoradio$raph is taken when a frog is made ra-
dioactive and placed on a photographic plate, so that an image of
the entire animal is formed. llo

American zoologist Joseph Grinnell suggests that competition be-
tween species is a force that results in their adopting similar, yet
separate habitats-distinct ecological niches.

English scientist Will iam Bayliss publishes his research on hor-
mones in The Nature oJ En4tme Actton. llo

l 908
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English mathematician Godfrey H. Hardy and German obstetrician
wilhelm weinberg independently formurate the now-designated
Hardy-weinberg'law, which srares that population gene and geno-
type frequencies remain constant from generation to generation if
mating is random and if mutation, selection, immigration, and emi-
gration do not occur. This law is nory a fundamental principle of
population genetics. rlo
Dutch physicist Heike Kamerlingh onnes liquefies helium ar 40 K,
reaching temperatures as low as 0.8o K, although he is unable to
solidifv helium.

German chemist Fritz Haber devises the so-called Haber process
for producing ammonia by the reaction of nitrogen with hydro-
gen. It has become valuable in fixating nirrogen for fertilizers and
explosives. flt
F rench mathemat ic ian  Maur ice  Frechet  in t roduces  abs t rac t
Spaces. f,A1l
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French physician Charles Mantoux invents a
berculosis.

test to detect tu-
, r u D

a thorough
dating from

ttlto

at Le Mustier and La
ttlto

German paleonrologist Friedrich von Huene publishes
monograph on the Triassic dinosaurs of Europe, those
the earliest period of dinosaur evolution.
In wyoming,'paleontologists charles H. Sternberg and his sons
charles M., George, and Levi discover the first known fossilized di-
nosaur skin, an impression of the skin of a duckbilled dinosaur. ,AEo
Neanderthal remains are recovered in France
Chapelle-aux-Saints.

using Einstein's equation based on Brownian morion (see 1905),
French physicisr Jean-Baptiste perrin calculates the approximate
size of an atom as one hundred-millionth of a centimeter. rtrv.
The International conference on Electric units and standards adopts
the international ampere as the basic unit of electric current. -r,
Physicist Louis Paschen discovers the paschen series of lines, in the
far-infrared region of the hydrogen spectrum. rrrvl

Austrian psychoanalyst Abraham Arden Bril l  becomes sigmund
Freud's translator inro English. Brill coins the psychoanalyric term
id from Freud's German word for the unconscious, Es (it), by adopt-
ing the Latin word for it.

r 908

255



|  9 0 8

1 908

1 908

{ 908

1909

1 909

1 909

T H E  T I M E l I N E  B O O K  O F  S G I E } I G E

American political scientist Arthur F,
of Government, in which the concept
state is central.

Bentley publishes The process
of the group rather than the

loc
German physicist Johannes Geiger invents the Geiger counter, a de-

t vice to detect and measure the ionizing particles emitted by ra-
dioactive substances. See also l9}g, M0ller. IEGH

oilolhlng hc,c ',pr",od tcat',ll'l)la l',,,llng ln thtt aounlry mcl|c
]hen ]hc vse ol ]hc eulomoblle.E-wc,o,dtow W4llto,n, ifinaelon

unlverg,lly prc'l'dent end ll.s. pretldcn].Jo.bei I gog

" 
Henry Ford introduces the only-in-black Model T, which at Sg50.50
becomes a narionally best-selling automobile. IEGH
The gyrocompass, which derermines direction by the rotation of
the earth, is developed by German engineer Hermann Anschutz-
Kampfe. rtcll
Dutch botanist Wilhelm L. Johannsen (t gST-tg:27) suggests the
term genes for the units of inheritance inside chromosomes. lro
Austrian chemist Fritz pregl develops techniques for analyzing
minute amounts of organic chemicals. crtn
The system of pH numbers for quanrifying acidiry and alkalinity is
developed by Danish chemist Soren peter. Lauritz. cHrr
croatian geologisr Andrija Mohorovidi6 notes a change in properties
thirty-two kilometers (20 miles) beneath the earth's surface. The
Mohorovicic discontinuity, or Moho, marks the junction berween
the earth's mantle and its crust.

Florence Bascom,  the  f i rs t  female  ph .D.  f rom Johns Hopk ins
university, edits the U.s. Geological Survey's phiradelphia Folio,
which will remain one of the most comprehensive geological de,
scriptions of the area from Maine to Maryland.

U.S. Navy engineer Robert R. peary, his African-American
driver Matthew Hansen, and three Eskimos and their dogs
nrst to reach the North Pole.

rlrrH

dogsled
are the

lAril

American neurosurgeon Harvey cushing (1869- lgs9) discovers
that acromegaly, a form of giantism, is due to an overproduction of
the growth hormone in the pituitary gland. when cushing surgically
removes a portion of the oversized gland, the patient's symptoms
disappear. This proves to have been an imporrant srep in under,
standing hormone activity. rlD
French physician charles Nicolle (1866-19i6) discovers that the
body louse is responsible for transmitting epidemic typhus. nrD
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1909 Paleontologist Earl Douglass of the Carnegie Museum in Pittsburgh
d iscovers  an  a lmost  comple te  ske le ton  o f  an  Apatosaurus
(Brontosaurus) at the Carnegie Quarry in what is now Dinosaur
National Monument, Utah. Excavations from now through 1923
will uncover the largest known concentration of Jurassic dinosaurs,
including the Diplodocus, Stegosaunrc, Antrodemus (Allosaurus), and

, Camptosaurus. D lro

1909-1912 German paleontologists begin expeditions in Tendaguru, East Africa
(now Tanzania). Among the finds in the quarry of Jurassic dinosaurs
is a skeleton of the largest known sauropod, Brachiosaurus. rlrro

1909 In the Canadian Rockies, American paleontologist Charles Doolittle
Walcott discovers the rich fossil site known as the Burgess Shale.
This site contains the soft-bodied remains of creatures that lived
530 million years ago, just after the Cambrian explosion of multi-
cellular organisms. ruo

1909 With the founding of Chicago's Juvenile Psychopathic Institute by
psychiatrist William Healy, the first mental health facility specifical-
ly for children is established, marking the beginning of the child

Robert Peary. (National Archiyes)

guidance movement.
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American physicist William David Cootidge develops a method of
producing fine tungsten wires for use as hlamenm in light bulbs. rrot

Bakelite becomes the first thermosetting plastic, one that once set

does not soften under heat. Made of phenol and formaldehyde, it is
invented by Belgian-American chemist Leo Hendrik Baekeland.
Bakelite will be used frrst for electrical insulation, then later for a

ttolnumber of consumer products.

On July 25, Louis Bleriot becomes the first to tly across the English
Channel, from France to England. lrcrl

As a pioneer of small-animal experiments, American biochemist
Elmer Verner McCollum (1879-1967) establishes the first white'rat
colony in the U.S. for nutrition research. He will subsequently iden-
tify vitamins A and B and prove the necessity of trace elements.
McCollum will also show that a calcium deficiency produces tetany
(muscular spasm). tlo

This decade sees the foundation of the influential Norwegian, or
Bergen, school of meteorology'. r rilr

American geneticist Thomas Hunt Morgan discovers the sexual
differences in the inheritance of traits now known as sex-linked
inheritance. tlo

William Burton uses thermal cracking to refine petroleum oil, om

During work on celestial mechanics, Jules-Henri Poincare develops
modern tide theories' .r.o.

The first commercial flight of a dirigible, or airship, is made, in
Germany. Piloted py Count von Zeppelin and carrying Menty pas-
s e n g e r s ,  t h e  d i r i g i b l e  t r a v e l s  f i v e  h u n d r e d  m i l e s ,  f r o m
Friedrichshafen to Dusseldorf, in nine hours. urnt

B r i t i s h  m a t h e m a t i c i a n s  B e r t r a n d  R u s s e l l  a n d  A l f r e d  N o r t h
Whitehead begin publication of their Principia Mathematica, the
most defrnitive effort yet at rooting mathematics in logic and build-
ing it systematically. rlrll

German bacteriologist and 1908 Nobel Prize-winner Paul Ehrlich
produces the arsenical compound salvarsan, the first drug effective
in treating syphilis. This discovery marks the be$innin$ of modern

1 9 1 0

chemotherapy.
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1 9 1 0 American paleontologist  Barnum Brown begins to excavate
Cretaceous dinosaurs at the Red Deer River in Alberta, Canada.
U.S. paleontolotists Charles H. Sternberg and sons will begin a sep-
arate dig at the same site in 1912. Brown's expeditions ar this rich
site wil l last through 1915, the Sternbergs'through 1917. r lto

British physicist Joseph John Thomson confirms the existence of
isotopes by using positive cathode rays to measure the atomic
masses of two different isotopes of neon. Frederick Soddy (see
l9l3) will further develop the concept of isotopes. rftyl

University of Frankfurt psychologists Max Wertheimer, Kurr Koffa,
and Wolfgang Kohler reject the prevailing associationism dominat-

' 
ing German psychology and together found the school of Gestalt
psychology, dealing mostly with perception processes and behav-
ior. Gestalt therapists wil l seek to restore an individual's natural
mental balance by heightening awareness, emphasizing present ex-
periences rather than recollections of the past. rtvql

Eric Berne, who will become known as the father of transactional
analysis, is born in Canada (d. l97O). Berne will advocate this form
of psychotherapy to help people exchange their  feel ings and
thoughts more effectively. Among his popular books will be Games
People Play (1964). rrYcrl

Scottish anthropologist James George Frazer publishes Totemism
and Exogamy,wh ich  w i l l  in f luence V iennese psychoana lys t
Sigmund Freud in Totem and Taboo (1913), in which Freud will ana-
lyze the practices of "primitive" peoples to shed light on modern
Western people's neuroses. roc

American sociologist Robert Merton is born. A student of Talcott
Parsons (see 1937), Merton will attempt to unite theoretical and
empirical research. toc

Steel begins to be used instead of wood in car bodies, for the Ford
Model T. rrcll

The Pathe Gazette, a movie newsreel, is conceived by Frenchmen
Charles and Emile Pathe. These newsreels are first presented in

1 9 1 0

1 9 1 0

1 9 1 0

British and American markets.

1 9 1 0  r Cartoonist John Randolph Bray patents the cel process of anima-
tion. Nearly two decades later, in 1928, American filmmaker Walt
Disney wil l l icense it to create the first Mickey Mouse cartoon,
"Steamboat Wil l ie."

Using modern archaeological methods, Amadeo Maiuri begins the
excavation of Pompeii and Herculaneum, destroyed by the erup-
tion of Mount Vesuvius in 79.

1 9 1 0
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A meteorite kills a dog in Nakhla, Egypt, in the only recorded case
of a mammal's death by a meteorite. rfiro

Working independently, Danish astronomer Ejnar Hertzsprung

and, in 1913, U.S. astronomer Henry Norris Russell plot the magni-

tudes of stars against their colors and spectral classes. The resulting
Hertzsprung-Russell diagram will provide important evidence for
theories of stellar evolution. ^tlro

American geneticist Hermann Joseph Mtiller begins experimental
breeding of the fruit fly (Drosophil). He will be best known for his
discoveries of gene mutations caused by X rays and dire warnings
concerning the effect of nuclear radiation on human genes. rto

American genet ic ists Thomas Hunt Morgan and Al f red Henry
Sturtevant devise the frrst chromosome map, found by investigat'
ing the separation frequency of chromosome crossover from one
gene to another.

Roald Amundsen reaches the Antarctic Pole just ahead of Robert
Falcon Scott, who will arrive on January 14, 1912. r tfll

The American Nurses' Association is established. Within fifty years
i t  wi l l  be the largest professional  women's organizat ion in the
world. tlD

Polish-French chemist and physicist Marie Curie shows conclusively
that radium is an element, disproving Will iam Thomson's argu-
ment. See 1906. tfrt

British physicist Ernest Rutherford proposes a model of the atom in
which the atom is most ly empty space. A massive,  posi t ively
charged atomic nucleus is surrounded by outer regions of negative-
ly charged electrons that leave the atom electrically neutral. This
model makes it clear that alpha particles are helium nuclei, not he-
lium atoms. See also 1915, Gei$er and Marsden. tHYt

1 9 1 1

1 9 1  1

1 9 1 1

Scott ish physic ist
cloud chamber, a
izing radiation.

American physicist Robert
charge of a single electron.

Char les Thomson Rees Wil l iams invents the
device for studyin$ the paths of particles of ion-

DT]Y'

Andrews Millikan calculates the electric
.)

tlfY3

Dutch physicist Heike Kamerlingh Onnes discovers superconductiv-
ity, the absence of electrical resistance in certain substances at

temperatures close to absolute zero. tflYt

Swiss psychiatrist Eugen Bleuler introduces the terms schizophrenia

and ambivalence into psychiatry. Schizophrenia, or split minds, de-
notes what Bleuler considers a mental split from reality. ttYcrl

t9t  t -1920
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German neurologist Alois Alzheimer discovers the presenile demen-
tia, or irreversible mental and intellectual deterioration. that wil l
bear his name as Alzheimer's disease.

l 9 t  I
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l 9 t 2

French psychologist Alfred Binet and French physician Th6odore
Simon develop the series of graded intelligence tests to measure a
person's intelligence quotient, or IQ, that becomes known as the
Binet-Simon scale. rrvctl

American ethnologist Alice Cunningham Fletcher publishes The
Omaho, Tribe, her most important monograph on American Indian
culture. roc

American anthropologist Franz Boas publishes
The Mind of Primitive Man.

influential work
toc

C. F.  Ket ter ing,  Amer ican bus inessman and owner  o f  Dayton
Engineering Laboratories (Delco), develops the elecric self-starter,
which will be widely used for automobile and truck engines. rtcrl

The Chevrolet Motor Co. is founded by American automobile pio-
neer W. C. Durant. The company takes i ts name from Durant 's
partner, Swiss-American race-car driver Louis Chevrolet.

A sulfate process using alkali rather than acids improves paper pro-
duction, resulting in-among other products-a sturdy brown ma-
terial called Kraft paper. rrcil

) American archaeologist Hiram Bingham discovers the Inca strong,
holds of Machu Picchu and Vitcos near Cuzco, Peru. ncrl

Harvard astronomer Henrietta Leavitt discovers that the period of
pulsation of a Cepheid variable star, one that varies in brightness in
a regular  way,  increases wi th  the s tar 's  luminos i ty  or  in t r ins ic
brightness. This period-luminosity curve, as it is called, will become
the basis for determining the distances of galaxies and distant
stars. See 1914, Shapley. ^rro

Austrian-American physicist Victor Franz Hess discovers evidence
of the existence of cosmic rays. rrrro

Dutch physical chemist Peter Joseph William Debye develops equa-
tions describing the behavior of polar molecules or dipoles, mole-
cules with pairs of separated opposite electric charges. His work
leads to the concept of the dipole moment, the product of the posi-
tive charge and the distance between charges.
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German geologist Alfred L. Wegener proposes the theory of conti-
nental drift, arguing that the granite continents float on the basalt
ocean floor, changing position over the ages. He claims that all the
continents once formed a single landmass called Pangaea. At first
rejected, his ideas bear similarities to the theory of plate tectonics
(see 1960, Henry H. Hess), which holds that it is plates bearing con-
tinents, not the continents themselves, that move. urril

For the next two years, Russian K. Silovski applies ultrasonic tech-
niques to detect icebergs and submerged ice. rrrflr

A compendium on the hydrology of the Mediterranean Sea, includ-
ing numerous temperature and salinity stations, is published by N.
Nielson. reril

Following the sinking of the Titanic on the night of April 14-15, un-
derwater acoustics and communications becomes a rapidly grow'
ing area of study. rurl

Brit ish biochemist Sir Frederick G. Hopkins and Dutch physician
Christian Eijkman establish the role of the accessory food factors
called vitamins and are the frrst to pinpoint a dietary-deficiency dis-
ease. Polish-American biochemist Casimir Funk, theorizing that
some diseases are caused by a lack of certain substances in the
diet, coins the term vitamin for these missing substances. ruD

English amateur archaeologist Charles Dawson claims to have dis-
covered the missing link between apes and humans at Piltdown in
Sussex, England. This so-called Piltdown man skull will fool paleon-
tologists until 1953, when it will be shown to be a hoax, an artful
combination of an ape's jaw and a modern human skull. rlrro

German physicist Max Theodor Felix von Laue discovers how to
use crystals for X'ray diffraction, permitting measurement of the
wavelength of X rays. rnY.

Brit ish physicist Joseph Thomson studies canal rays (see 1886,
Goldberg), which he calls positive rays, since they are streams of
positively charged atomic nuclei. He discovers also that there are at
least two different varieties of neon atoms. ttfv.

Emile Durkheim publishes his Eleme:ntary Forms of Religious LiJe, a
major work in the development of cultural anthropology.

German chemist Carl Bosch improves the Haber process for mak-
ing ammonia (see 1908) and implements i t  in large industr ia l
plants. trcrr

German chemist Friedrich Bergius develops a coal hydrogenation
process in which coal and heavy oil are treated with hydrogen to
produce gasoline. rrcrl
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American chemist Irving Langmuir finds that rungsten filaments in
light bulbs filled with inert gases last longer than those in vacuum

1912

1912

t9 l3

light bulbs.

The f i rs t  aeroboat ,  o r  amph ib ious  a i rc ra f t ,
German-American engineer Grover Loening.

An effective high-vacuum tube, which amplifies
developed by American physicist H. D. Arnold.

llol

developed, by
tlclr

electric current, is
llcll

The Alpha Beta Food Market and Ward's Groceteria, two self-
service grocery stores, the forerunners of supermarkets, open inde-
pendently in California. ilol

Danish astronomer Ejnar Hertzsprung discovers that a Cepheid vari-
able star of absolute magnitude -2.3 has a period of 6.6 days. rrlro

British chemist Frederick Soddy and, independently, Polish chemist
Kasimir Fajans state the radioactive displacement law, which de-
scribes the loss of mass and electric charge incurred by radioactive
atoms. Soddy coins the term isotopes for atoms of the same element
that have a differing mass and differing radioactive properties. crrrn

American chemist Theodore William Richards finds that the atomic
weight of lead varies according to the quantiry of radioactive material
in the lead ores, a finding that supports the corcept of isotopes. cxrr

t 9 l 3  t

t9 t3 -1917

19r3-1919

1913. German chemists Leonor Michaelis and Maud Lenora Menten for-
,+ / mulate the Michaelis-Menten equation describing the rate at which

enzyme-catalyzed reactions take place. cfiln

French physicist Charles Fabry proves the existence of an ozone
layer in the upper atmosphere. rrril

Large numbers of bottles are launched to study surface currents in
the Sea ofJapan. r rill

Dutch mathematician Luitzen Egbertus Jan Brogwer develops llis
theory of intuitionism, in which mathematics is considered ro begin
with a basic intuition of natural numbers. Truth claims are then
made through constructivity rather than consistency, as advocated
by German mathematician David Hilbert. See 1900. r nl

In  a  book  on  the  R iemann sur face ,  German mathemat ic ian
Hermann Weyl develops new concepts and definitions that will be
important to later research on manifolds. r nr

German surgeon A. Saloman develops the technique of mammog-
raphy, an X-ray procedure to detect breast cancer. rrD

Autopsies become legal in China. xrD

Danish physicist Niels Bohr applies quanrum rheory to rhe srrucrure
of the atom, describing electron orbits and electron excitation and
de-excitation. ffir

1913
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German physicist Johannes Stark discovers the Stark effect, a multi-
plication in spectral lines caused by stron$ electric fields. trfvl

Johannes Hans Geiger and Ernst Marsden provide supporting evi-
."' dence for Rutherford's model of the atom (see l9l1) when they di-

rect a beam of alpha particles at a piece of gold foil and note that a
few of the particles are deflected. ;frYt

Swiss  psych ia t r i s t  Car l  Gustav  Jung breaks  w i th  h is  teacher ,
Sigmund Freud, and develops his own theories. He wil l classify

1 people as introverts and extroverts and theorize that certain ideas,
which he will call archetypes, are inherited from the distant past
and are a part of all peoples' unconscious, referred to as the collec-
tive unconscious.

American psychologistJ. B. Watson explains his theory of behavior'
ism in an article entitled "Psychology as the Behaviorist Views It."
For Watson, psychology is the "science of behavior," not the tradi-
tional "science of conscious experience." Watson's aim is to predict
and control behavior rather than describe and explain it. He also
wishes to eliminate the traditional behavior distinction between hu-
mans and animals.

. Russian engineer lgor lvan Sikorsky builds and flies the first multi-

en$ined aircraft. llqr

American physicist Wil l iam David Coolidge invents the Coolid$e

tube, a device for manufacturing X rays. trclr

Diesel-electric locomotives, invented by Rudolf Diesel, are put into

operation in Sweden. lrclr

In the United States, soap-laden steel wool pads are marketed un-

der the name Brillo pads, by the Brillo Manufacturing Corp. rrcll

',;d In Detroit, the Ford Motor Co. uses the assembly line System to build
{i cars, which reduces assembly time from 12.5 to 1.5 hours. ilGll

American astronomer Vesto Melvin Slipher discovers that thirteen

of fifteen galaxies are receding from ours at hundreds of miles per

second. rfiro

U.S. astronomer Walter Sydney Adams invents the technique of

Spectroscopic parallax for determinin$ a Star'S distance by compar-

ing its apparent magnitude with its absolute magnitude as derived

from its spectral characteristics.

U.S. astronomer Harlow Shapley correlates the absolute magnitude

and period of Cepheid variable stars, thereby providin$ a yardstick

for  determin ing ga lact ic  and s te l lar  d is tances.  See a lso 1912,

Leavitt ,  and 1952, Boode.
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1914 ,-,\- British physicist Henry Gwyn Jeffreys Moseley arrives at the con-
- 
tr cept of atomic number, a number representing the positive charge' - of the atomic nucleus. The periodic table of elemenrs (see 1869) is

henceforth revised in order of atomic number, beginning with hy-
drogen at I and ending with uranium at 92. qiln

. British physicisrs William Henry Bragg and William Lawrence Bragg
iil discover that sodium chloride and certain other compoundr r"irt

as groups of ions bound by electromagnetic interaction. .Nrr

Chemists P. Duden and J. Hess manufacture acetic acid syntheti-
cally. crlm

German geologisr Beno Gutenberg demonstrates the existence of a
boundary in the lower depths of the earth's surface that he calls a
discontinuity, because it causes an abrupt alteration in properties.
Below the Gutenberg discontinuiry is the earth's liquid core, above
it the earth's mantle. utrll

German mathematician Felix Hausdorff publishes his Basfc Features
oJ Set Theory, a systematic exposition that inrroduces the concepr
of Hausdorff topological spaces and marks the development of
point set topology as a distinct discipline. n ill

American biochemist Edward Kendall isolates thyroxin, the thyroid
hormone, which wi l l  be used to t reat  thyroid insuff ic iencies.
Kendall's work with hormones will lead him to isolate cortisone, an
anti-inflammatory used widely in medicine. In 1950, Kendall and
American physician Phil l ip Hench wil l jointly receive the Nobel
Prize for their work on cortisone.

1 9 1 4 Renowned German paleontologist Friedrich von Huene endorses
H. G. Seeley's 1887 classification oF dinosaurs into two indepen-

. dent orders, Ornithischia and Saurischia. Von Huene's support pro-
motes the general acceptance of this system. ?^uo

, British physicists William Henry Bragg and William Lawrence Bragg
show how to determine the wavelengths of X rays from diffraction
by crysmls.

{ British physicisr James chadwick shows that beta parricles, unlike
alpha particles, are emitted in a continuous range of energies. rfrv3

, British physicist Ernest Rutherford gives the name proton to the
positively charged nucleus of the hydrogen arom, which is now
seen to be, in a sense, the fundamental atom, as prout had suggest-
ed in 1815. Scientists of rhe rime theorize that the nuclei of all oth-
er atoms are composed of a combination of protons and electrons,
but this theory will be revised with the discovery of rhe neutron by

1 9 1 4

t 9 l 4

t 9 t 4

1 9 1 4

t 9 l 4

Chadwick in 1932.

245



t 9 t f

1 9 1 4

1 9 1 4

t 9 t 4

1 9 l 4

A u g . 5 1
1 9 1 4

1 9 l 5

1 9 1 5

1 9 1 5

1915 -1917

t 9 t 5

1 9 1 5

t9 t5

T H E  T T M t f I N E  B O O K  O ]  S C I E I I C E

German physicists James Franck and Gustav Hertz perform experi-

ments confirming Niels Bohr'S model of electrons' orbits. trfY!

English anrhropologisr w. H. R. Rivers publishes his History of
Melanesian Society, a classic work based on his research in the
South Pacifrc. toc

By rhe beginning of World War I, all the major European powers have

submarines and continue to improve upon them, the research and

development focusing only on their suitability for war purposes. ilclr

The teletype machine is developed by German-American inventor

Edward E. Kleinschmidt. rrcH

,  -  The Panama Canal opens to traff ic, carrying ships between the

{r- Atlantic and Pacif ic oceans. Operating by a system of locks, the
*.tr(-\  

canal spans 50.7 miles. l tcx

Scott ish astronomer Robert Innes discovers Proxima Centauri,  a

faint companion to the double star Alpha Centauri.  N 4.5 l ight '

years away it is the closest Star to earth except the sun. ^ttlo

U.S. astronomer Walter Sydney Adams demonstrates that the Star

Sir ius B is extremelv hot, dense, and small ,  what is cal led a white

dwarf. rtllo

Swedish b iochemist  Svante Arrhenius publ ishes the in f luent iaL

Quantitative Laws in Biochemistry. llo

Canadian bacteriologists Frederick William Twort and Felix Hubert
r d'Herelle separately discover bacteriophages, a type of virus able to

infest and kill bacteria normally present in an or$anism. llo

Amer ican gener ic is ts  Thomas Morgan,  Ca lv in  Br idges ,  A l f red
o 

Stur tevant ,  and Hermann M( i l le r  pub l i sh  The Mechan ism o f

Mendelian Heredity, claiming that invisible genes within the chro-

mosomes of the cell nucleus determine an offspring's hereditary

traitS. llo

Japanese scientists K. Yamagiwa and K. Ichikawa identify the first

of a long line of cancer-producing agents called carcinogens by ex-

posing rabbits to coal tar for long periods of time. ntD

American paleontolo$ist Richard Swann Lull publishes his Triassic

Ltfe of the Connecticut Vattey (revised 1953), a classic monograph

on the ancient flora and fauna of that region. In it he revises an ear-

lier study of fossil tracks (see 1848, Hitchcock), ascribing them not

to birds but to dinosaurs.

246



t H E  t t t E l t l t E  B o o K  O F  s c t E l t c E t 9 r5

German physicist Arnold Johannes Wilhelm Sommerfeld proposes
that electrons travel in elliptical orbits. He combines quantum theo-
ry and relativity theory in revising the model of the atom, resulting
in what is known as the Bohr-Sommerfeld atom. Sommerfeld and
Bohr work out the arrangement of electrons around an atom's nu-
cleus, defining each in terms of three quantum numbers that vary
in value. See also 1925, Pauli. lrlyt

American physicist william Draper Harkins calculates that four hy-
drogen nuclei can fuse to form a heiium nucleus, releasing a great
deal of energy converted from the excess mass. rrrvl

American psychophysicist stanley smith stevens formulates the
power law of psychophysics. His developments in auditory scaling
methods determine that physical continua usually conform ro a
psychophysical power law rather than Gustav Fechner's logarirhmic
Iaw. The power function will prove controversial in psychophysics
for more than thirty years.

STELLAR NEIGHBORS

bout  1752,  French ast ronomer Nico las-Louis  de Lacai l le
(1713-1762) discovered Alpha Centauri, which at a distance of
4.35 light-years was believedfor a time to be the star neerest the

solar system. Then in 1915 afaint star called Proxima centauri was dis-
covered at only 4.225 light-years distance, about 25 trillion miles.

As it turns out, Protcima centauri and Alpha centauri are part of one
triple-sta"r system called the centauri system. Alpha centauri is actually
nvo stars revolving around each other eyery eighty years. Proxima, sepa-
rated Jrom its two siblings by a much greater distance, revolves around
them once every million years.

Could any of these stars support li"fe? The trvo stars of Alpha Centauri
might. One is a type G2 star, about the size and color of our yellow sun; the
other, a type K0, is a somewhat cooler orange star but might still be hot
enough to support liJe. However, Proxima Centauri, which is a red dwarf
(Upe M5), is probably too small and cool to sustain living things.

Despite its probable bleahness, Proxima Centauri is our nearest stellar
neighbor. Even so, at the fastest rates of manned space travel yet achieved,
it would tahe about 110,000 years to reach it, Iong enough for the crew's
descendants and their relatives waiting back home to have evolved into sep-
arate species. unless space travel becomes faster by several orders of mag-
nitude, don't expect to Eee a visit to the nearest star any time soon.

247



r 9 t t

r  9 1 5

1 9 r  5

1 9 1 5

t 9 l 6

t9 l 6

t 9 t 6

t916

t 9 t 6

1 9 1 6  . {

t l l l  t l m l f t N l  ! o o K  o !  S c l t l l c l

American neurologist and physiologist Walter Cannon presents a
crit ique of the James-Lange theory of emotion in his book entit led
Bodily Changes in Painl, Hunger, Fear, and Rage. Cannon's substi-
tute for the James-Lange theory, that a physical response pre-
cedes the appearance of  emot ion, wi l l  become known as the
Cannon-Baird theory of  emot ion. I t  states that  emot ion is an
emergency reaction to help humans cope in a crisis, not a follow-
up to physical stimuli. trrcrl

1915-1918 Br i t ish anthropologist  Bronis law Mal inowski  does f ie ld research
with the Trobriand Islanders. He will develop rhe theory of func-
tionalism with his ethnographies in the 1920s and 1930s. toc

The first use of poisonous gas,as a military weapon occurs when the
Germans use chlorine gas against French troops in World War I. rrcr

Heat- and shock-resistant borosil icate glass is developed in the
United States by the Corning Glass Works and sold as cooking im-
plements under the trade name Pyrex. trql

U.S. astronomer Edward Ernerson Barnard discovers Barnard's
Star, a star with the largest known proper motion. rfiro

German-American physicist Albert Einstein's general theory of rela-
rivity (see 1916, physics) accounts for a long-standing anomaly about
the orbital motion of the planet Mercury. See 1846, Vulcan. rmo

The Ecological Society of America is founded.

American chemist Gilbert Newton Lewis shows how variations in
the number of electrons in the outermost shell of an atom lead to
the formation of chemical bonds, through electron transfer or shar-
ing. He explains that the most stable elements are those in which
the outer shell has either eight or two electrons, whereas elements
with different arrangements are more or less reactive. Lewis's work

exp la ins  the  va lences  o f  e lements .  Amer ican chemis t  I rv ing

Langmui r  independent ly  dev ises  a  s imi la r  mode l .  See 1852,
Frankland. oiln

American feminist and nurse Margaret Sanger establishes the ftrst
American birth-control clinic, in Brooklyn, New York. f,lD

German-American physicist Albert Einstein proposes his general

theory of relativity, which extends his special theory of 1905 to sys-
tems moving at changing velocities relative to each other. The gen-

eral theory accounts for gravitational interactions, arguing that
mass generates a gravitational field that curves space. The predic'

tions of Einstein's theory are close to those of Newton's, but with
several differences that are testable, and subsequent tests support
Einstein's theory. See e.g.,May 29,1919, and 1925, Adams. tl lv3
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l 9 l 6 Swiss linguist Ferdinand de Saussure publishes his compilation of
lecture notes that he calls a Course in General Linguistics. The
founder of structural linguistics, de Saussure argues that language
sounds are arbitrary signs, while language itself is a systematic
structure linking the sign and thar which is signified. rgc

American radio station developer Lee De Forest broadcasts the first
radio news report. rrqr

George Ellery Hale installs a reflecring telescope on Mount Wilson
in Cal i fornia.  I ts lens of  100 inches (2.54 meters) makes i t  the
largest until the one on Mount Palomar in 1948. rrrro

,  German astronomer Kar l  Schwarzschi ld formulates equat ions
' based on Einstein's general theory of relativity thar predict the exis-

tence of  what wi l l  become known as black holes.  See 1939,
Oppenheimer, and the 1960s, Wheeler. rrrro

American embryologist Frank Rattray Lillie produces a major paper
on questions of the origin, nature, and action of sex hormones, $iv-
ing a thorough analysis of freemartinism, in which a sterile female
calf is born as a co-twin with a normal bull calf. lto

German physical chemist Otto Hahn and Austrian physicist Lise
Meitner discover the element protactinium. crtrn

1 9 t 7  - 1 9 1 9 English mathematician G. H. Hardy collaborates ar cambridge with
Indian colleague Srinivasa Ramanujan on number theory. ..n trl

Dutch-American physicist Peter Joseph William Debye develops a
technique for determining crystal srructure by diffracring X rays
through powdered crystalline solids. rfryr

French physicist Paul Langevin develops sonar (sound NAvigation
and Ranging), a system of echolocation used to detect underwater
objects. rrcll

1 9 1 6

1917

l 9 t 7

9 t7j+

ts17 ,-x

ficer Edwin Armstrong.

British archaeologisr Leonard woolley begins the excavations that will
result in the discovery of Ur in ancient lraq. See 1922, Woolley. ^rol

1 9 1 8
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American astronomer Harlow Shapley makes the first fairly accu-
rate estimate of the diameter of the Milky Way galaxy. He also cal-
culates the position of the solar system relative to the Milky Way's
galactic center. rttro

I 91 8 Brirish scientisrs James Hopwood Jeans and Harold Jeffreys propose
the tidal hypothesis as an explanation of the solar system's forma-
rion, arguing that angular momentum was imparted to the proto-

:flTJ"::'i;:EtT':fl :H:i,'j"i"'1"il::iiJ":"i[f i#l
Russell. ltllo

Czech chemist Jaroslav Heyrovskli begins the development of po-
larography, an electrochemical technique for measuring the ion
concentration in solutions. clllt

In Germany, a laboratory test is introduced that determines the rate at
which red blood cells settle in a test tube in the process called erythro-
cyte sedimentation. An increase or decrease in settling times indicates
the presence of certain disease processes. nlD

In Germany, synthetic quinine is.introduced for use as a fever re-
ducer, a painkiller, and an antimalarial medication. trD

" f
*t-Cerman mathematician Amalie (Emmy) Noether shows that every
' t 

symmetry in physics implies a conservation law, and every conser-

vation law a symmetry.

1918-1919 Stanford University psychologist Lewis Madison Terman adapts the
Binet-Simon Intell igence Scale for use in England, leading to the
publication of the first standardized individual intelligence test in
the United States. the Stanford-Binet Scale.

1918 Austrian psychologist and psychiatrist Alfred Adler publishes lhe
Theory and Practice of Individual Psychology. Adler believes humans
to be motivated by their expectations of the future and their striv-
ing toward rhree life goals: physical security, sexual satisfaction,
and social integration. This conviction forms the basis of individual

t 9 t 8

c .  1 9 1 8

1 9 1 8

1 9 1 8

1 9 1 8

1 9 1 8

1 9 1 8

1 9 1 8

psychology.

Hungarian chemist
radioactive tracing,
lead.

Georg Carl de Hevesy invents the technique of

using a radioactive isotope of lead called radio

A wood-cellulose bandage called Ceulcotton is developed to use with

battle wounds, by German-American chemist Ernst Mahler for the

U.S. company Kimberly CI. Clark. ln l92l it will be remarketed as a

female sanitary napkin called Kotex. See also 1936, tampon. trcll

The pop-up toaster is patented by American inventor Charles Strite. nor1 9 1 8
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1919 American physicist Robert Goddard analyzes the mathematics of
i '  rocket propulsion, noting that these principles could be used to

send a rocket to the moon. Amo

t919 British chemist Francis William Aston invents the mass spectrometer
for distinguishing and studying ions with different masses. The de-
vice is used to determine relative atomic masses and the relative
abundance of isotopes. With it Aston shows that most stable ele-
ments occur in two or more stable isotopes, in which the nuclei have
the same positive charge but a different mass or mass number. ctrln

Astronomers George E. Hale and Walter S. Adams note the phe-
nomenon of polarity inversion and realize that the true length of
the solar cycle is twenty-two years rather than eleven. r ril

Belgian microbiologist Jules Bordet is awarded the Nobel Prize in
medicine for his work in immunology. He has discovered that com-
ponents in the blood act as complements to antibodies, making it
possible for the antibodies to destroy bacteria-the basis for com'
plement fixation-and maintain the body's defense against dis-

1919

ease.

t919

r9r9

May 29, ?_
t9 t9

1 9 1 9

1919 +\

June 1 5-16,
1919

Nov. 8,
t 9 t 9

British physicist Ernest Rutherford produces the first artificial nuclear
reactions when he uses subatomic bombardment to convert the nu-
clei of helium and nitrogen to nuclei of hydrogen and oxygen. rrlv3

An expedition organized by Brit ish asrronomer Arthur Stanley
Eddington observes a total solar eclipse from rhe island of Principe
off West Africa. There, observations of srarlight being bent by rhe
sun's gravity confirm Einstein's general theory of relativity. rftyr

Amer ican phys ic ian  C.  F .  Menn inger  and h is  sons ,  Kar l  and
Will iam, pioneer the development of community mental health
programs when they open the Menninger Clinic in Topeka, Kansas.
The resulting Menninger Foundation will become a nonprofrt orga-
nization devoted to mental-illness prevention and treatment. rrycrr

J. B. Watson, the founder of behaviorism (see l9l3), publishes a
book that will provide inspiration for experimental psychologists,
Psychology"from the Standpoint of a Behaviorist. prvctl

British airmen John Alcock and Arthur Whitten Brown fly the first
nonstop transatlantic Right, from Newfoundland to lreland. See also
1927, Lindbergh. rrcr

In Virginia, the American Telegraph &. Telephone Co. introduces
dial telephones. rrcH
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Soviet biochemist Alexander Ivanovich Oparin outlines his view
that life gradually developed in the ocean of the ancient earth and
that the primordial atmosphere consisted largely of ammonia, hy-
drogen, and methane. He will publish mttch of this theory in his
1936 book The Origin oI LW oJ Earth. Stanley Miller and Harold
Urey's later experiment (see 1952) in creating amino acids will sup-
port Oparin's theory, though by the 1990s scientists will be raisingl
doubts about Oparin's account of the early atmosphere. lto

The Russian school of chemistry proposes the first $eochemical
classification of the elements. r rill

During this decade petroleum geology will develop. rrrill

The modern pastoral counseling movement, a psychologically so-
phisticated form of religious caring, begins as an alternative to tra-
ditional theological guidance, which is less practical, and early psy-
chiatric treatment, which is less religious in its orientation. uvctl

The specialization of psychiatric social work comes into existence. Plrol

Otto Rank emphasizes the therapeutic importance of an individ-
ual's will. This "will" therapy is the forerunner of both assertiveness
training and reality therapy. trY6l

Harvard and Columbia Universities take distinct approaches to an-
thropology, with Harvard specializing in archaeology and physical
anthropology, Columbia in ethnology and linguistics. toc

American astronomer Andrew El l icot t  Douglass devises den-
drochronology, a technique for dating objects based on the charac-
teristic growth rings of trees in their $iven region. lrcfl

Using a stellar interferometer, German-American physicist Albert
Michelson determines the diameter of Betelgeuse, the first such
measurement for any star other than the sun. rfiro

American astronomers Heber Doust Curtis and Harlow Shapley de-
bate whether the Andromeda "nebula" is inside or outside the
Milky Way galaxy. Curtis argues correctly (as Verified by Edwin
Hubble; see 1924) that it is outside. rtno

Czech writer Karel.Capek is the first to use the word robot as ap-
p l ied  to  mechan ica l  peop le ,  in  h is  p lay  "R.U.R. "  ( "Rossum's

Universal Robots"). llo

English ornithologist H. Eliot Howard publishes his Tenitory in Bird
Life, a study of how male birds fight over territory more often than
over female birds and why they isolate themselves and maintain a
certain distance from other birds.
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Austrian-born German zoologist Karl von Frisch conditions bees to

go to certain locations to gather nectar by conditioning them to cer'

iain colors. He also shows that bees can orient themselves in flight

by using the direction of the sky's light polarization. lro

l92O;d German chemist Hermann Staudinger discovers the molecular struc-

W I ur. of polymers, which will aid in the development of plastics. cflrn

c .  l92O

c.  r92O

c . 1 9 2 0

1920

Norwegian meteorologists Vilhelm Bjerknes and his son Jacob show

that the atmosphere is made up of air masses differing in tempera-

ture, wifh sharp boundaries between them called fronts. lrrrr

Dutch physicist Willem Hendrik Keesom attains a temperature of

0.5 degrees above absolute zero, a new record low. Dlrvl

Swiss psychologist Jean Piaget is involved in $enetic epistemology,
a research that shows how intelligence varies qualitatively and quanti-

tatively with a$e. He identifres stages in the development of a child's

mental faculties, including reasoning skills, and urges schools to pro-

vide developmentally appropriate challen$es for students. tfvcll

American psychologist Robert Sessions Woodworth develops the
Woodworth personal data sheet, a screening device for military use
to detect emotional instability that will become the prototype for
future personality questionnaires.

Nov. 2, Station KDKA in Pittsburgh becomes the first radio broadcasting sta-

lg2o ,il, tion in the world. Developed by American engineer Frank Conrad
' "hor Westinghouse, its first broadcasts give the results of the 1920

U.S. presidential race, in which Warren G. Harding is elected. il.rl

lg2l Chinese records on the stellar explosion in 1054 are published,
confirming supernova theory. rnro

l92l Brit ish astronomer Edward Arthur Milne studies the sun's atmo-
sphere, determining the temperature of its layers and predicting
the existence of the solar wind. rtrro

tgzt Brirish biochemist Frederick Gowland Hopkins isolates glutathione,
a polypepride important in physiological oxidations, from human
tissues. ro

1921r* .  t/canadiian surgeon Sir Frederick Banting and Canadian physiologist
i-Charles Best isolate insulin. Within a few years it will be commer-
cially produced and used for treatment of diabetes. ruD

Physicist Alfred Lande discovers half-integer quantum numbers.
The previously known quantum numbers were assumed to be
whole. prfyt

Swiss psychiatrist Hermann Rorschach devises what will be known
as the inkblot test to assess personality and aid in the diagnosis of
psychiatric disorders. trvcrl
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American chemist Thomas Midgley, Jr. discovers thar tetraethyl
lead serves as an anriknock addirive in gasoline. He will sell this
gasoline additive as Ethyl through his company, rhe Erhyl Corp.

tlol

The U.S. Navy dirigible the c-T is the frrst to use helium as a lifting
gas. ilGrr

British archaeologist Leonard woolley excavates ancient ur, discov-
ering a great deal about the sumerian civilization of ancient Iraq.
He finds evidence of a great flood that swept Sumeria about 2g00
e.c. and may have given rise to the stories of the flood in the Epic

British archaeologists George Herbert, Earl of Carnarvon, and Howard
Carter discover the entrance to the tomb of  Egypt ian pharaoh
Tutankhamen. Inside they find an abundance of ancient Egyptian arti-
facts that have lain untouched for thousands of years. lLtl

Russian mathematician Alexander Alexandrovich Friedmann sug-
g'ests that the universe has been expanding from an original dense
core of matter. See also 1927 , Lemaitre. rrrro

Scottish bacteriologist Alexander Fleming isolates lysozyme from
tears and mucus, finding it to have bacteria-killing properties, the
first example of a human enzyme to have this capability. tto

Polish mathematician Stefan Banach begins to introduce the con-
cept of normed linear spaces. Now, completely normed ones are
called Banach spaces. nrrl

American biochemist Elmer McCollum discovers a factor in fat rhat
is essential to life-vitamin D. Like vitamin A, which McCollum had
isolated in 1913, it is not soluble in water. Later, McCollum will
contribute to the discovery of vitamin E. rlD

Sickle cel l  anemia is named. This heredi tary blood disorder,  a
chronic anemia common in African-Americans, was first recog-
nized by U.S. physicianJames Herrick in 1910. ruD

American paleontologist Roy Chapman Andrews begins a series of
Central Asiatic Expeditions in rhe Gobi Desert of Mongolia. These
excavat ions wi l l  unearth fossi ls of  ear ly mammals as wel l  as
Cretaceous dinosaurs.
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f n r e22, *,:m":##,:;tr1*,n, ( r 882- t s i 5)
I became the Jirst woman to ioin the Jaculty of the University of

L G\ftingen. Her career had been an uphill struggle since her days as a

student a.t the University oJ Erlangen where, because of her gender, she was

at frst not allowed to matriculate and had to attend 4s an auditor only.

Once graduated with a Ph.D. summa cum laude, she Jound it impossible

to get a university appointment. The mathematician David Hilbert champi-

oned her cause and her achievements Spohe for themselves, most notably

her formulation of Noether's theorem in 1918, desuibing the relation be-

tween mathematical symmetries andphysical conserultion laws. Finally, in

1922, she was hired at G\ttingen as an"unofficial associate professor."

Noether stayed at Gdttingen until 1935, when she wqs dismissed for
reasons that had nothing to do with her gender. Adof Hitler had come to

power and, along with other JewishJaculty, she received a notice saying, "l

hereby withdraw from you the right to teach at the University of

G6ttingen." Noether emigrated to America, where she spent the last two

years of her ti"fe lecturing and researching at Bryn Mawr College and the

Institute for Advanced Studies at Princeton University.

1922

1 9 2 2
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At the Flaming Cliffs in Bain-Dzak, Mongolia, Andrews uncovers the

remains of a primitive horned dinosaur, Protocerafops, and its fos'

silized egg shells. The next year many fossil eggs are found, the

first dinosaur eggs ever to be discovered. tlrro

Dow Co. chemists Wil l iam Hale and Ed$ar Brit ton discover the

Hale-Britton process, a cheaper, more efficient way to produce phe-

nol. This method permits greater production of phenol-based pesti-

cides and fungicides. tlcff

British astronomer Arthur Stanley Eddington explains the relation-

ship between a star's mass and its luminosity, describin$ the ten-

sion throughout its history between gravitational contraction and

outward radiation. He speculates that white dwarf stars are made

of degenerate matter. rttlo

American physiologists Joseph Erlanger and Herbert Gasser devel-

op a method to study the electric currents in nerves. They eventual-
ly determine the rate at which nerve fibers conduct impulses and
ascertain that the velocity varies with the nerve fiber's thickness. In

1944 these scientists will share the Nobel Prize for their work. lto

1923
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Dutch physicist Dirk Coster and Hungarian chemist Georg C. de
Hevesy discover the element hafnium. criln

chemist G. N. Lewis formulates the Lewis rheory, which establishes
a relationship between acid-base reactions and oxidation-reduction
reactions. A Lewis acid is'a substance that can accept a pair of elec-
trons, a Lewis base one that can donate an electron pair. crril

Dutch physical chemist Peter Debye and German chemist Erich
Huckel develop their Debye-Huckel equations to explain the incom,
plete dissociation of certain compounds in solution. crilr

Danish chemist Johannes Nicolaus Bronsted develops the concept
of acid-base pairs, in which an acid transfers a hydrogen ion, or
proton, to a base. ctrrr

Swedish chemist Theodor Svedberg invenrs the ultracenrrifuge, a
high-speed centrifuge for separating out small colloidat particles
and macromolecules clrrn

An effective vaccine againsr whooping cough or pertussis is pro-
duced in Copenhagen. Years later this vaccine wil l f inally be re-
placed by the triple immunization (DPT) againsr diphtheria, pertus-
sis, and tetanus. rtD

American physicist Arthur Holly Compton discovers the phenome-
non now called the Compton effect: the reduction in the energy of
the high-energy electromagnetic rays known as X rays and gamma
rays when they are scattered by free electrons, and the correspond-
ing gain in energy by the electrons. This effect demonstrares the par-
ticle aspects of an energetic wave. Compton coins the word photon
flor a unit of electromagnetic radiation considered as a particle. rrilr

French physicist Louis-Victor-Pierre-Raymond de Broglie proposes
that every particle should have an associated matter wave whose
wavelength is inversely related to the particle's momentum. This
theory leads to the consideration of the wave aspects of particles,
as Compton (see above) drew attention to the particle aspects of
waves. See also 1927, Davisson.

Austrian psychologist Otto Rank publishes The Trauma oJ Birth, in
which he claims that the act of birth, not the Oedipus complex as
Freud teaches, is what gives rise to human anxiety. This clash in
views will ultimately lead to a split between Rank and his meritor
Freud. After 1934 Rank will live and lecture in the United Stares,
where he will exert great influence on psychotherapy. rrycrl

American neurologist and physiologist Walter B. Cannon publishes his
frndings on the effects of traumatic shock following World War l. ?3y.rl

1923
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The sliding closure that will become known as the zipper is intro-
duced by the B. F. Goodrich Co. Within five years, it will be used
widely in men's and women's clothing. Accounts of the origin of
t h e  n a m e  v a r y ,  b u t  t h e  i n v e n t i o n  i t s e l f  i s  a  d e s c e n d a n t  o f
Whitcomb Judson's clasp locker of 1893. trcrl

1924

1924

American Edwin Powel l  Hubble,  working with the new Mount
Wilson telescope, discovers that the Andromeda "nebula" is a sepa-
rate galaxy outside the Milky Way. Itno

The Harvard Observatory completes the publication of the Henry
Draper (or Standard Draper) Catalogue (1 91 8- 1924), listing 225,000
stars and their spectral types. U.S. astronomer Annie Jump Cannon
is the principal author. See also 1949, Henry Draper Extension. ̂mo

German biochemist Otto Warbur$ discovers cytochrome oxidase,
an enzyme of importance in biological oxidations. lo

Russian-born British biochemist David Keilin discovers cytochrome,
a pigment widely distributed in animals and plants that plays an
important role in cellular respiration llo

U.S. biochemist Harry Steenbock shows that inactive precursors of
vitamin D exist in food and that eixposure to sunlight (irradiation)
produces them and "adds" vitamin D to foods. After this discovery
the irradiating of food will become common. ro

Australian-born Sourh African anthropologist Raymond Arthur Dart
discovers a fossil skull of Australopithecus alricanus ("southern ape
from Africa"), a hominid or humanlike primate. Australopithecine
fossils will later be found in East Africa as well. Living from 4 mil-
l ion to 1 mill ion years ago, australopithecines were the earliest
known hominids; they walked erect but had ape'sized brains. See
1974, Johanson. t^lro

iF Indian physicist Satyendra Nath Bose and German-American physi.
cist Albert Einstein develop the Bose-Einstein statistics, a statistical
method for handling the subatomic particles called bosons, for
Bose. Bosons will come to be defined as elementary particles with
an integral spin. See also 1926, Fermi and Dirac. ttryt

B e l l  L a b o r a t o r i e s  i s  e s t a b l i s h e d  b y  A m e r i c a n  T e l e p h o n e  &
Telegraph and General Electric to carry out physics research . rttyt

Two U.S. Army Air Corps biplanes, flown by Lowell Smith and Erik
Nelson, complete the first round-the'world flight. rrcn

1 9 2 4

1924
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The developmenr of coal-based synthetic gasoline is studied at the
I. G. Farben chemical complex in Germany. rrql

* The Tennessee legislature passes the first state law prohibiting the
teaching of Darwin's theory of evolution in any Tennessee school. lo
German chemisr walter Karl Noddack, his future wife Ida Eva Tacke.
and Otto C. Berg togerher discover rhe element rhenium.
German oceanographers, using sonar, discover the
Ridge, an underwater mountain range running down
the Atlantic Ocean.

Russian scientist Pyotr A. Molchanov attempts the first radio-wave
telemetry with balloon-borne instruments. rrril
The first international symposium of the International Astronomical
Union meets in Rome. r ril
U.s. astronomer walter sydney Adams discovers a red or Einstein
shift in the specrral lines of whire dwarf stars rhar is caused by rhe
stars' massive gravity, as predicted by Einstein's general theory of
relat ivi ty. tftY3

Pierre Auger discovers the Auger effect, the ejection of an electron
(an Auger electron) from an atom without the emission of a gam-
ma-ray or X-ray photon, as a consequence of the de-excitation of
an excited electron in the atom. tHYt

British chemist Francis Aston discovers the packing fraction, which
is the algebraic difference between the relative atomic mass of an
isotope and its mass number divided by the mass number. It refers
to the energy change, also called the binding energy, produced by
packing subatomic particles into a nucleus.

r Austrian'born U.S. physicisr wolfgang pauli srares the pauli exclu-
sion principle, that no two electrons in an atom can have the same
set of quantum numbers, or numbers characterizing how electrons
are arranged around rheir atomic nucleus. paul i  proposes that a
fourth quantum number is needed in addition to rhe three identified
by Bohr and Sommerfeld. See 1915, Sommerfeld and Bohr. rrilt

Dutch physicists George Eugene Uhlenbeck and Samuel Abraham
Goudsmit define particle spin as the fourth quantum number. Filyr

Dutch physical chemist Peter Debye suggests using paramagnetic
substances to  lower  the temperature o f  l iqu id  he l ium to  get  i t
e v e n  c l o s e r  t o  a b s o l u t e  z e r o  t h a n  h a s  y e t  b e e n  a c h i e v e d .
American chemist wi l l iam F. Giauque makes the same suggestion
independent ly.

I German physicist Werner Karl Heisenberg develops matrix me-
chanics, a mathematical technique for studying the energy levels of

Mid-Atlantic
the middle of

r925

electrons.
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Advertisement for a.Frigidaire refrigerator and freezer, 1925. (Haglq Museum
and Library\

1925 Chinese psychologist Chen He-quin uses rhe diary, or journal,
method to keep track of and study his child's physical and emo-
tional development. This is the first official documentation of its
kind in China.
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May 4, 1926

r926
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Psychologist Albert Bandura is born in Canada. He will be responsi-
ble for developing the theory of social learning, the view that the
basic way humans learn new behavior is by watching and imitat-
ing-modeling-others. rrvcx

French anthropologist Marcel Mauss publishes The GiJt, which ana-
lyzes the social bond of debt created by gift giving. Fc

American pol i t ical  scient ist  Char les E. Merr iam publ ishes New
Aspects oI Politics, which argues that the discipline should make
greater use of statistics in support of empirical observation. See also
1930, Harold Lasswell. nc

The Leica, a 5S-millimeter camera with an adjustable lens and shut-
ter speed, is developed by E. Leitz G.m.b.H. of Germany. This cam-
era permits photos that vary in their depth of field and lighting. ilcrl

A deep-freezing process (patented in 1926) for cooked foods is devel-
oped by Americans Clarence Birdseye and Charles Seabrook. ilcrl

U.S. astronomer Edwin Powell Hubble classifies galaxies by their
structure, as elliptical, spiral, or irregular. rrtrro

While studying cytochromes, German biochemist Otto Warburg
shows that they possess the same iron-containing heme-the com-
plex molecular group that joins with protein to form hemoglobin-
that hemoglobin does.

American physiologist Walter
sis to describe an organism's
librium.

llo

B. Cannon coins the term homeosta-
capacity to maintain its internal equi-

llo

U.S. biochemist James Batcheller Sumner crystallizes the first pure
enzyme, jack bean urease, proving that enzymes are proteins and
can act catalytically. tto

Swiss-Norwegian geochemist Victor Goldschmidt codifies the iso-
morphism rule. rrrrrt

American researcher W. E. Brown detects slight irregularities in the
motion of the earth. rrril

Two Americans, Richard E. Byrd and Floyd Bennett, are the first to
fly over the North Pole, in a fifteen-hour nonstop flight. See also
November 28-29,1929. trrill

American bacteriologist Thomds Rivera distinguishes between bac-
teria and viruses, thus establishing virology as a separate area of
study. trD

German paleontologist Friedrich von Huene publishes a monograph
on the late Cretaceous dinosaurs of Argentina. trro
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1926 .6v Austrian physicist Erwin Schrddinger develops wave mechanics, a
.r ", model of the atom in which the electron is regarded as a wave

rather than a particle. This model accounts for hitherto unexplained

aspects of  e lectron orbi ts.  Central  to wave mechanics is the

Schrddinger wave equation. nrY'

German physicist Max Born develops the concept of the wave packet to

describe the probabilistic aspect of electron waves. Born, German

physicist Werner Heisenber$, and Austrian physicist Erwin Schrddinger

are considered the founders of quantum mechanics, a system of me-

chanics developed from quantum theory $ee t900, Planck) to explain

the properties of molecules, atoms, and subatomic particles. tlfYs

-ll lcolkod elnctl neglcel at l, ]otc' vlthoal enr cnPrcalably

t c..].t nollrlo ct JlAno.E-IrgNlltt Oolddetdt Ano;|csn phydclti,
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1926
- q

i . .

1926

1926

1926

t926

r926

1926

1926

1926

Italian physicist Enrico Fermi and Brit ish physicist Paul Adrien

Maurice Dirac develop the Fermi-Dirac statistics, which apply to all

subatomic particles with half-integral spins, now called fermions.

Such particles contrast with bosons, which have an integral spin and

are treated with the Bose-Einstein statistics (see 1924). Protons and
electrons are fermions. tflY!

Physicist John Desmond Bernal invents the Bernal chart, which as-
sists researchers in using X-ray diffraction photographs to discover
the structure of crystals. trrvl

Russian physiologist lvan Pavlov publishes his Conditioned Reflexes,
an account of dogs salivating at the sound of a bell after being con-

ditioned to eat after a bell rang. Pavlov's experiments will lend cre-

dence to the theory that human learning and behavior result, in
part, from a conditioned reflex. t Yol

The International Instirute of African Languages is founded, to en'
courage linguistic and anthropological research in Africa. roc

American chemist Waldo Lonsbury Semon develops an early syn-
thetic rubber called Koroseal for B. F. Goodrich. This durable rub-
berlike material is based on the polymer polyvinyl chloride. ilol

In a demonstration, the first motion picture with synchronized sound
is projected. The first sound feature will be TheJazz Singer (1927). rrcll

NBC, the National Broadcasting Company, a network init ially of
nine radio stations, is founded by American David Sarnoff. trcx

On March 16, Robert H. Goddard launches the world's first liquid'
fuel rocket, from a farm near Auburn, Massachusetts. llcll
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Belgian astronomer Georges Lemaitre, independently of A. A.
Friedmann (see 1922), theorizes that the universe has been ex-
panding from an original small, dense core or "cosmic eglgf." This
hypothesis is an early version of what will become accepted as the
Big Bang theory. rnro

In Germany, the first rocket society is organized to promote rocket
experimentation. Wernher von Braun (see 1932 and l94Z) is in-
volved, as is Rumanian Hermann Oberth,  who envis ions high-
altitude research rockets, space travel, and space sations. lrrro

Swedish astronomer Bertil Lindblad proposes that the Milky Way
galaxy rotates, completing one cycle every 2lO million years. rnro

Amer ican sc ien t is t  Thomas Morgan pub l ishes  Exper imenta l
Embryology ro

British biologist charles Elron publishes Animal Ecology, a landmark
study of ecology as scientific natural history. 

, llo

Cellulose acetate is developed. crtn

Canadian anthropologist Davidson Black discovers a fossil molar of
Sinanthropus pehinensis, or Peking man, in a cave near peking
(now Beijing) china. This extinct relative of modern humans will
come to be considered an example of Homo erectus. rtrto

Danish physicist Niels Bohr develops the concepr of complemen,
e tarity, which suggests that different but complementary models

may be needed to explain the full range of atomic and subatomic
phenomena. rtryt

rWc ato ell egtood ]hal vcur Jhccrty b atzzy. l;hc
qvctllc,n ]hel dlvldc,s ut lt trtolhtlt ll lt ctzzy oncegh fc hevc

e ahenac cl bclng jgrrqi].'-tllg/n Bcht, Den|rlh phytlalil,
tpceklng lc,t e group cl acllccgsot rc,vlovlng e paillalc ]hcoty

propo.cd bV Wctncl. llclrclnbctg end Wcllgong Peull;
ee;ry tucn)larifl aontltty

1 9 2 7 gt German physicist Werner Heisenberg srates the uncertainty princi-- - 
- 

ple or principle of indeterminism, that it is impossible to know both
the position and the momenrum of a subatomic particle with com-
plete precision. See also 1812, Laplace. ril.

r American physicist Clinron Joseph Davisson and Brirish physicist
George Paget Thomson independently discover electron diffraction,
which demonstrates the wave aspect of electrons. See also l9Zi,

1927

de Broglie.
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German-American physic ist  Albert  A.  Michelson obtains a st i l l

more accurate value for the speed of light of 199,798 kilometers

per second. ?llYt

German physicists Fritz Wolfgang London and Walter Heitler use

quantum mechanics to explain the electron bond of the hydrogen

molecule. Quantum mechanics will later prove a valuable aid in un-

derstanding chemistry. xrYl

American parapsycholo$ist Joseph Banks Rhine begins research at

Duke University to provide Support for the existence of extrasenso-
ry perception (ESP), rhe ability to gain information unavailable to

the five Senses. His research will also provide evidence to Support
psychokinesis,clairvoyance,telepathy,andprecognition. DtYCll

The first underwater passage from New York to New Jersey is put

into use with the opening of the Holland Tunnel, named after its

chief engineer, Clifton Holland. llclr

Transatlantic telephone service is offered between New York and
London' llcll

.* Television is demonstrated for the first time in the United States by

AT&.T  execu t i ve  Wa l te r  G i f f o rd ,  who  b roadcas t s  images  o f

Secretary of Commerce Herbert Hoover from Washington, D.C., to

a group of viewers in New York. rrcll

American inventors John and Mack Rust develop the all-mechanical
cotton picker, which when popularized two decades later will lead
African-Americans northward in search of jobs to replace those lost
on southern farms' lrcll

The U.S. dairy company Borden begins to offer homogenized milk. rrcx

American aviator Charles Augustus Lindbergh sets off in The Spirit
of St. Louis on the first solo nonstop transatlantic f l ight, from
Roosevelt Field, Long Island, to Le Bourget Field outside Paris. The
flight takes 33 hours, 29 minutes. See a/soJune l5-16, 1919. rtcl

German chemists Otto Paul Hermann Diels and Kurt Alder discover
the Diels-Alder reaction or diene synthesis, in which two com'
pounds react in such a way as to yield a ring compound. crln

The first ultrasound echograph is developed.

The first flight over Antarctica occurs.

tllfl|

r l i l

.ttf Hungarian-born American mathematician John von Neumann de'
velops the mathematical field of game theory. nAil

American neurosurgeons Harvey Cushing and W. T. Bowie intro-
duce the process of sur$ical diathermy or blood vessel cauterization,
reducing operating time and decreasing the risk of blood loss. nlD
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1928 ., Greek-American pathologist George Papanicolaou develops the tesr- 
for cervical cancer that will be referred to as the pap smear. It will
prevent thousands of cancer deaths through early detection of ma-
Iignant change.

1928 During an unrelated experiment, British bacteriologist Alexander
Ffeming isolates the mold called penicillium natatum. This discovery
is ignored unt i l  19i9,  however,  when Br i t ish biochemist  Ernst
chain and Brit ish pathologist Howard Florey take up Fleming's
work and produce pure penicillin. rtD
Indian physicist chandrasekhara Venkata Raman discovers the

- Raman effect, an inelastic scattering of electromagnetic radiation.
This effect will be used in Raman specrroscopy ro study the details
of molecular structure. ,Hyf
Physicists George Gamow, R. H. Fowler, and Lothar W. Nordheim
develop the concept of electron tunneling. Dlyr
Physicist Arnold sommerfeld discovers that in a conductor elec-
trons behave like a degenerate gas and only a few electrons with
high energy participare in conducting electricity. rftyt
Hungarian-American physicist Eugene paul wigner develops the
concept of parity of atomic states. rrtvt

1928

ln Anthropology and Modern Life, American ethnologist Franz Boas
, attacks theories of racial superiority that have been prevalent for

decades. roc
j American anthiopologisr Margaret Mead publishes coming oJ Age in

samoa, a landmark study of cultural traditions related to becoming
an adult in Polynesian society.

aOnc cJ lho lobr oJ thc cnlhropolorglti b lo gol pllctplc
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t928

1928

1928

t928

t928

1928

1928

1e28+

W. Muller produces an improved Geiger counter (see 1908, Geiger),
now known as aGei$er-Muller counter. ttcrr

r American Amelia Earhart flies from Newfoundland to Wales, be-
coming the f i rst  woman to pi lot  an airplane alone across the
Atlantic Ocean. rrqr
A commercial bread-slicing machine is developed, by U.S. inventor
Otto Frederick Rohwedder. Two years later the Continental Bakery
will sell the first loaves of prepackaged sliced bread, under the label
Wonder Bread.
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1929

Nov.28-29,
1929

1929 .

1929
t

r929

1929 l

1929 I

1929

I  I 2 0

tgzg JS, Asrronomer Edwin Hubble confirms that the universe is expanding

\ and formulares Hubble's law, that the increase in the velocity at
which a galaxy is recedin$ from ours is proportionate to the dis'
tance of that $alaxy. ^rrto

American biochemist Edward Adelbert Doisy and German chemist
Adolf Butenandt independently isolate a female sex hormone, es-
trogen, from the estrogen group. llo

American biologist Hermann Joseph Muller finds that the rate of gene
mutation can be greatly increased by using X rays on genes. l|o

U.S. chemist Will iam Francis Giauque discovers oxygen-16 to be
the most common isotope of oxy$en, with oxygen'l 7 and oxygen-
1g less common. cHtn

Alexander Eugenevic Fersman formulates the concept of the $eo-
chemical migration of the elements. l rfll

U.S. explorer Richard E. Byrd and his crew are the first to fly over
the South Pole and back. See also May 4, 1926. r^rfll

German psychiatrist Hans Berger reports using electrodes, placed
against the head, to record the electrical impulses called brain
waves. The hrst electroencephalograph (EEG) is introduced to help
in the diagnosis of neurological disorders. DsYCll

American psychologist  Kar l  Spencer Lashley publ ishes Brain
Mechanisms and Intelligence. In it he proposes the law of mass action,
which states that the rate and accuracy of learning is proportionate
to the amount of brain tissue available, and the principle of equipo-
tentiality, that each part of the brain is as important as any other.
Lashley will be known best for his work on brain function localization
and research into how brain functions are generalized. ttYclr

German physicist Walther Wilhelm Georg Franz Bothe invents the
co inc idence counter ,  a  dev ice  fo r  s tudy ing  cosmic  rays  tha t
machine-registers an event only when a particle passes through
two detectors virtually simultaneously. ilcll

British physicist John Douglas Cockcroft and Irish physicist Ernest
Thomas Walton invent the voltage multiplier, the first particle ac-
celerator, a device using electromagnetic fields to accelerate sub-
atomic particles to high speeds. rrcr

The 16-mi l l imeter movie camera, projector,  and f i lm are intro-
duced to the public by Eastman Kodak. trol

On September 24, U.S. pilotJames Doolitt le shows that instrument-
guided flying is possible when he takes off and lands relying com-
pletely on instruments in the first "blind" flight. ttcll
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German automobile maker Fritz von opel carries out the first flight
powered by a rocket engine, traveling almost two miles in seventy-
five seconds. trctl

Russian-American physicist George Gamow popularizes the theory
of the Big Bang, the explosive origin of the universe. ^rrlo

while studying the competition of yeast and protozoa, soviet biolo-
gist G. F. Gauze helps develop the principle that two species cannor
simultaneously occupy rhe same ecological niche. uo

Evolutionist Theodosius Dobzhanskv writes Genetics and the origin
of the species in which he shows thit ttre facts of genetics are com-
patible with Darwinian natural selection, the chief cause of sus-
tained changes in gene frequencies and a population's evolutionary
changes. uo

Chinese pa leonto log is rs  M.  N.  B ien  and Chung Ch ien  young
excavate the so-called Lufeng series of late Triassic dinosaurs. Also
discovered at this site are mammal-like reptiles related to the an-
cestors of modern mammals. pAuo

Amer ican phys ic is t  Rober t  oppenhe imer  demonst ra tes  tha t
bombardment by deuterons, the aromic nuclei of hydrogen-2, or
deuterium (see 1931, tJrey), is equivalent to bombardment by neu-
trons. '|fYt

Aus t r ian  researcher  Manf red  Sake l  in t roduces  insu l in  coma
therapy, a somatic process ro treat schizophrenia by insulin admin-
istration. Later discovered to be a potentially fatal procedure, this
therapy will lose popularity in coming decades. rrvctl

Australian-American psychologist Elton Mayo is responsible for the
Hawthorne experiments in industrial psychology that identify work
as a group activity and demonstrate that a sense of belonging, of
identif ication with a group, is more important than the physical
working conditions in sustaining worker morale. Much later re-
search in social organization will be based on these findings. pryctl

Keynes ian  economic  theory ,  named fo r  U.S.  economis t  John
Maynard Keynes, calls for government intervention to boost a re-
cesslonary economy, encourages the development of economet-
rics, and provides a technique that combines theory with statistical
and mathematical analysis in an attempt to improve the accuracy
of economic forecasts. See also 1956, Keynes. rec

Archaeologists translate the Edwin Smith papyrus, which dates
from 1550 e.c. and was acquired by U.S. Egyptologisr Edwin Smith
in 1862. This papyrus turns our to be an invaluable record of the
surgical practices of ancient Egypt, based on an even older text
written probably about 2500 n.c. ^lcrl
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Russian-German optician Bernhard V. Schmidt invents the Schmidt
telescope, which is free of the aberration known as coma. rtrro

Swiss,American astronomer Robert J. Trumpler Shows that the
Milky Way galaxy is about 60 percent smaller than in previous esti'
mates, which had failed to account for interstellar dust that dims

starlight and creates the illusion of greater distance. rtrro

French astronomer Bernard Ferdinand Lyot invents the corona'
graph, a telescope for observing the inner corona of the sun in the
absence of an eclipse.

., American astronomer Clyde Will iam Tombaugh discovers Pluto,
the ninth planet from the sun and the last to be discovered. Atrro

American biochemist John Howard Northrop crystall izes pepsin
and shows it to be a protein. tlo

British naturalist Henry Ridley writes on theories of long-distance
plant dispersal in The Dispersal of Plants Throughout the World ro

Russian botanist Trofim Lysenko, in an attempt to improve Soviet
agriculture, turns to the earlier discovery of vernalization, the mois-
turizing and near-freezing of seed. He claims that winter wheat can
be changed so that it can be sown in the spring and its offspring
can be changed through vernalization so as to be sown as spring
wheat. This concept contradicts theories of evolution that have
been claiming that acquired charaQteristics are not inherited. llo

English biologist Ronald Fisher publishes The Genetic Theory oJ
Narural Selection, which reestablishes Darwin's theory of evolution
by claiming that mutations occur by chance and natural selection
controls the direction of evolution by weeding out harmful muta-
tions and perpetuating useful ones. llo

A m e r i c a n  c h e m i s t  T h o m a s  M i d g l e y  J r .  d i s c o v e r  d i f l u o r o -
dichloromethane, or Freon, which will be used as a coolant in ne-
frigerators and air conditioners. cxln

1 English biochemist William Thomas Astbury uses X-ray diffraction
techniques to analyze the three-dimensional structure of proteins. cltln

r The electrophoresis technique for studying particles in suspension
is developed, for later use in the study of proteins. ctnn

American naturalists Charles Beebe and Otis Barton take a dive in
the first bathysphere, built to study the ocean depths. The unma'
neuverable, watertight sphere of metal is capable of withstanding
intense water pressures. l rill

I ,
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1930

1930
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r93r

t93l

r H :  I I M E T I I I E  B O O K  O F  T C I E N C E

British physicist Paul Dirac proposes the existence of antiparticles,
particles identical to known particles in mass but with a different
charge. The antiproton has a negative charge, the antielectron (or
positron) a positive one. Antiparticles make up a form of matter
now called antimatter. rrrvt

Superfluidity, the property of liquid helium at very low tempera-
tures that allows it to flow without friction, is discovered. lrrvl

In his Principles of Quantum Mechanics Paul Dirac develops a gener-
al mathematical theory in which wave mechanics and matrix me-
chanics represent special cases. nryt

A m e r i c a n  p o l i t i c a l  s c i e n t i s t  H a r o l d  L a s s w e l l  p u b l i s h e s
Psychopathology and Politics, which makes connections between
polit ics and psychology. Lasswell and Charles E. Merriam (see
1925) are the leaders of the so-called Chicago school of political sci-
ence, which emphasizes psychological factors and statistical analy-
sis. It wil l influence the development of behaviorism in the late
1940s (see c. 1945).

Snorkels, short pipes with one end
the other above the water's surface,
water exploration. Rubber fins come

American physicist Ernest Orlando Lawrence invents the cyclotron,
t 

a particle accelerator that speeds up subatomic particles by using a
magnetic field to push them in spirals. ttctl

I American electrical engineer Vann Bush produces the first partially

electronic computer, called a differential analyzer, capable of solv-
ing differential equations. rrctl

r  Bri t ish engineer Frank Whitt le is the f irst to invent and patent a

practicaljet engine. tlcll

The lightweight thermoplastic polymer trade-named Plexiglas is de'
veloped by Canadian research student William Chalmers. ltcll

The  f l ash  bu lb  f o r  cameras  i s  pa ten ted  by  German  i nven to r

Johannes Ostermeir. ttcll

The small planetoid Eros swings closer to the earth than any other

celestial body except the moon, allowing astronomers to measure

im parallax precisely and adjust their estimates of the scale of the

solar system. rtlro

Karl G. Jansky of Bell Laboratories accidentally discovers radio radi-

ation coming from the sky, thereby founding radio astronomy. See

clso 1955, Jansky. rfiro

German chemist Adolf Friedrich Johann Butenandt isolates the

male sex hormone androsterone. llo

toc

that goes into the mouth and
come into use to aid in under-
into use in 1933. rrol
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1931 English bacteriologist Wil l iam Joseph Elford discovers that viruses
range in size from those of large protein molecules to those of tiny
bacteria. ro

American pathologist Ernest Goodpasture devises a technique for
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Building the George Washington Bridge, New York City. (Port Authority oJ Nau Yorh)
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culturing viruses in eggs.
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July 2, 1931 British geneticist and biologist J. B. S. Haldane argues that biology
should be regarded as an independent science, being different in
its orientation from the physical sciences. lo

t 9 3 l

1931

t93 l

1931

1932

t932

1932

1932

American chemist Harold clayton Urey discovers deuterium (heavy
hydrogen, or hydrogen-2), an isotope of hydrogen. crrr
American chemist Linus carl pauling develops the concept of reso-

' nance, which uses quantum mechanics to explain erectron sharing
in organic compounds.

swiss physicist Augusre Piccard uses a sealed gondola attached to a
balloon to ascend into the thin air of the stratosphere, reaching a
height of ten miles. ulrtl

I
l93l 

>hAustrian mathematician Kurt Godel develops rhe statement known
as Gddel's proof, showing that in any system based on any set of
axioms there will always be statements that cannot be proven or
disproven on the basis of those axioms. See also 1900, Hilbert. nrnr

1931 On Mount Carmel in Palestine and again in 1935 at Swanscombe,
England, important discoveries of hominid skulls are made. The
Swanscombe skull has characteristics similar to those of modern
humans.

t93 l r Austrian-American physicist wolfgang pauli proposes the existence
of an electrically neutral, virtually massless particle to account for
the energy missing in bera decay. tn l9i2 Italian physicist Enrico
Fermi will give it the name neutrino. rffvr

Through his work on mental trauma, American neurologist and
physiologist Walter Cannon discovers the hormone called sympa-
thin, an adrenalinelike substance thar works in the sympathic ner-
vous system. raYql

The 1 ,644-foot George Washington Bridge connecring New york
and New Jersey opens. At the time it is the world's longest suspen-
sion bridge. Its cables were constructed by John A. Roebling's Sons,
descendants of a designer of the Brooklyn Bridge. ilcll

The refrigerant gas Freon 12 is used to replace less stable gases in
refri$erators. ilctr

Under scientists Walter Domberger and Wernher von Braun, the
German Ordnance Corps begins researching rocket technology. llrlo

Using spectroscopy, astronomer T. Dunham discovers large quanti-
ties of carbon dioxide on Venus. rmo

a German biochemist Gerhard Domagk synthesizes prontosil, the first
sulfa drug to be tested clinically for its bacreria-inhibiring propenies. uo

t British biologist R. G. Canti takes some of the first pictures of cell
division, using microcinematography. ro

l 9 3 l

1931

270



t l f l  r l n E l l l l l  B o o K  o F  S c I E t G E  r 9 ? 2

l93Z ,fcerman-born British biochemist Hans Krebs discovers the urea cy-
- 
cle, showing that when the amino acid arginine breaks down and is
reconstituted it produces a urea molecule, the chief nitrogen-con-
taining waste in humans.

u.s. geneticist Thomas Hunt Mor$an argues that genes can exert

an influence outside the cells in which they are located, claiming

that one of these extracellular gene activities results in hormone

production. tlo

The artificial respirator called the iron lung is invented. nlD

American biochemist Charles King isolates and identifies vitamin C.

See also 1933, Reichstein. nlD

I American heart specialist A. S. Hyman develops the first clinical

cardiac stimulator, calling it an artificial cardiac pacemaker. nlD

I n  I n d i a ,  E d w a r d  L e w i s  d i s c o v e r s  a  j a w  f r a g m e n t  f r o m

Ramapithecus, which in 1981 will be shown to be an extinct pri-

mate that is probably an ancestor of the orangutan rather than the

common ancestor of apes and hominids, as long believed. P lro

British physicist James Chadwick discovers the neutron, an electri-

cally neutral particle that is a component of atomic nuclei. ilrv3

.German physicist Werner Heisenberg develops the model of an
atomic nucleus containing both protons and neutrons. He suggests
that exchange forces (binding forces resulting from the interchange
of particles) account for the stability of the nucleus. This model will

be further developed by Hideki Yukawa. See 1955.

t Studying cosmic rays, American physicist Carl David Anderson dis-
covers the antielectron predicted by Paul Dirac in 1950. Anderson
cal ls i t  a positron.

British physicist John Cockcroft and Irish physicist Ernest Walton
pioduce the first nuclear reaction to result from the bombardment
of an element by artificially accelerated particles. They produce he-
l ium by bombarding lithium with hydrogen nuclei.

Aug. 26,
r952

c . 1 9 3 2

r932

1932

r 9 3 2

1932

1932

1 9 3 2

c. 1932

1932

AfD

1e32 
*

1932

Hungarian-born physicist Leo Szilard grasps the possibility of a nu-
clear chain reaction. an idea that will not be realized for another
decade. See December 2. 1942.

Hungarian psychiatr ist  Ladis las von
shock therapy, one of the chemically
therapy used on schizophrenics.

British physiologist Charles $cott Sherrington is awarded the Nobel
Prize for his research on how neurons function. Since irregularities
in neurotransmitter levels are l inked to depression and schizo-
phrenic disorders, Sherrington's work helps establ ish greater un'

derstanding of these mental illnesses and their treatment. t3vctr

DIfYI

Meduna invents metrazol
induced forms of convulsive
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1933

1933

1933

1933

1933
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Austrian psychoanalyst Melanie Klein publishes The psychoanalysis
oJ children, i l lustrating how anxieties affect a child's developing
ego, superego, and sexuality and cause emotional disturbances.
She also develops play therapy, in which children show and release
their anxieties through playing with toys. Dryqr

British psychologist Sir Frederic C. Bartlett publishes Remembering,
in which he argues that all new learning builds on existing knowl-
ed$e. pryctl

American child development scientist Beth wellman is the first to
demonstrate that children's intell igence can diminish in deprived
environments and increase in enriched ones. pryctr

German electrical engineer Ernst August Friedrich Ruska invents
the electron microscope. trctr

The first synthetic light-polarizing film, polaroid firm, is developed
by U.S. inventor Edwin Herbert Lanc. rrctl

In the first discovery of radio astronomy, Karl G. Jansky detects
powerful radio-wave radiation coming from the center of the Mitky
Way . See also 195 I , Jansky, and lgi7 , radio telescope. Arrlo

German-American astronomer walter Baade and others develop
the theory of neutron stars, arguing that a star larger than 1.4 solar
masses would collapse into small, dense objects composed of neu-
trons. rrrro

Polish-born swiss chemist Tadeus Reichstein successfully synthe-

pjt*'i"- JTffi ,{[1il#T",::,;;' N obe'| p'i " 
"rI

American chemist Gilbert N. Lewis discovers deuterium oxide, or
heavy water. clrn

Hubert James and Alberr Sprague Coolidge apply quanrum mechan-
ics to deduce the strength of the covalenr bond. Their highly accu-
rate results lend support to quantum theory. crrn

A prototype defibrillator, to electrically restore an irregular heart-
beat to normal, is introduced. nlD

German-American physicist otto stern demonstrates the wave as-
pects and magnetic characterist ics of molecular beams: streams
of molecules, atoms, or ions travel ing at low pressure in the same
direction. ltryr

Amer ican chemist  Wi l l iam F.  Giauque uses the magnet ic  tech-
niques he and Paul Dirac had earl ier developed (see 1925, Debye)
to reach a new record low temperature of 0.250 K. rnvr

t933
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1933
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1933

1933

r933

r934

1934

1934

t934

r934

1 9 3 4

1934

1934

1934

1934

Walther Meissner discovers the Meissner gffect, that there is a
'fulling 

off of magnetic flux in the interior of a superconducting ma-

terialwhen it is cooled below a critical temperarure. rrrrt

Wiley Post becomes the first pilot to circle the globe solo. ttcll

gtAmerican Edwin H. Armstrong ref ines the process of frequency

Ptmodulat ion (FM), a method of transmitt ing radio waves without

static' trcll

The walkie-talkie, a portable pair of short-distance radios, is invent-

ed by the U.S. Army Corps of Engineers and Motorola employee

Paul Galvin trcll

The first milk fortified with vitamin D is sold commercially by the

Borden co' llclr

German-American astronomer Walter Baade and Swiss astronomer

Fritz Zwicky identify the differences between novae and super-

novae, and suggest that neutron stars are the product of supernova

eruptions. See 1968, Crab Nebula. ^rrno

Dutch botanist F. W. Went demonstrates the existence of plant hor-

mones. llo

German chemist Adolf Butenandt isolates progesterone, a female

hormone vital to successful gestation. rto

The pH meter for electronically measuring acidity and alkalinity is

invented by Arnold O. Beckman. cnln

Russian mathematician Aleksander O. Gelfond publishes Gelfond's

theorem, which solves Hilbert's seventh problem. See 190O. f, rll

r  Sodium pentothal is introduced for use as an intravenous anes-

thetic. nrD

French physicists lrdne and Frederic Jol iot-Curie are the f irst to

achieve artificial radioactivity when they create the radioactive iso-

tope phosphorus-3O by bombarding the nucleus of an aluminum
atom with alpha particles. DilY3

I italian physicist Enrico Fermi studies the effects of bombarding of
uranium atoms with neutrons. trrYt

,rEnrico Fermi develops the concept of the weak interaction, the fun-

damental event that accounts for the beta decay of particles and

atomic nuclei. ElYt

S o v i e t  p h y s i c i s t  P a v e l  A l e k s e y e v i c h  C h e r e n k o v  d i s c o v e r s
Cherenkov radiation, the wake of light produced by particles mov-
ing faster than light in a medium other than a vacuum, a phemo-

menom explained by Russian physicists Igor Y. Tamm and llya M.
Frank. This form of radiation proves useful in calculating the speed
of very fast particles.

275



|  9 3 a

1934

c.  1934-
1 9 4 3

1934

T H E  T I N E ] I N E  B O O K  O F  S C T E l I C E

British physicist James Chadwick and Austrian-American physicist
Maurice Goldhaber determine the mass of the neutron. lrrvt

American psychiatrist Harry Stack Sullivan serves as director of the
W i l l i a m  A l a n s o n  W h i t e  F o u n d a t i o n ,  d u r i n g  w h i c h  t i m e  h e
contr ibutes his theory of interpersonal relat ions, that personali ty
development and adjustment are determined by the results of in-
teractions with significant others in a person's life (family, friends,
peers, spouse), not solely by biological and sexual factors. rryctl

German-born psychologist Erich Fromm emigrates to the United
States, where his prolific work will highlight the importance of so-
cial inf luences-especial ly al ienation-on individual personali t ies.
His publications will include EscapeJrom Freedom (1941). prvol

Amer ican anthropolog is t  Ruth Benedic t  pub l ishes Pat terns oJ
Culture, an account of her work with the Zuni and Hopi Native
American peoples. This book contributes to the development of rhe
field of cultural psychology. roc

Ruth Benedict in 1939 with two Blackfoot Native Americans. (Vassar CoIIege Library)

1934
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U.S. astronomer Henry Norris Russell shows that the catastrophic
theories of solar system formation advanced by Chamberlin and
Moulton in 1905 andJeans andJeffreys in 1918 violate the laws of
conservation. Future studies by asrronomers (including those of
American Lyman Spitzer in 1939) will further disprove the idea that
the solar system could have resulted from a near collision of stars.
See 1944, Weizsicker, for the currently accepted theory of the solar
system's origin.

German astronomer Rupert Wildt discovers methane and ammonia
on the large planets such as Jupiter and Saturn that are now known
as gas giants. rfiro

American biochemist Wendall Stanley isolates a virus in crystals,
proving it is protein in nature, much the same way John Howard
Northrop crystallized pepsin. See 1930, Northrop. lto

German biologist Hans Spemann is awarded the Nobel Prize for his
discovery of the organizer effect in embryo development. lto

The Richter scale for measuring the severity of earthquakes is de-

^ 
veloped by U.S. seismologist Charles Richter. l lnl

, t
1 9 5 5  . + \ r  G e r m a n  p a t h o l o g i s r  a n d  c h e m o t h e r a p i s t  G e r h a r d  D o m a g k

.-r-\ discovers the first sulfonamide (sulfa drug) for combating bacterial
d iseases .  H is  resu l t ing  1939 Nobe l  Pr ize  fo r  med ic ine  w i l l  go
unclaimed, as the Nazis will forbid him to accept it. nlD

1935 Swedish biochemist Ulf von Euler discovers prostaglandins, a group
of fatty acids made naturally in the body thar acr much like hor-
mones. Von Euler finds them in semen, but they will also be dis-
covered in many different bodily tissues and found to vary in their
chemical structure. nrD

, Canadian-American physicisr Arthur Jeffrey Dempster discovers
t uranium-235, an isotope of uranium that will be used in producing

the first sustained nuclear chain reaction. See 1942, Fermi. rlryr

Japanese physicist Hideki Yukawa develops rhe theory of the srrong
r. interaction, the fundamental interaction that binds particles in the

atomic nucleus. He proposes the existence of an exchange particle
binding the nuclear particles or nucleons. Later called a mesotron or
meson, such a particle is predicted to be intermediate in mass be-
tween electrons and protons. Dfry!

American chemist William F. Giauque cools helium to a new record
low temperature of 0.1 o K. rtryr

In Akron, Ohio, stockbroker Bill W. and surgeon Dr. Bob S. found
Alcoholics Anonymous (AA), the first self-help fellowship. Toward
the end of the century, AA will inspire numerous other programs
centered on mutual support to recover from addiction. prycrr
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1935
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Psychologists Henry A. Murray and conway Lloyd Morgan intro,
duce a  pro jec t i ve  tes t  to  s tudy  persona l i t y .  The i r  Themat ic
Apperception Test consists of thirty pictures and one blank, to and
around which the patients assign stories. Information about the pa-
tient's personality and motivation is then obtained from the stories
and later used for diagnostic purposes.

Portuguese neurologist Antonio Egas Moniz develops the lobotomy,
a form of brain surgery, to relieve some forms of mental distur-
bance. The procedure involves cutting fibers in the brain that
connecr the f rontal  lobes with the anter ior  ones. In t ime. the
lobotomy's benefits will prove inconcrusive and its side effects dan-
gerous, so that it will be discontinued after the mid-lg50s. rfrcll

U.s. anthropologist Margaret Mead publishes sex and Temperammt,
which examines gender-based social expectations in three cultures. roc

American pollster George Gallup founds the American Institute of
Public opinion in Princeton, New Jersey. The following year his
correct prediction of the outcome of the 1936 presidential election
confirms the validity of sampling as a method for determining pub-
lic opinion. scientific polling will become an imporrant tool of so-
cial scientists, politicians, and market researchers. toc

t Robert H. Goddard becomes rhe first ro fire a liquid-fuel rocket
faster than the speed of sound. ilGtl

1g35 
,$>t.ottish physicist Robert Alexander Warson-Watr invents radar

' (Radio Detection And Ranging), which uses microwaves (short-
wavelength radio waves) to locate and track objects. German scien-
tists who were working indeqendently to develop radar had alreadytists who were working indeqendently to develop radar had already
tested it successfully (6 1934.) rr€l

The Rural Electrification)?#nistratiori (REA) is established by u.s.
President Franklin D. Roosevelt to subsidize, through loans and un-
derwriting, the development of electrical service for rural areas of
the country.

The U.S. Army demonstrates rhe B-17 bomber, an all-metal, four-
engine monoplane that will be used extensively in World War II. nor

Kodachrome color film, using a three-color process, is introduced for
16-millimeter movie cameras by Eastman Kodak. In Hollywood, the
first three-color Technicolor feature, Bechy Sharp, is released. rrql

The quartz clock becomes a standard part of astronomic instru-
mentation. rrrrc
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1935 Polyethylene, a plasric
eventually have many
Chemical Industries.

made of polymerized ethylene that wi l l
uses,  is  invented in  Br i ta in  by Imper ia l
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Andre Leallemard, of the Strasbourg and Paris observatories, invents
the first electronic telescope accessory-the image-intensifying
tube-which becomes important in the study of faint objects. Arrro

British geologist Arthur Holmes begins to use the uranium-lead ab-
solute dating method on Precambrian minerals. rrrfll

- French-American surgeon Alexis Carrel collaborates with American
t' navigator Charles Lindbergh to invent the first artificial heart or car-

diac pump. trD

Hungarian-born American physicist Eugene Paul Wigner introduces
the concept of the nuclear cross section in developing the mathe-
matics of neutron absorption by atomic nuclei. rfryf

Brit ish economist John Maynard Keynes publishes The General
Theory oJ Employment, Interest, and Money, in which he argues for
government intervention in the market and deficit spending as a
remedy for recession. Keynes becomes one of the chief architects
of modern macroeconomic theory. roc

t936 The Houdry catalytic cracking process of producing gasoline from
oil is employed by Socony-Vacuum and Sun Oil. This process, devel-
oped by French-American engineer Eugdne Houdry, works at a low-
er pressure and temperaure than previous refining processes. rrctl

I Southwestern U.S. states are provided with inexpensive electric
power after the completion of the 726-foot-high Boulder Dam,

1 9 3 6

t 9 3 6

known after 1 947 as Hoover Dam.

p Douglas Aircraft debuts the DC-3, an early example of the commer'
cial passenger plane. This two-engine vehicle rransports up to twen-
ty-one passengers. flclr

ts36 
fmLrunic 

television system is set up by the British Broadcasting

The tampon, developed by American physician Earl Haas, is pro-
duced commercially for the first time by Tampax, lnc. See also
1918, Kotex. i lct l

I The frrst radio telescope, with a 9.4-meter (31-foot) dish, is installed
by U.S. astronomer Grote Reber in lllinois. ^rtto

British plant pathologist Frederick Charles Bawden shows thar the
tobacco mosaic  v i rus  is  not  a l l  p ro te in  but  a lso conta ins smal l
amounts of ribonucleic acid (RNA). It will eventually be discovered
that viruses contain either RNA or DNA (deoxyribonucleic acid). rro

German-born British biochemist Hans Adolf Krebs discovers the cit-
I ric acid cycle, later called the Krebs cycle. This series of chemical

body reactions is the main parhway of terminal oxidation in the
process of utilizing carbohydrates, fats, and proteins. ro

1 9 3 7
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American biochemist Conrad Arnold Elvehjem discovers that nico-
tinic acid (niacin) and nicotinamide (niacinamide) are vitamins that
prevent and cure pellagra.

, Swedish chemist Arne Tiselius introduces electrophoresis, the
- 

movement of charged colloidal particles through a medium in
which they are dispersed as a result of changes in electrical poten-
tial. The process will quickly become important in biochemistry,
microbiology, immunology, and chemistry.

Italian physicists Emilio Gino Segre and Carlo Perrier discover the
element technetium. With no stable isotope, it is the first of many
elements to be manufactured rather than discovered in nature. orn

German scientists develop polyurethane.

contribute to the development of digi-
nl||l

Gordon Murray introduces heparin, a
prevents blood clotting, into general

ruD

lg37 $( British marhemarician Alan Mathison Turing describes a "Turin$
\- machine," a hypothetical device that can solve any computable

1937

1937

1937

r957

r937

problem. Turing's work will
tal computers in the 1940s.

American physician D. W.
complex organic acid that
medical practice.

Physicists H. A. Jahn and Edward Teller predict the Jahn-Teller ef-
fect, a distortion of the structure of nonlinear molecules or ions that
would be likely to have degenerate orbitals.

American physicist Carl David Anderson discovers a particle that is

at f irst believed to be a meson (see 1935, Yukawa) and is thus

called a mu-meson, But when it is shown that this particle does not

behave like a meson, it is renamed a muon and placed in a class of
particles calted leptons, which interact by the electromagnetic and
weak interactions. tlilr

Physicist H. A. Kramers develops the concept of charge conju$a-
tion, a property that determines the difference between a particle

and its antiparticle. tllY3

Italian physicians U$o Cerletti and Lucio Bini pioneer electric shock

treatment for the symptomatic relief of schizophrenia. Such elec-

troconvulsive treatment (ECT), although controversial, will become
standard for forms of depression until the introduction of antipsy'
chotic drugs in the 1950s. DrYCll

German-American psychiatrist and psychoanalyst Karen Horney
publishes The Neurotic Personality oJ Our Time, in which she ex-

plores the concept of basic anxiety. tllql

r937
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A m e r i c a n  p s y c h o l o g i s t  G o r d o n  W i l l a r d  A l l p o r t  p u b l i s h e s
Personality: A Psychological Interpretation, with which he begins to
make his mark as a specialist in personal dispositions, functional
autonomy, and the mature personaliry. Both this book and his
1961 Pattern and Growth in Personality will be professionally well
received. Ptvctl

Yale University begins recording its Human Relation Area Files
(HRAF), a compilation of ethnographic data for the statistical com-
parison of cultures. roc

American sociologist Talcott Parsons publishes The Structure of
Social  Act ion,  which br idges the gap between American and
European schools of sociology. Parsons will become known for his
structural-functional theory, a grand unifying theory of nearly every
aspect of society. roc

Russian-American sociologisr Pitir im A. Sorokin publishes Social
and Cultural Dynamics, in which he expounds influential theories of
social process and the typology of cultures. loc

Canadian physicist James Hil l ier invents the first electron micro,
scope, which improves vastly on optical microscopes. His device
reaches a magnification of seven thousand times, in contrast to the
two thousandfold magnification of the best optical microscope. rrcr

German-born American physicist Erwin Wilhelm Mueller invents
the field-emission microscope, which allows direct observation of
atOms. rtctl

Whi le working for Du Pont,  American chemist  Wal lace Hume
Carothers patents nylon, the first fully synthetic fiber. Nylon will be
used in many products previously made with silk and wool. trctl

The explosion of the German dirigible Hindenburg at Lakehurst,
New Jersey, killing thirty-six people, marks the end of the use of
hydrogen-borne dirigibles for air travel. rrcx

Great Britain and other European countries, as well as parts of
South America and Asia, adopt the phone number 999 as a univer-
sal distress signal for police and firefighters. In 1968 New york will
become the first U.S. smte to adopt a universal emergency phone
number, in this case 91 1. rrcrr

. Using principles of electrostatics and photoconductivity, American'student Chester Car lson develops a dry-copy process he cal ls
Xerography, which revolutionizes office technology. rtctl

U.S. grocery store owner Sylvan Goodman develops the first large-
sized grocery shopping carr, from folding chairs and hand-held
shopping baskets.
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German pilot Hanna Reitsch is the first to fly a helicopter success-
fully. Her FW-61 helicopter was built by Heinrich Focke. ilol

German physicists Hans Bethe and Carl von Weizsiicker indepen-
dently develqp the theory that stars are powered by thermonuclear
fusion. rrtrlo

British physicist Paul Dirac links the Hubble consnnt, which con-
cerns the rate at which galaxies recede from each other, to con-
stants describing subatomic particles. rrrlo

American physicist J. Robert Oppenheimer and George Volkoff pre'
dict the existence of neutron stars rotating at a rapid rate. See
1967, Bell. rrno

A coelacanth, a species of fish believed extinct for 70 million years,
is discovered alive in the waters off South Africa. lto

In South Afr ica,  Scott ish-South Afr ican paleontologist  Robert
Broom discovers hominid fossils he classifies as a new genus and
species, Paranthropus robustus. The species is of a heavier, more
robust build than Australopithecus africanus (see 1924, Eart). Some
later paleontologists will classify Broom's find as Australopithecus
robustus. The remains date from 2 to 1 .5 million years ago. t tro

Austrian-born American physicist Isidor Isaac Rabi develops the
technique of magnetic resonance, which allows measurement of
the energies absorbed and emitted by the particles of a molecular
beam. DnYr

The law of baryon conservation is proposed. Baryons include pro-
tons and neutrons. tllYt

Dec. 18,o \ -German physical chemist Otto Hahn achieves nuclear fission, the
lg38 psplitting of an atomic nucleus into two parts, when he bombards

1938

uranium-235 with neutrons. The results wil l not be published unti l
the following year (see 1939). DftY3

American behaviorist B. F. Skinner publishes the results of his first
I experiments with the Skinner box, a simple piece of laboratory

equipment that makes possible a series of systematic experiments
in operant conditioning on rats and pigeons. His work will be con-
sidered different from, but equal in value to, Ivan Pavlov's earlier
conditioned response experiments with dogs. PtYCll

Dutch physicist Frits Zernike invents the phase-contrast micro'
scope, which uses light diffraction to improve resolution. rrcn

The rear-engined Volkswa$en ("people's car"), also known as the
Beetle, is first produced in Germany, desi$ned by Austrian engineer

1938

1938

Ferdinand Porsche.

280



1938

1938

1938

1939
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r Fiberglass is developed by Owens-ll l inois and Corning. Able to
be woven or spun, this material wil l prove useful in many appli-
cations. ilcrl

American chemist Roy Plunkett invents the material trade-named
Teflon (polytetrafluoroethylene) while working for Du Pont. It is
originally sold in Britain, under the trade name Fluon. ilctl

Hungarian brothers Ladislao and George Biro patent the firsr ball-
point pen. ilctr

U.S. physicist J. Robert Oppenheimer theorizes that a star greater
than 3.2 solar masses will collapse.from its own weight into a sin-
gle point, an object that will become known as a black hole. rrrro

Indian astronomer Subrahmanyan Chandrasekhar determines the
Chandrasekhar limit, the maximum possible mass for a star pre-
vented from collapsing by degeneracy pressure. For a white dwarf
star the l imit is 1.4 times the mass of the sun; heavier stars may
become neutron stars. See also 1934, Baade-Zwickv. lrtro

Florey and the invention of penicillin. (Reportagebild, Stockholm)
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1939

1939

1939

1939
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Russian-born British biochemist David Keilin further demonstrates
the existence and importance of essential minerals iessential trace
elements) with his discovery that zinc is necessary to life. rto

DDT, a hydrocarbon pesticide, is developed by Swiss chemist Paul
H. Muller for the Geigy Co. It is first used in Switzerland, then, due
to its efficacy and low cost, becomes widely popular. ro

French physicist Marguerite Perey discovers the element francium. crrn

The French survey of mathematics called Elements de mathdmatique
begins publication under the name of Nicolas Bourbaki, a pseudo-
nym for a group of mathematicians. The work emphasizes logical
structure and an axiomatic approach. f,llrr

French-born American microbiologist Rene Jules Dubos isolates the
I antibiotic substance tyrothricin. Thou$h not very effective, it is for a

time one of the few tools physicians have against infection. nlD

Brit ish pathologist Howard Florey and Brit ish biochemist Ernst
Chain produce pure penicil l in, the first powerful antibiotic. See
1928, Alexander Fleming. rrD

Sept. 1, M, World War II begins when German dictator Adolf Hitler invades
lgSg ,*t-Poland, prompting Great Britain and France to declare war on

"y Seprember 3. The war will spur the development of numerous tech-

1939

nologies, including the atomic bomb. rltc

-  Hungar ian'born American physic ist  Leo Szi lard hears of  Otto
Q 

nahi's discovery of nucleai f i ision and observes that it can be
used to produce a nuclear chain reaction (see 1932, Szilard), which
can be put to destructive use in a bomb.

-$omc taccnJ wot* by E. Fotni end J. gzllerd vhlch het bccn

commanlaelcd fc mo ln manurlctlpl loedt mc fo crpec) ]hel lhc

clcnonl utsnlun msy bc futm;d lnto s now end lnpgltfelnf

tourcl ol cnctgy ln lhc nocrr Jsfrtto. Goileln er1pcalt oJ ,ho

r/lfitellon vhlch hart olslrl n .c;rn ]c cell Jcrt wcllahJulnclrlt end,

ll nccclrlrlcTf, qulak olofioln on lhc Poltt ol lltc Admlnl*tefion....

ln ]hc Gcurr.c ol ]hc lglil eolot ncrnihr. ll het borcn msdc elncltf

acfiolln...]he] lJ ney b;laomc pgltr/1blc ]c ricr] uP e n7aialoct

aholn toecfigln ln e lg,tgc mg,tt c0 otanlan, by whlah vetf
g,mcun]t ol p',v',t ead latgc qug/nflflct oe tsdlgim.llkc

clononlr wquld bc gonotg1].d....ft1t n3r phonc,;1,ancn

wlcurd loed c,l',c lo lhc ccntJLallon oJ bonb',.o
-Albotl Elniloln, Orrsmen'Anofiaen phytlalil' ln

loltot lc Ptorltdolnl Ftsnklln D. 2,c,olr,c,voli; ,9A9
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Swiss-born American physicist Felix Bloch calculates the magnetic
moment (a measure of magnetic strength) of the neutron. This dis-
covery indicates that the electrically neutral particle is made up of
smal ler  charged part ic les.  Independent ly,  American physic ist
Edward Mills Purcell makes the same discovery.

Under pressure f rom Hungarian-born physic ists Leo Szi lard,
Edward Teller, and Eugene Paul Wi$ner, German-born American
physicisr Albert Einstein sends a letter to President Franklin D.
Roosevel t  urging him to develop an atomic bomb before the
Germans do.

1939

r939

W. C. Herring discovers a way of calculating the properties of sub-
stances from quanum principles, a technique he applies in explain-
ing the properties of beryllium. tlrYl

German physical chemist Otto Hahn's achievement of nuclear frs-
s ion (see December 18, 1938) is announced in a paper dated

January 26 and published by his colleague Austrian physicist Lise
Meitner and her nephew Otto Robert Frisch. tilY.

Arnerican psychologist Myrtle B. McGraw demonstrates the swim-
ming reflex in infants. She will later pioneer in studying mins. trilql

U.S. psychologist David Wechsler introduces the Wechsler'Bellevue
Adult Intelligence Scale, which measures verbal, numerical, social,
and perceptuomotor abilities. trilql

Fluorescent lighting is developed by General Electric. rtsl

Pan American Airways introduces commercial passenger airline
service 'wi th a four-engine Boeing craf t  t ravel ing f rom Port

t939

t939

1939

1939

1939

t939

I 940s

I 940s

Washington, New York, to Marseilles, France.

1939

t939

t

* 
a* radios are sold commercially for the nrst time.

The Germans fly the first turbojet, a Heinkel He-178 plane powered
by a Heinkel S3B turbojet engine. ilcll

Ecological studies show that unproductive land can often be re-
claimed and made productive again by correcting its nutritional de-
ficiencies and not overfertilizing it. rrc

American geneticists George Wells Beadle and Edward Laurie
Tatum provide one of the first important clues as to how chromo-
somes and their genes copy exactly from cell to cell when they find
that genes direct  enzyme format ion through the uni ts cal led
polypeptides that make them up.

ttctl

lrC|l

meteorologist Jacob Bjerknes identifies the
eastward wind current above the lower tro-

Norwegian-American
jet stream, a narrow,
posphere.

I 940s
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A CrGAR rS NOT ALWAYSJUST A CrGAR

egend has i t  that  Austr ian psychiatr ist  Sigmund Freud
(1856-1939), ashed whether there was some deeper signifi.cance to
the cigar he always carried, said, "sometimes a cigar is just a ci-

gar." Whether this story is true or not, Freud was an incessant cigar smoh-
er who claimed that smoking helped him work harder and maintain self
control. Once when his seventeen-year-old nephew Harry reJused a ciga-
rette, Freud told him, "My boy, smoking is one of the grel.test and cheapest
enjoyments in life, and i,f you decide in advance not to smoke, I can only

feel sorry for you."
In fact, however, Freud hnew there were deeper reasons for his inability

to give up his habit, eyen when it became a matter of li,fe and death. In an
1897 letter to a colleague, Wilhelm Fliess, Freud said that all addictions, in-
cluding smoking, are substitutesfor the "single great habit, the'primal addic-
tion"'-masturbation. The founder of psychoanalysis saw the problem but
could not treat it: he was unable to quit smoking, even in 1925 when a can-
cerous growth was Jound on his jaw and palate. In 1930, after years oJ oper-
ations, oral prostheses, and declining health, Freudfnally gave up smohing,
saying, "l am better than before, but not happier." ft was too late. On
September 23, 1939, the cancer causedby Freud's cigarsfinally killedhim.

|  9 4 0 T H E  T T M E l I N E  B O O K  O F  S C I E l I C E

I. Efremov and other Soviet paleontologists in Mongolia discover fossils
of SymosaltruE, an armored dinosaur that links the plated dinosaurs of
theJurassic period with the armored dinosaurs of the Cretaceous. p tro

Psychologists at the University of Minnesota develop the Minnesota
Multiphasic Personality Inventory (MMPI) test to measure more
than one personality dimension at a time. It wil l be used more than
any other personality test and be considered reliable in indicating
psychological pathology. See also 1989.

1940s Canadian researcher Han Selye, studying the results of inject ing
rats with hormones, discovers the $eneral adaptation syndrome, in
which intense physiological changes in body organs occur in re-
sponse to stress. The body changes consist of the alarm reaction,
resistance, and exhaustion. Selye will continue to study the effects
of stress, publishing major works in 1950 and 1976.

American child,psychologist and pediatrician Arnold Gesell researches
childhood stages of mental and emotional growth. The Gesell develop-
mental scale comes into wide use during this decade. He is the first psy-
chologist to observe patients/clients through one-way mirrors. rryol

I  940s
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1940s { Ar Mccill University, neurosurgeon William Penfield and his col-
' 

league Herbert Jasper give one of the first demonstrations in neuro-
science of the human brain's information storage and retrieval ca-
pabilities. With electrodes, they stimulate exposed temporal brain

lobes on neurological patients under a local anesthetic, a process

that evokes viv id memories of  isolated and insigni f icant past

CVCNIS. PSYCH

I tal ian physicist Emil io Segre, Dale Corson, and K. R. Mackenzie

discover the element astatine. clrlt

American physicists Edwin H. McMillan and Philip H. Abelson discov-

er neptunium, the first known transuranium element, or element with

an atomic number greater than 92, the number of uranium. cxln

American physicist Glenn Theodore Seaborg and his col leagues

discover the element plutonium. clrt

Canadian-American biochemist Martin David Kamen discovers car-

bon-14, an isotope of carbon with a half- l i fe of about 5,700 years'

See 1947, Libby. crln

tg4O The Brit ish Association Seismological Committee be$ins to publish
the seismic wave travel  t imetables known as the Jeff reys and
Bullen rables. They wil l be superseded in 1991 by timetables based
on tomography (CT scannin$). r rill

1940 Nine-year-old Milton Sirotta is the first to use the googol, the number
10 raised to the hundredth power, or 1 followed by 100 zeroes. n ill

Sept. 1940 t Paintings dating from the Cro-Magnon era some 17,000 years ago
are discovered on the walls of a cave in Lascaux, France. Pruo

1940 U.S. physicist Phi l ip Hauge Abelson proposes a process for enrich-

ing uranium, by accumulating the rare isotope uranium'235 in

quanti t ies suff icient for use in an atomic bomb. The process in-

volves the evaporation and gaseous diffusion of the liquid uranium

hexafluoride. DrtYt

U.S. physicist Donald William Kerst invents the betatron, an accel-

erator that pushes electrons to speeds close to that of light, now

making electron bombardment practical. nilt

British anthropologist Edward Evan Evans-Pritchard publishes lhe

Nuer, the first work in an influential trilogy that will include Kinship
and Marriage Among the Nuer ( 1 951 ) and Nuer Religion (1956). toc

U.S. coal executive Carson Smith and en$ineer Harold Silver invent

a deep-cutting, continuous-digging machine able to carve a nearly
twenty-foot-wide tunnel. Upon the rights to the machine being pur-

chased by manufacturer  Joseph Joy,  the implement  becomes

known as the Joy machine.

The Russian MIG-1 fighter plane is introduced. ttctr

1940

r940

1940

1940

t940

1940

1940

1940
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NYI,ON DAY

Ithough it was 1937 when American chemist wallace Hume
carothers patented the strong polymeric fber built oJ diamines
and dicarboxylic acids that would rival silk, the substance now

known as nylon did not reach the marhet untit l9jg, in the Jorm of tooth-
brush brtstles and later, more dramatically, women,s hosiery.

The first toothbrush with nylon brtstles, the Dr, west's Mtracle Tuft
Toothbrush, was frst sold in IgiB, but because oJ the toughness oJ the ny-
Ion it met with only limited success. To introduce its nylon hosiery the
manuJacturer and patent holder Du pont orchestrated a more wide-ranging
plan: a nationwide launch called Nylon Day. on May 1.5, 1940, when the
first nylon hosiery was sold, women lined the streets in front oJ stores in
anticipation, stormed notions counters, and made the new product the
most sought-after item to date.

By the close oJ 1940. 5 million dozen pairs oJ nylon stochings had been
sold across the united states. For the next Jour years, until the end oJ
world war II, nylon would be used primarily for parachutes and other mili-
tary purposes. But starting on Nylon Day, nylon came to dominate people's
lives more intimately. Despite wartime shortages, the synthetic fiber virtu-
ally replaced silh as the standardJor sheer in stockings, even providing the
basisfor their new name, nylons.

|  9ao rH r  f t n t r t l r l  l oo I  o !  ac t t xc t

The four-cylinder general purpose field vehicle called the jeep is de-
veloped by U.S. engineer Karl Pabst for the Banram Car Co. More
than 600,000 jeeps will be produced for use in World War II. nql

T h e  f i r s t  U . S .  s u p e r h i g h w a y  w i t h  [ u n n e l s ,  r h e  1 6 0 - m i l e
Pennsylvania Turnpike, opens. ilqr

Nylon stockings are sold for rhe first time in rhe Uniced srares. rrql

Previously unexplained lines in the spectrum of the solar corona,
known as coronium lines, are found to be produced by iron, cal-
cium, and nickel ionized by the corona's intense heat of about

t940

1940

l 9 4 l

t94l

l 9 4 l

I  mi l l iono C.

Czechoslovakian physical
technique of polarimetry,
composition.

rtno

chemist Jaroslav Heyrovsky develops rhe
for analyzing solutions of an unknown

cttr

Arnold O. Beckman invents the spectrophotometer, a device for
measuring a material's chemical composition based on reflected
wavelengths of light. qrn
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SEGREGATE/D BLOOD

ll human blood loohs the same, but medical attempts at blood
transfusion before the twentieth century showed, sometimes fa-
tally, that there were di"(ferences. Some patients were helped by

receiving blood from outside donors, but others died more quickly as e re-
sult. Not until 1900 did Austrian physician Karl Landsteiner show that hu-
man blood occurs infour classes-O, A, B, and AB-and that a. simple set
of rules go'verned which class was compatible with which (o could be given
to any receiver, AB only to AB receiyers, A to A and AB, and B to B and AB).
Mixing incompatible blood types could result in clumping of red blood cells,
blocked yessels. and death.

The dfficulty was in finding donor blood of the type needed when and
where it was needed, often under the most pressing emergency conditions.
conscious of this problem, an Alrican-American physician named charles
Drew, a medical professor at Howard University, became interested in the
idea of storing blood in "blood banks" for use in transfusions. However, btood
storage had many problems,,because retrigeration extended blood's thera-
peutic benef.ts for only a.few hours and freezing desnoyed red blood cells.
But the imminence of war in Europe at the end of th:e l9i0s made it intpor-
tant to find a solution. while working with blood chemist John scudder at
columbia university in 1938-1940, Drew discovered that blood plasma (the
yellowishfluid part oJ blood in which cells are suspended) could be stored,for
long periods andwas ffictive in treating bloodloss andburnvictims.

Drew thereJore proposed that plasma banhs be set up Jor massiye
wartime progro.ms. He directed the Plasma Jor France and plasma Jor
Britain projects and, in 1941, was named medical director of the American
Red cross's National Blood Bank program. He directed the preparation oJ
liquid plasma and researched ways to preparefrozen and dried prasma.

Then Drew found out that the tJ.s. military would accept btood onty
from caucasians. If Arfrican-American blood was accidentalty accepted., it
had to be isolated and transfused only to African-Americans. tJnlike the
segregation of blood types that had made transfusions possible, this segre-
gation wds a result purely of racial prejudice and had no medical basis.
Drew protested but was told that the whites-only policy was required to en-
sure the general population's cooperation with blood drives.

Drew resigned and returned to Howard University to continue teaching.
In 1949 he tooh a position as surgical consultant to the u.s. Armed, Forces,
at a point when the military no longer insisted on segrega.ted btood.
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1941

Dec. 6,
t 9 4 l

1941

1942

1942

1942

1942

1 9 4 2

t t r E  t t m E l t l t E  B O O K  O F  g C I E X C E

American physician Dickinson woodruff Richards, German physi-
cian werner Forssmann, and French-American physician Andre
cournand develop a procedure in which a t iny prast ic tube or
catheter is passed into the heart rhrough a blood vessel ro withdraw
blood samples, ro test cardiac output and blood pressure. This tech-
nique of cardiac catheterization will advance the diagnosis of heart
disease and heart defects.

one day before the Japanese attack on pearl Harbor wil l bring
t h e  u n i t e d  s t a t e s  i n t o  w o r l d  w a r  I I ,  p r e s i d e n t  F r a n k l i n  D .
Roosevelt signs a secret directive ordering the development of a
nuclear fission bomb in an operation known as the Manhattan
Project.

Terylene, a polyester fiber composed of terephthalic acid and ethyl-
ene glycol, is developed by Brirish chemist John Rey Whinfield. It
will become known in the united states as Dacron and be sold bv
Du Pont.

Radio waves from the

ttctl

sun are detected in England. rrtro

U.s. astronomer Grote Reber makes the first radio maps of the uni-
verse.  Among h is  d iscover ies  is  the f i rs t  known rad io  ga laxy,
Cygnus A, some 700 million light-years away. rrrro

Amer ican b iochemist  V incent  du Vigneaud iso la tes v i tamin H
(biot in). ' 'o

Italian-born American microbiologist Salvador Edward Luria is able
to photograph bacteriophages wirh rhe magnifying aid of the elec-
tron microscope, the first time a. virus has been recorded as some-
thing grearer than a speck. !|o

Curare, a substance used for centuries by South American Indians
as a po ison,  is  in t roduced as a  musc le  re laxant  for  pat ients  in
surgery. nlD

,
1942 \*, On December 2, on a converted squash court at the University of

{ Chicago, Italian-born American physicist Enrico Fermi achieves rhe
hrst sustained nuclear chain reaction. This uranium-23l-based fis-
sion reaction, produced in a structure called an atomic pile, will lead
to the development of nuclear weapons and nuclear power. ffit

American psychologist Will iam Herbert Sheldon (1899-1977) pub-
lishes his constirutional rheory of personaliry, claiming that body
structure alone determines personality. In his system, body type is
classifred in terms of three components: ectomorphy, endomorphy,

r942

and mesomorphy.
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The Birth of the Atomic Age, a painting of Fermi and his colleagues overs_eeingl the
first chain-reacting pile at the University of Chicago. (Chicago Historical Society)

Oct .  1 ,
1942

Oct.  3,
r942

1943

1943

r943

1943

tg4Z U- American rheoretical physicist John V. Atanasoff and his assistant
\ Clifford Berry build the first computer that successfully uses vacu-

um tubes to perform calculat ions.  The machine is cal led the
Atanasoff Berry Computer, or ABC. lrol

In the first U.S. jet plane flight, Robert Stanley flies the Bell XP-59
Airacomet at Muroc Army Base, California. ilcrl

Wernher von Braun and other scientists in Peenemunde, Germany,
successfully launch the world's frrst ballistic missile, the twelve-ton
AS-4 rocket that is the predecessor of the V-2 rockets that will

wreak havoc on London in 1944 and 1945. ilcrl

Chinese-born American biochemist Choh Hao Li isolates a hormone
that stimulates the adrenal cortex to produce and release cortical
hormones. It is called adrenocorticotropic hormone (ACTH)' ro

Swiss chemist Albert Hoffman synthesizes lysergic acid diethy'
lamide, or LSD, which will become widely used as a hallucinogen in
the 1960s. orn

cSwiss chemists produce xylocaine (lidocaine) for use as a local
anesthetic. It is faster acting and longer lasting than procaine, mak-
ing it a popular choice of physicians. trD

Austr ian-born psychiatr ist  Leo Kanner is the f i rst  to descr ibe
infantile autism, a brain disease of childhood characterized by with-
drawal, language disturbance, mutism, fear of change, emotional
detachment, and repetitive rhythmic movements. t YCll
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1943

1944

1944

1944

t944

1944

1944

1944

T H E  T I T E T I l I E  B O O K  O F  S C I E I I C E

Neurophysiologist Warren McCulloch and mathematician Walter
Pitts show that the human brain's fundamental mechanisms can be
described in terms of symbolic (Boolean) logic. They find that elec-
trical impulses pass along the axon and trigger chemical processes
that cause adjoining neurons either to frre or not fire. The discovery
suggests that human thought mechanisms may be reproducible on
complex computer systems. rrvcrr

Construction on the Pentagon, the largest office building in the world
at 6.5 million square feet, is complete. It cost $83 million. ncll

German astronomer Carl F. von Weizsiicker reexamines Pierre
Simon de Laplace's nebula hypothesis of the origin of the solar
system (see 1796, Laplace). His elaborations on it, as well as later
revisions by Swedish astrophysicist Hannes Alfven and Brit ish
astronomer Fred Hoyle,  establ ish the theory that  the planets
formed from the coalescing of smaller particles called planetesi-
mals, which in turn arose from eddies in an original planetary neb-
ula. See also 1905. Chamberlin.

German-American astronomer Walter Baade distinguishes two pop-

ulat ions of stars: populat ion I (younger stars found in the spiral
arms of galaxies) and population II (older stars found in galactic

cores). rtno

Dutch astronomer Hendrik van de Hulst predicts that interstellar hy'

drogen emits radiation with a 21-cm wavelength, a prediction later
verified by Ewen and Purcell. See 1951, Ewen and Purcell. ^ttro

U.S. astronomer Gerard P. Kuiper discovers that there is an atmos-
phere on the Saturnian moon Titan. lttro

Astronomer Carl Seyfert discovers several spiral galaxies with com-
pact nuclei radiating enormous quantities of ener$y at all wave- '

lengths, which will become known as Seyfert galaxies. See 1957,

Ryle. rtrro

American geneticist T. M. Sonneborn explains that genes cannot

ope ra te  excep t  i n  t he  p resence  o f  o the r  subs tances  he  ca l l s
primers, which as yet remain unidentified. uo

- Canadian bacteriologist Oswald Theodore Avery proves that de-
- 

oxvribonucleic acid (DNA) is the fundamental substance that deter-

.nin"t heredity. lto

American paleontologist George Gaylord Simpson becomes a lead'

ing figure in evolutionary thought with such as works as his Tempo

and Mode in Evolution. llo

American physicist Glenn T. Seaborg and his colleagues discover

the elements americium and curium. ctllt
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At the end of World War II, more than 120 German scientists, in'

c l u d i n g  r o c k e t  d e s i g n e r s  W e r n h e r  v o n  B r a u n  a n d  W a l t e r

Domberger, surrender to the United States and begin workin$

for their former enemies. The Soviets recruit their own German

scientists, and both the Soviets and Americans capture rocket

equipment.

'Jhc phyl1laltlc hevc kncwn dn; and lhls b a knowlodgc

rr/ld,rn ]hcr aenn',] lg',s.D-,1. R',bcrt Oppcnhelntct,

Aml,fiaen phyilaltl, on lhc poloat ho lcd lo dcvclop

fhc elotnla bclnbi Jlttl delcnelcd | 919

r945

r945

1945

1945

The White Sands Proving! Ground in New Mexico is established for

rocket research, launchin$ its first captured V-2 rocket in 1946' ncn

, The fluoridation of water supplies to retard tooth decay be$ins, in

Grand Rapids, Michigan. trcll

Frozen orange juice, a concentrate of fresh juice, is developed in

the United States. lrcll

ALAMOGORDO, IULY 1 6, 1945

t 5:30 A.M. on July 16, 1945, the first man'made atomic bomb

was exploded in a test site at Alamogordo Air Base, New Mexico.

The IJ.S. War Department issued a release about the test, say-

ing in part: .

Mounted on a steel tower, a revolutionary weapon destined to

change war as we hnow it, or which may eyen be the instrumen-

tality to end all wars, was set olf with an impact which signaled

man's' enffance into a new physical world....At the appointed

time there waE a btinding flash lighting up the whole area

brighter than the brightest daylight. A mountain range three miles

Jrom the observation point stood out in bold relieJ. Then came a

tremendous sustained roar And a heavy pressure wave which

hnoched. out two men outside the control center. Immediately

thereafter, a huge multicolored surging cloud boiled to an altitude

of over 40,000Jeet. ctouds in its path disappeared. soon the shift'

ing substratosphere winds dispersed the now gray mass....The

test was over, the proiect a success.. ..
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Five thousand U.s. homes now have television sets-three years
from now the number will be I million. By 1969, Americans will
own 78 million television sets. trcrl

i;E:*

t;t,''*
1946

1946

r946

July 1 6& The first atomic bomb is detonated just before dawn in a secret test
1945 /J at Alamogordo, New Mexico. Its force is equivalent to abour rwenry

thousand tons of conventional high explosives. rrol

Hiroshima, Japan, is devastated by an American atomic bomb
based on uranium-231 in the first public display and wartime use
of nuclear weapons. rrctl

Nagasaki, Japan, is destroyed by a plutonium-based atomic bomb.
The surrender of Japan to the All ies wil l follow five days rater
(August 14), ending World War II. rrcll

The radio source Cygnus A is discovered. In 1951, astronomers at
Mount Palomar will identify ir wirh a distant cluster of galaxies in the
constellation Cygnus, making Cygnus A rhe firsr radio galaxy. rrtlo

German-born microbiologist Max Delbruck and American microbi-
ologist Alfred Day Hershey show that the genetic material of differ-
ent virus strains can be combined to form a new strain. lto

American chemist Vincent schaefer creates the first artificially in-
duced precipitation when he seeds clouds with dry ice, resulting in
a snowstorm. Later, seeding clouds with other chemicals, he will
succeed in producing rain. r^rnl

ln Foundations oJ Algebraic Geometry, French mathematician Andr6
Weil develops a theory of polynomial equations in any number of
indeterminates and with coefficients in an arbitrary field. Weil
makes a number of conjectures concerning algebraic topology that
are eventually proven true. See 1974, Pierre Deligne. nenr

The Atomic Energy Commission releases radioisotopes (radionu-
clides) for medical use. Nuclear medicine will explore their diagnos-
tic, therapeu[ic, and investigative uses. rrD

Swiss-born American physicist Felix Bloch and American physicist
Edward Mills Purcell independently develop rhe technique of nu-
clear magnetic resonance (NMR), for determining nuclear moments
and measuring magnetic frelds. This process will be rhe basis for
the medical technique of magnetic resonance imaging (MRI), a
noninvasive way of producing images of the body's interior. lrlvt

Physicist Willis Eugene Lamb discovers the Lamb shift, a small en-
ergy difference between two levels in the hydrogen spectrum. This
discovery will contribute to the development of quantum electrody-
namics (QED). See 1948, Feynman. rrrl

1946

1946
,

1946
q
\

t946
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MUSIUL MUMMY

f n D++ the otdest complete mummy was found in Saqqara, Egypt. The

I preserved body was that oI a court musician named Wati Jrom about
I 24oo n.c.

Eryptian mummification is believed to have begun about 2600 a.c., dur-
ing theJourth dynasty. The oldest-known mummy fragment is the shull oJ a
woman lrom about that time, Jound near the Great fiiramid of Cheops at
Giza in 1989.

1944

1944

t944

1944

1944

1944

t944

1944

1944

British biochemists Archer Martin and Richard Synge invent paper
chromatography, a technique for analyzin$ mixtures using ab-
sorbent paper. _ ott

U.S. chemists Robert Burns Woodward and Will iam von Eggers
Doering artificially synthesize quinine. crlt

A m e r i c a n  m a t h e m a t i c i a n s  J o h n  v o n  N e u m a n n  a n d  O s k a r
Morgenstern publish The Theory oJ Games and Economic Behavior, a
major work in the development of game theory. tlil

Dutch physician Willem Kolff produces the first kidney machine, to
cleanse the blood of people whose own kidneys have failed. rrD

Aust r ian-born  psychoana lys t  He lene Deutsch  pub l ishes  lhe
Psychology oJWomen, which corroborates many Freudian ideas. She
was the first female psychoanalyst to be analyzed by Freud. ttYcrl

German-American psychologist Kurt Lewin becomes the director of
the Research Center for Group Dynamics at the Massachusetts
Institute of Technology. His work will focus on motivation prob-
lems in groups and individuals, child development, and personality
characteristics. He will establish what will become known as field
theory, a method for analyzing causal relations and building scien-
tifrc constructs. tavql

The frrst nuclear reactors, built to convert uranium into plutonium
for atomic bombs, begin operation in Washington State. rrrrl

At the California Institute of Technology (Caltech), research begins
TICNIon U.S. high-altitude rockets

At Harvard Universi ty,  the Harvard- lBM Automat ic Sequence
Controlled Calculator is developed under the direction of Howard
Hathaway Aiken. It contains more than 750,000 parts and takes a
few seconds to complete simple arithmetic calculations. ilql
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The U.S. National System of Interstate Highways is set up by a con-
gressional federal highways act designating the construction of
forty thousand miles of highway across the country. rrol

Kodacolor negat ive f i lm is developed for color snapshots by
Eastman Kodak. tlctr

The German Messerschmit t  Me-1638 Komet becomes the f i rst
rocket-engined fighter plane to go into production. il.rl

The f i rst  V-2 rockets,  developed by German rocket engineer
Wernher von Braun, are frred bv the Germans at London. rrdr

oBerlc tcltcerch lt wlte] | cm dolng whcn I don'l kncv
whcll I en dcrlng.--Wotnhcr vcn Bteun, Aotnen.Anoilasn

tockc] cnglnoct2 nld.Iricnllolh acnlaty

t945

1945

t945

1945

r945

British science-fiction writer Arthur C. Clarke arrives at the concept
of communication satellites in geosynchronous orbits (a stationary
orbit above.a particular longitude on earth) to provide worldwide
communication. See 1962, Telstar I. Ltro

American microbiologists Salvador Luria and Alfred Day Hershey
show that bacteriophages mutate, which will explain why flu and
the common cold are difficult to develop an immunity against. uo

Cambridge University geneticists J. F. Danielli and D. G. Catchside
report being the first to have witnessed the process whereby genes
influence cellular activity. lro

American physicist Edwin McMillan and, independently, Soviet
physicist Vladimir I. Veksler invent the synchrocyclotron, an accel-
erator that produces particle energies in excess of 20 million elec-
tron volts. rnYr

A m e r i c a n  a n t h r o p o l o g i s t  R a l p h  L i n t o n  p u b l i s h e s  C u l t u r a l
Bachground of Personality, which develops an interdisciplinary ap-
proach to the study of culture and personality. roc

c. .9a5W Inspired by the Chicago school (see 1930, Harold Lasswell), behav-
-V 

iorism becomes dominant in political science from the late 1940s
to the 1960s. Behaviorists attempt to explain and predict political
behavior across cultures and throughout historical periods, using
empirical methodologies previously employed by other social sci-
ences. See 1960s. roc

A pilot is killed in Germany in the first attempt at manned rocket
flight. rrcrl

r945
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t946 Abraham Pais and C. Moller coin the term lepton to describe parti-
cles such as electrons and muons that are not affected by the
strong force. D|fYr

./
c. W{6 o The field of artificial intelligence (AI) begins as the first computers

1j'63i are developed. Al-often defined as a multidisciplinary field en-
> ' compassing computer science, neuroscience, philosophy, psy-

chology, robotics, and linguistics-will attempt to reproduce with
machines the methods and results of human reasoning and brain
acriviry.

al ptorpc,tc lc aolntldct lhc quotflcn, 'Gan l|aahln;lt flilnk?'E
-Alan l|elhltcn tufing, Brfllbh aornpulcrt *lcnlltl; | 936

tl{o, I'n ncJ ln}ctotlc,d ln dovclcplng e pcwcilul btoln.
All l'n qfilct It lutl o ncdlcato btsln, torncflfing llko ilre

ptctldcnl ol lhc Amcrl|cen tclcphcinc cnd 7llogtciph
Gompoiny.D-Rcmct*t olltilbul;rd lo tudng ef a

ncofing wllh Bort Gctp. c,rc,caflvot

1946 American pediarrician Benjamin Spock writes The Common Sense
Booh oJ Baby and Child Care, encouraging parents to show more af-
fection toward their infants and be less structured in their feeding
habits. Later retitled Baby and Child Care, Spock's book will become
an all-time bestseller on the subject of child rearing. r.yql

1946 1-1' In psychoanalysis the idea of brief therapy begins to evolve. Any

Sorm of this therapy is goal specific and has relatively limited and- 
delineated objectives. Brief therapy may be completed in ten to
sixty-five sessions, whereas traditional psychoanalysis can take up
to five hundred sessions. Further, brief therapy strives to focus on
the present problem and work on modifying current variables.rlyctr

1946 A m e r i c a n  a n t h r o p o l o g i s t  R u t h  B e n e d i c t  p u b l i s h e s  T h e
Chrysanthemum and the Sword. a classic study of Japanese culture
and society. roc

1946

1946

U.S. postwar testing of nuclear weapons begins in rhe pacific
Ocean. rrcr

At the Califomia Institute of Technolo€V (Caltech), ir is found that a liq-
uid polysulfrde polymer is an effective propellant for space vehicles. rrcn
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ENIAC computer. (Hagley Museum and Library)

1946

1947

1946\Lr The first automatic electronic digital computer, the ENIAC, is con-
f structed at Harvard University by electrical engineers John Presper

Eckert  and John Wil l iam Manchly in consul tat ion wi th John
Atanasoff. This electronic numerical integrator and computer con-
tains radio tubes and runs by electrical power to perform hundreds
of computations per second. nol

The word automation is used for the frrst time, by Ford Motor Co.
engineer Delmar Harder to describe the fourteen-minute process
by which Ford engines are produced. ilol

American chemist Willard Frank Libby invents the technique of car-
bon dating, in which the radioactive isotope carbon-14 discovered
by Martin Kamen in 1940 is used to determine the age of archaeo-
logical objects dating as far back as 45,000 years.

The Dead Sea Scrolls are discovered in earthen jars in a cave near
Khirbet Qumran in what is now Israel. These scrolls contain reli-
g ious texts of fer ing insights into ancient Judaism and ear ly
Christianity. More than ten more caves with other such scrolls are
discovered in the 1950s and 1960s. .

1 9 4 7
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tg47 From a group of molds, American microbiologists isolate chloram-

phenicol, the first broad-spectrum antibiotic' llo

lg47 Amdr ican chemis ts  J .  A .  Mar insky ,  L .  E .  G lenden in ,  and C '  D '

Coryell discover promethium, the last element from the periodic

table to be identifred. cl|ln

c.1947 Researchers abandon the idea that the oceans' floors are flat and

produce arguments in favor of the continental drift hypothesis. rerrn

lg4T Nikolai Vasilevich Belov develops his theory concerning maximum

ionic densitY. rrrfll

lg47 American geobiologisr Maurice Ewing conducts systematic studies

of the North Arlantic, using depth probes, and determines the exis-

tence there of a huge abyssal plain. uril

British physicist Cecil FranK Powell discovers the subatomic particle

called a pi-meson or pion, the first true meson to be discovered.

See 1935, Yukawa and 1957, Anderson' tllvf

Hungarian-Brit ish physicist Dennis Gabor develops the theory of

holography, though full implementation of it will await the inven-

tion of the laser in 1960. trrv3

Austrian-born psychoanalyst Anna Freud, daughter of Sigmund

Freud, founds the London Hampstead Child-Therapy Clinic. In

1936 she had introduced the theory of ego defense mechanisms

such as repression. She becomes well known for her work in the

psychoanalysis of children. DtYcll

The Institute of Sex Research is founded as an affiliate of Indiana

University by Alfred C. Kinsey. In the next five years, Kinsey. and

three colleagues will publish the results of research on male and fe-

mafe sexualiry known as the Kinsey Reports. These frndings will be

used to correct prevalent misconceptions about female sexual

arousal, childhood sexuality, and homosexuality. P3YCll

The first self-sealing tubeless automobile tires are sold, by B. F.

Goodrich. lrcH

The eight-engine Spruce Goose, then the largest aircraft in the

world, is introduced by its desi$ner Howard Hughes in a one-mile

flight in Long Beach Harbor, California. ' trcll

The first Levittown suburban housing development is erected, on

Long Island, by American construction desi$ner Abraham Levitt

and his SonS. Over the next decade, thousands of these moderately

pr iced homes wi l l  be mass-produced on Longl  Is land,  in  Penn '

sylvania, and in New JerseY. ttclr

The Radarange, the first microwave oven for commercial use, is

built and demonstrated by the Raytheon Co., but it is not an imme-

diate success. tlcll

1 9 4 7

1947

1947

1 9 4 7

1 9 4 7

1 9 4 7

1947

1 9 4 7
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THE EDEEL OF THE RIrcHEN

n 1947, when the u.s. manufacturer Raytheon introduced thertr$ mi-
crowave oven, the company predicted it would revolutionize cooking.
They had rea.son to be confident. After aII, it had beenfive years since

Raytheon scientist Percy spencer had discoyered that the magnetron, or
electronic tube, he was testing would manipulate food motecules into a
heated, cooked state, and the company had used, the war years to develop a
worhing protofue.

But the public test of the Radarange wes a faiture. since the ovm tacked
modern-day browning da)ices, the tested foods, untihe those in the publicity
photos, were pale and rubbery. worse, qt the size of a standard, oven and a
cost of $3,000, thefirst mic:rowave was hardly an afJordable conyenimce. Not
until Amana Refrigeration introduced a $495 table-top microwave ovm in
1967. built with a smaller electron tube da,etopedbyJapanese mgineer Keishi
ogura, did the product sell. until thm the microwave oven was as popular as
the 1957 giant meant to rarclutionize its own industry, the Ford, Edsel.

c . 1 9 4 7

Oc t .  14 .
ts47 

&

1948

Diesel-electric trains are replacing steam locomotives on
road lines.

In the f i rst  p i loted supersonic airprane f l ight ,  capt.  char les E.
Yeager flies rhe Bell X't rocket-powered plane Glamorous Glennis,
named for his wife, faster than the speed of sound at Muroc Air
Force Base in California.

Austrian-born astronomers Hermann Bondi and Thomas Gold theo-
rize that the universe is expanding but has no beginning or end.
New matter, they say, is constantly being created from nothing.
This model of what becomes called the steady-state universe is lat-
er popularizedby Fred Hoyle. rrtlo

U.S. researchers at White Sands, New Mexico, launch a monkey
named Albert in aY-Z rocket's nose cone. rrrro

The Hale telescope at Mount Palomar, california, named for u.s.
astronomer George Ellery Hale, becomes the largest reflecting tele-
scope in the world, as it is to the present day. Its lens is 5.0g me-
ters (200 inches) in diameter. See also 1897, Hale.

u.s. astronomer Gerard P. Kuiper discovers Miranda, rhe fifth
known moon of Uranus. rrtrc

1948

1948

1948
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l94g American microbiologisr John Franklin Enders, along with U.S.

virologist Thomas H. Weller and U.S. physician Frederick Chapman

Robbins, develops a technique to study viruses within living cells.
, Using chicken eggs, Enders grows viruses in the developing em-

bryos, then adds penicillin to prevent bacteria growth without de-

stroying rhe viruses. This method becomes useful in finding ways

to battle viral diseases. ro

lg4g After years of study on mice, American geneticist George small lo-

cates the specific gene sites (histocompatibility genes) concerned
V with the acceptance or rejection of tissue transferred from one or-

ganism to another. He wil l be awarded the 1980 Nobel Prize in

medicine and physiology for this work. llo

TTIE WAR ON FUNGI

s long as there have been people there have been fungi to torment

them. Neither plants nor animcls, fungi such as mold. yeast, and

mushroomE bre a distinct hingdom oJ living things that absorb

nutrients directty from the environment, either from dead organic matter or

parasitically "from living hosts. Some varieties have long been useJul-yeast

in bahing and brewing, mushrooms as Jood-but others are more inclined

to use peopte as Jood. Fungi spoil granaries, rot boohs, and cause madden-

ing itches in warm, moist body crevices such as the vagina and the spaces

between toes. However, it was not until 1948 that two American women

discovered the rtr$ safe Jungicide Jor human use.

Nystatin, named in honor oJ New York State, which Junded the scien-

fisfs' work, was the discovery of microbiologist Elizabeth Hazen and

chemist Rachel Brown. Hazen and Brown were convinced, based on prai-

ous relearch, that an antiJungal organism existed in certain soils. While

vacationing in Virginia, Hazen collected a soil sample from a friend's cow

pasture and sent it to Brown in New Yorkfor analysis. Brown then isolated

an antitoxin agent in the soil. The two used it to darclop nystatin, the rtrst
br oadly efJec tiv e antfung al antibiotic .

Since then, nystatin has appeared in the form of oral and vaginal

tabtets, ointments, powder, and liquid medication. Horticultrtrists also use

nystatin to combat Dutch elm disease. Its msl&destroying ability prevents

spoilage in everything from bananas to zebra Jeed. In 1966, when the Arno

River overflowed in ltaly, nystotin was used to stop mold Jrom ruining

priceless paintings and books damaged by Jlood waters. And, perhaps mosl

important to anyone with toes, theJungicide worhs against athlete'sIoot.
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1948
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soviet geneticist and biologist L V. Michurin's alternative theory of
genetics wins out over neo-Mendelism in the Soviet Union, where
Michurin becomes heralded as a great and original thinker. His fun-
damental rheory is that heredity can be altered by changing the
environment.

American biochemists Stanford Moore and
invent starch chromatography.

tto

William Howard Stein
CTIN

o. F. Tuttle and N. c. Bowen develop the first petrogenetic grid and
apply ir to metamorphosis and serpentinization. r rfll

nll, In tomc celo,alyrtm, all oJ rcIcnfltta tnlorntsllcn wctc fc
be dcsltoyGd, and only onc tenlcncc pattcd cn fo ]hc ncxl
genctefion cl ctealote4 whel ilcil',mcnl would aonlgln lhc
mc,ri] lnlormc/ll',n wllh ]hc J',w',tt wotdt?...AIl thlngr crc

mcdc cl ntcml-lllflc pcrflclcr thcl rnovc oround In pcrpctuct
rncllon, ctlrcctlng eerch cthcr whcn thcy crc c llillc dlrlcncc

opoil, but rcpclllng upcn bclng rquoczcd lnlo ccch clhcr.
ln lhe] cnc tcnlc,ncc...jhclc lt en llnclmcut emc,un] cJ
lnlotnsllon ebcut Jhc wcild, li luil e ltrile tnaglnetlon

end lhlnktng cltc epplled.o-Rlcholtd Fcyntmon,
Amcttaen phydalfi; lvcnllcfri aenluty

swiss physicist Auguste piccard builds the first bathyscaphe, an im-
provemenr upon the bathysphere for deep,sea dives. piccard tests,
rebuilds, and continues to improve upon the craft.

u.S. mathematician Norbert weiner publishes cybernetics, a land-
mark invest igat ion of  the mathematics of  computer-control led
systems. r nl

Amer ican bo tan is t  Ben jamin  Duggar  i so la tes  and in t roduces
Aureomycin, a tetracycline, which proves second only to penicillin
in combating infection. rlD

The united Nations esrablishes the world Health organization, star-
ing thar "the health of all peoples is fundamental to-the arrainmenr
of peace and security."

German-born American physicist Maria Goeppert Mayer and, inde-
pendently, German physicist Johannes Hans DanielJensen advance
the shell model of the atomic nucleus, introducing the concept of
magic numbers for the numbers of protons or neutrons that pro-
duce the most stable structures.

500



SOMETHING TO DIGEET

ince the Nobet Prize was instituted in 1901, more than three

hundred. people have received awards for science' Only nine of

them have been women. The first American woman to do so was

biochemist Gerty Theresa Radnitz Cori (1896-1957), who shared the

prize for physiology or medicine with her husband Carl Ferdinand Cori

in 1947.
The couple won the awardfor discoyering the series of steps by which

the human body converts glycogen into glucose and back again to glyco-

gen, the process now known as the Cori cycle. Glycogen, a starchlike

substance, is the main Jorm in which carbohydrates are stored in ani-

mals, especiatty in liver and muscle tissue. Glucose is the simple sugar

that is the body's major Eource of energy. By showing how glycogen and

glucose are converted into one another, Gerty and Carl Cori contributed

to our understanding of how cells obtain energy fromfood.
The other eight women awarded Nobel Prizes in science are:
o Frenchphysicist andradiochemist Marie Curie (1903, physics;

1911, chemistry).
o French chemist Irdne Joliot-Curie (1955, chemistry).
o American physicist Maria Goeppert Mayer (1965, physics).
c American chemist Dorothy Crowfoot Hodgkin (1964, chemistry).
o American Rosalyn SussmanYalow (1977, physiology or medicine).
o American geneticist Barbara McClintock (1983, pltysiology or

medicine).
o ltalian neuroembryologist Rita Levi-Montalcini (1986, pltysiology or

medicind.
o American biochemist Gertrude Elion (1988, pltysiology or medicine).

I H C  T I N E f I N E  B O O K  O F  S G I E I I C E r 94o

American physicist Richard Phillips Feynman develops the theory

of quantum electrodynamics or QED, the study of the properties of

electromagnetic radiation and its interaction with charged matter

i n  t e r m s  o f  q u a n t u m  m e c h a n i c s .  J u l i a n  S .  S c h w i n g e r  a n d

Shin'ichiro Tomonaga independently develop the theory. FllYt

At Cornell University, the first major attempt is made to put togeth-

er a pseudobrain out of electrical circuits. F3YCH

ln Male and Female: A Study of the Sexes in a Changing World,

American anthropologist Margaret Mead argues that many aspects

of gender identity are determined by cultural practices. toc

c re+a$
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1948
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1949

1949

r949

t949

r949

1949

t949

1949

German-American astronomer
Icarus.

t H t  T r m E f t i l t  E o o r (  o ;  g c t l l t c t

American economist Paul Samuelson publishes Economics, which
will long remain a standard textbook. A Keynesian, Samuelson will
win a Nobel Prize in 1970 for his role in developing the marhemari-
cal basis of economics.

The transistor, which will greatly reduce the size of elecrronic de,
vices, is developed for Bell Laborarories by U.S. physicisrs William
Shockley, John Bardeen, and Walter Brattain. ilol

The long-playing vinyl  phonograph record is developed and
demonstrated by cBS engineer Peter Goldmark. The twelve-inch
record runs at a speed of 33,A r.p.m. and plays for about forty-five
minutes. trql

Hexachlorophene, a bacteria'killing compound, is an active ingredi-
ent in Dial, the first deodorant soap. ilctl

Physicist George Gamow predicts that if rhere was a Big Bang ar rhe
creation of the universe, there should be a homogeneous back-
ground of radio radiation indicating an average temperature of the
universe of about 5" K. See 1964, Penzias. rrno

Walter Baade discovers the asteroid
rlllo

Astronomer Ralph Belknap Baldwin theorizes thar meteoritic im-
pacts account for lunar features. Irtlo

U.S. astronomer Fred L. Whipple theorizes that comets are ..dirty

snowballs" composed of ice and dust. rnro

Astronomer Gerard P. Kuiper discovers Nereid, one of Neptune's
two satellites. lrrlo

Publication of the Henry Draper Extension begun in 1925 is com-
pleted. With the Henry Draper Catalogue of 19t8-t924 (see 1924),
both based primarily on the work of U.S. asrronomer Annie Jump
Cannon, the works together catalog some 350,000 stars. rrrro

British anatomist Peter Brian Medawar develops a technique lead-
ing to the reduction of problems associated with tissue transplants.
Working with mice ernbyros, Medawar discovers they have nor yet
developed an immunological system to reject foreign proteins, so
that when these embyros begin independent life and form antibod-
ies they do not treat injecred foreign cells as invaders. ro

The first photograph of genes, rhe units that transmit physicat char-
acteristics from one generation to the next, is taken by Daniel
Chapin Pease and Richard Baker at the University of Southern

trcCalifornia.

American physicist Glenn T. Seaborg and his colleagues discover
the element berkelium. ciltn

1949
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SNAKE PN CURES

he horriJic images oJ Olivia de Havilland being "teated" Jor
mental illness in the 1948 movie The Snake Pit were restrained

compared to some techniques that have been employed in real

asylums. Atong with the shock therapy and straitiachets shown in the

movie, here are Some of the more arcane, barbaric, and bizarre treatments

of mental illness offered throughout history:

Apptes. Those sulJering "from mqdness were once allowed to eat noth-
ing but applesfor thirty days.

Bad news. In this sixteenth-centurY therapeutic technique, manic pa'

tients were givenfrequent unpleasant and depressing news.

Bleeding. Btood was let out of the patient's body, based on the belieJ
that too much hot blood caused insanity.

Branking. Starting in sixteenth-century Scotland, the insane were put in
iron or leather headpieces (branks), complete with a mouth gag.

Carbon dioxide therapy. As recently as the 1940s, neurotics were pre'

scribed carbon dioxide inhalation to the point of coma.

Diamonds. As early as 1582, diamonds were worn to cure depression
and prevent nightmar es.

Fish. Citerrochen fish, which are naturally charged with electricity,
were placed on patients'foreheads as a shocking apparatus.

Human skin belts. Skin betts made lrom human corpses were worn by
those sulJering from hysteria.

Malaria. In early twentieth-century America, intentional infection with
malaria was used as a form of therapy Jor the general paralysis of the
lnsane.

Peas. Head wounds were inJlicted on patients, then sntlJed with dried
peas. The peas were supposed to produce a counterirritation to combat
the mental initation in the brain.

Withholding a,fternoon tea. In early nineteenth'century England, hot
drinhs were believed to cause suicide.

This list by no means exhausts the questionable practices undertahen in

the name of restoring mental health. Since antiquity water has been a Ja-
vorite therapy, usually cold and droppedlrom heights onto patients' heads,

or used to immerse them to the point oJ drowning. Whipping was once a

Jorm of shoch therapy, and sneezing powder was popular. Perhaps the

most radical treatment wzs one recommended by an American neurologist

in 1877: rest, seclusion, goodfood, and c massage.
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British chemist Derek H. R. Barton begins to study complex organic
molecules. He wil l eventually demonstrate the high dependence
that chemical properties have on molecular shape. triln

British biochemist Dorothy crowfoot Hodgkin is the firsr to enlist
the aid of an electronic computer in discovering the structure of an
organic compound, in this case penicillin. , qiln

V-2 rockets are used by the United States to explore the upper
atmosphere. lrrlil

Psychopharmacologisr J. F. J. Cade publishes the first reporr on
lithium's antimanic effects. Although lithium was discovered in
1817 by swedish chemistJohan Arfwedson as_a narurally occurring
salt, it will not be approved in the United states for the treatment
of affective disorders until 1970. pfvctl

writer George orwell coins the term brainwashing in his novel
Nineteen Eighty-Four. rtyctl

The wechsler Intelligence scale for children (wtsc) is published as
an intelligence test for children five to fifteen years old. rryql

French anthropologist claude L6vi-strauss publishes his first major
work, Elementary structures of Rinship. In this and later rirles, in-
cluding structural Anthropology (1958) and The savage Mind (1962),
he expounds his theory of structuralism, which will become impor-
tant not only to anthropology but to literary studies. roc

A rocket-testing site is founded ar cape canaveral, Florida, the fu-
ture site of U.S. space launches. ilctl

U.S. engineers build and launch rhe first multisrage rocker,
_ I up of a smaller rocket on top of ay-2.

Sept. Zi[ The Soviet Union explodes its first fission bomb.
1949

I
1950s * Metal-shadowcasting and freeze-drying techniques are developed

I \ in the microscopic study of viruses. ro

American biochemisrs Edmond H. Fischer and Edwin G. Krebs dis-
cover a cellular regulatory mechanism used to control a variety of
metabolic processes important to life. uo

Researchers find that they can increase plant root systems by inoc-
ulating them with soil fungi or mycorrhizae. The fungi colonize and
extend down to the root system, providing more root-surface area
for water and nutrient absorption. to

Some insect pest\are successfully controlled biophysically, by ster-
i l izing males with radiarion.

made

ttctl
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Prompted by studies of paleomagnetism in the late l94Os, geolo-
gists begin to accept the concept of continents moving relative to
magnetic poles and to one another. This change represents the be-
ginning of significant studies of continental drift, sea-floor spread-
ing, and plate tectonics. See also 1912, Alfred Wegener, and 1960'

Henry H. Hess. lllrlr

Several nations, such as Iceland and New Zealand, begin to access
geothermal energy from water that is naturally heated in volcanic
and earthquake areas, where molten rock is close to the surface
and hot springs and geysers plentiful. rernt

During this decade, scientific researchers in every discipline learn

to make use of computers. Computers will be used in calculating
planetary orbits, weather patterns, molecular structures, population

trends, and more.

Two main classes of elementary particles, fundamental units small-
er than the atom, are identified. Hadrons, including nucleons (pro-

tons and neutrons), mesons, and hyperons interact by the force
known as the Strong interaction and are found to have a complex
internal  structure.  Leptons, including electrons, neutr inos,  and
muons, interact either by the weak or electromagnetic interactions
(or forces) and have no apparent internal structure. ilrY3

I 950s

1 950s

e 
- 

Psychiatr ist Nathan Kline introduces reserpine as the f irst major

tranquilizer. tiYclr

German psychoanalyst Ludwi$ Binswanger formulates a mode of

therapy from the ideas of existentialism. He claims that neurosis

must be explained by its meaning to the patient, not in terms of its

origin or etiology. Existential therapy in all its forms becomes not a
"school" of psychology but rather an undersmnding and therapy

based on personal values, concrete experience, and respect for

each patient. D3YClr

German-American psychologist Stanley Milgram experiments with

human obedience, finding that people will go to the extent of tor-

turing others in order to obey authority figures. Milgram suggests

that this tendency helps to explain people's compliance with Nazi

brutality during World War Il. tsYcll

Research psychologists Neal Miller and John Dollard introduce the

frustration-aggression hypothesis, that frustration always causes a

certain amount of aggression. This hypothesis will play a part in eval-

uating and diagnosing mental health problems like depression. plvclr

Between now and the 1960s, the monoamine (MAO) inhibitors and

tricyclic antidepressants are discovered and developed. t YCll

I  950s

1 950s
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Dutch astronomer Jan Hendrik oort suggesrs rhat comets originate
in a vast cloud of material revolving around the sun far beyond
Pluto, a region that becomes known as the oort cloud. Astronomer
Gerard Kuiper wil l posit the existence of a disk-shaped bert of
comets just beyond Pluto. rmo

American biochemist william cumming Rose conclusively estab-
l i shes  the  pro te in -bu i ld ing  ro le  o f  the  essent ia l  amino ac ids :
isoleucine, leucine, lysine, methionine, phenylalanine, threonine,
tryptophan, valine, and hisridine. ro

Using the electron microscope, Belgian cytologist Albert claude dis-
covers the structural network of membranous vesicles in cells' cy-
toplasm called the endoplasmic reticulum. lo

German-born American biochemist Konrad Emil Bloch, using stable
carbon-15 and radioactive carbon-14 as tracers, shows detailed
changes occurring with the buildup of the cholesterol molecule in
the body. rlo

American physicist Glenn T. seaborg and his coileagues discover
the element californium. qflr

In Paris, an international meeting agrees to adopt a new astronomi-
cal unit, the ephemeridical unit, to measure rime. Ir is based on the
earth's movement around the sun. rrrfll

A French team led by Maurice Herzog cl imbs Annapurna, the
first 8,000-merer peak (26,000 feet) ever scaled, in north-central
Nepal. ttrrrl

An international technical organ of the United Nations, rhe world Me-
teorological organization, is founded, replacing rhe International
Meteorological Organization begun in 1873. rrrnl

German-French physicist Alfred Kastler develops an optical pump-
ing system, which uses electromagnetic waves to excite atoms and
is a precursor to the laser. , rtfya

American psychiatrist Jacob L. Moreno develops psychodrama
(therapy involving role playing ro bring about emotional catharsis)
and a social psychology methodology called sociometry, a tech-
nique for measuring attraction and repulsion among people. r.yol

German-born psychoanalyst Erik'H. Erikson writes his first work on
the developmental stages in humans. The stages he elaborates are
trust vs. mistrust, autonomy vs. doubt, industry vs. inferiority,
identity vs. diffusion, inrimacy vs. isolation, generativity vs. stagna-
tion, and integrity vs. despair.

1 950
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American social psychologist Stanley Schachter begins developing
a psychological cognitive theory of emotion, claiming that humans
cannot discriminate emotions unless they have some cognitive in-
dication of what their feelings relate. t3vcll

Amer ican psycho logy  pro fessor  James J .  G ibson wr i tes  lhe
Perception oJ the Visual World, a book on human perception that
explores the role human senses take in select ing informat ion
from stimuli. His theory comes to be called psychophysical corre-
spondence.

1950 , British mathematician Alan Mathison Turing proposes the "Turing

}!! Test" for determining whether a machine thinks: If a person com'
municating with a computer cannot tell whether its responses
come from a human or a machine, the computer can be consid-

t l t t  t t

1 9 5 0  ,

r 950

r 950

I 950

1951

l  951

r95l

1  9 5 1

I  9 5 r

1  951

ered intelligent.

Orlon, a polymerized acrylonitri le
ployed in clothing, is introduced by
sultation with William Hale Church.

. 
tlctl

f iber that wil l be widely em-
Du Pont, as developed in con-

ft(|l

$, 
fh. first Xerox machine is built by the Haloid Co. of New York. rrcll

Dutch-American astronomer Dirk Brouwer is the first to use a com-
puter to calculate planetary orbits. rtlro

Using spectroscopic analysis,  U.S. astronomer Wi l l iam Wilson
Morgan shows that the Milky Way galaxy has a spiral structure like
that of its neighbor the Andromeda galaxy (M31). rrtro

U.S. astronomers Harold lrving Ewen and Edward Mills Purcell dis-
cover radio emissions from hydrogen clouds in interstellar space
(see l944,van de Hulst). Their 21-centimeter-wavelength radiations
will allow astronomers to map the structure of the galaxy and con-
firm that the galaxy rotates once every 200 million years. rttto

Henrietta Lacks, a thirty-one-year-old cervical cancer patient, dies
in Baltimore. Cells from her cervical tumor are preserved and,
when multiplied, become the first continuously cultured strain of
cancer cells, called HeLa cells. tlo

German biochemist Feodor Felix Konrad Lynen is the first to isolate
acety l  coenzyme A,  a  compound impor tan t  in  b iochemica l
functions and as an intermediate in the Krebs cycle, the cycle of
intracellular chemical reactions by which organisms convert food
chemicals to energy. lto

Insect sterilization by irradiation is determined to be an effective
method for lowering insect levels, according to findings by U.S.
Department of Agriculture entomologist Edward Knipling. ro

1951 -k Drawing on quantum theory, American physicistJohn Bardeen de-
v - velops an explanation of superconductivity. trYt
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The Chrysler Corporation introduces power steering in their high-
end automobiles. Eventually, power steering will be installed in oth-
er Chrysler models, as well as those made by other automobile
companles.

The Univac computer is introduced for business
Rand.

man settlement in the Americas.

Michael Ventr is deciphers the ancient Cretan
Linear B.

color television programming is rransmitted for the first time, by
cBS, though color TV sets will not be marketed commercially until
1954. rrctr
An experimental reactor in Idaho generates the first electricity from
nuclear power. rrcl
Archaeologists discover signs of human settlement at a site near
Clovis, New Mexico, dating from 1 1,500 years ago. The remains of
these "clovis people" are the earliest undisputed evidence of hu-

ttctl

use by Remington
ttcrl

llcll

language known as
llctl

U.s. astronomer walter Baade discovers an error in the cepheid lu-
minosity scale (see 1912, Leavitr, and 1914, Shapley), based on dif-
ferences berween cepheids in population I and population II stars.
As a result, he determines that other galaxies are about twice as far
away as previously thought. rrtro
Astronomers Adrian Blaauw and Georg Herbig discover evidence
of ongoing star formation in the Milky Way galaxy, while Martin
schwarzschild investigates signs of stellar evolution in globular
clusters. rltrlo
British biochemist Frederick sanger uses paper chromatography to
show that the protein hormone insulin consists of fifty amino acids
along two int'erconnected chains. He also shows their exact order
on each chain. lto

U.S. biologists Roberr Briggs and Thomas J. King successfully trans-
plant living nuclei from blast cells to enucleated frog's eggs. lto

After working with implanted tumors in chick embryos, Italian em-
bryologist Rita Levi-Montalcini shows the nerve growth factor to be
a soluble substance that the tumor releases, which hastens nerve
growth. ro

American biophysicist Rosalyn Sussman yalow develops the ra-
dioimmune assay, a method for detecting and following antibodies
and other minute biologically active proteins and hormones pres-
ent in the body. !|o

American physicist Albert Ghiorso and his colleagues discover the
element einsteinium. cxln

L
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U.S. chemists Stanley Lloyd Miller and Harold Clayton Urey demon-
strate that simple chemical compounds such as water, hydrogen,
ammonia and methane-like those believed to have composed the
earth's early atmosphere and ocean-can interact with electrical
discharges to produce more complex organic compounds and even
amino acids. This experiment suppor$ the theory that life originat-
ed on earth from simpler, nonliving substances. qrn

British biochemist Arthur J. P. Martin develops gas chromatogra-
phy. srr

American chemist William Gardner Plann develops zone refining, a
technique for reducing the impurities in metals, alloys, semicon-
ductors, and other substances. trrn

German physician and philosopher Alben Schweitzer receives the
Nobel Peace Prize for his work wirh rhe sick in Africa. rrD

U.S. biochemists discover an antibacterial called isoniazid, which
will be used in the long-term treatment of tuberculosis. rrD

In the United states erythromycin, an antibiotic used to treat skin,
chest, throat, and ear infections is isolated. flD

Fossil remains of a giant extinct ape, called Gigantopithecus, are
discovered in Asia. rtlto

Polish physicists Marian Danysz and Jerzy pniewski discover the
K meson or kaon, about 0.5 the mass of a proton, and the lambda
particle, approximately | .2 times the mass of a proton. particles more
massive than protons willeventually be grouped as hyperons. rrfy.

O The American Psychiatric Association publishes its first Diagnostic
and statistical Manual oJ Mental Disorders (DSM-I ), which will serve
as a mental disorders classification system and be the diagnostic
standard of the APA. see also l979,world Healrh organization. rrvol

Martinique-born psychiatrist Frantz omar Fanon examines the sig-
nificance of racism and cultural prejudice in his book Blach skin,
white Masks. After suffering under French coloniar rure, Fanon says
that racial oppression can cause debil itating mental i l lness. In
1953, while pracricing psychiarry in Algeria, Fanon will join with
the Alger ian Liberat ion Movement and at tempt to overthrow
French rule. He will eventually call for violent revolution to end
colonial tyranny.

British anthropologisr Alfred Reginald Radcliffe-Brown publishes
stracdire and Function in Primitive society, on his theory of structur-
al functionalism.

1 Japanese-made hand-held transistor radios are first marketed in the
United States by Sony. ilcx
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Crick and DNA: Molecular computer graphic of a B-DNA molecule.
Institute oJ Health)

1952 Japan's first 55 mm single-lens reflex camera, the Asahiflex, is

manufactured by Asahi Optical Co. of Japan. trcll

MayZ,l952 Using a De Havil land Comet, BOAC institutes the first jetl iner ser'

vice between London and Johannesburg, South Africa. lrc|l

Nov. l, - I The U.S. detonates the first hydrogen bomb, destroying the Pacific

tgSZ J( irtund of Elugelab in the process. This fusion bomb releases energy

equivalent to 10.4 million tons of high explosive, about 700 times

the force of the Hiroshima fission bomb' lrcrl

Superclusters of galaxies-clusters of clusters _'are discovered' rtro

American biologist Robert william Briggs and Thomas J. King suc-

ceed in growing tadpoles from eggs whose nucleus has been re-

placed with one from a partly differentiated cell of a developing

embrYo.

l9S3 J Br i t ish biophysic ists Francis Cr ick and Maurice Wi lk ins,  wi th

J(' American biochemist James Watson, discover the double-helix

structure of the deoxyribonucleic acid (DNA) molecule. 31o

American physicist Albert Ghiorso and his col leagues discover

the element fermium. crlrn

1953

r953

(Nationol

1953
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1953 German chemist Karl w. ziegler and Italian chemist Giulio Natta
develop isotactic polymers, nonbranching, uniformly ordered poly-
mer chains useful in industry. These chains employ catalysts that
combine monomers into polymers in a regular way. cmn

American geologists Maurice Ewing and Bruce Charles Heezen dis-
cover an underwater canyon running the length of the Mid-Atlantic
Ridge (see 1925). In 1956, they wil l  propose the existence of a
wor ld-g i rd l ing format ion of  mounta ins ca l led the Mid-Oceanic
Ridge, accompanied by a formation of canyons cal led the Great
Global Rift. The discovery that the rift separates the earth's crust
into. plates contributes to the developing theory of plate tectonics

1953

(see 1960, Henry H. Hess). r^rill

1953-1979 It is official U.S. Weather Service policy to use women's names for
tropical cyclones, hurricanes, and typhoons. Afterward, names of
both genders will be used for storm names. r^ril

May 29, New Zealander Edmund P. Hillary and his Nepalese guide Tenzing
1953 i Norkay reach the top of Mount Everest. At 8,949 meters (29,ozg

F 
feet) high, this mountain on the Tibet-Nepal border is rhe world's

' 
tallest. Tibetans call Everest Chomolungma, "Goddess Mother of the
World."

1953 /\ The world's f irst successful open-hearr surgery, using U.S. sur-

X- 
geon John Gibbon Jr. 's newly developed heart-lung machine, is' performed. rrD

1953 American physician and epidemiologisr Jonas Edward Salk begins
prel iminary test ing of  a pol iomyel i t is  vaccine he developed in
1952. By 1955 this polio vaccine will be used worldwide ro dramar-
ically reduce rhe incidence of this disease. virologist Albert Bruce
Sabin wil l develop an oral polio vaccine in 1957. nrD,

u.s. physicist Donald Arthur Glaser invenrs the bubble chamber, a
device for detecting ionizing radiation. rrrvl

American physicist Murray Gell-Mann invesrigares rhe property of
the elementary particles called kaons and hyperons that is known
as strangeness, the tendency to decay slowly by way of the weak
interaction even though the particles are subject to the strong inter-
action. To these particles Gell-Mann assigns a quantum number s
(for strangeness number) that has an integral value and does not
equal zero. ,Hyr

A regularly recurring sleep srage characterizedby rapid eye move-
menr (REM) is discovered. This REM srage, which appears sponra-
neously about every ninety minutes during sleep, is considered to
indicate the presence of dreams in humans. ,rvctr

1953

1953

1953
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African-American psychologist Mamie Phipps Clark assists in the

preparation of a social science brief addressing self-awareness and

self-esteem in black children. This brief will form the basis of the 1954

U.S. Supreme Court decision on public school desegregation. trvcx

American pol i t ical scientist David Easton publishes The Poli t ical

System, which develops the approach known as systems analysis.

Drawing metaphors from physics and biology, Easton treats the po-

litical system as one part of an overall social system. His strategy
provides a framework for many topics of study, including the inter-

action of elites, interest groups, and political parties. ec

Amer ican phys ic is t  Char les  Hard Townes and,  independent ly ,

Sov ie t  phys ic is ts  A.  M.  Prokhorov and N.  G.  Basov,  invent  the

mase r  (M ic rowave  Amp l i f i ca t i on  by  S t imu la ted  Emiss ion  o f

Radiation), a device for producing a coherent beam of microwave

radiation. trclr

IBM introduces the IBM 701, i ts f i rst computer for scienti f ic and

business use. llcll

The plastic valve for aerosol cans that now bears his name is devel-

oped by U.S. inventor Robert Abplanalp. tlcll

The Ziegler process, a catalytic technique used in making low-cost

polyethylene plast ics, is developed by German chemist Karl W.

Ziegler. llcll

Cinemascope, a film process that widens the view projected on the

screen. is used for the first time in the film The Robe. rrcr

Bwana Devil, the first three-dimensional, or 3-D, frlm is shown in

theaters. The technique requires special viewing devices to appreci-

ate the 3-D effects. llcx

In Egypt, Kamal el-Malakh and his colleagues discover two cham'

bers near the base of the Great Pyramid of Khufu. In one they find

a 142-foot boat probably meant to transport the deceased pharaoh

to the next world rrcr

American biochemist Vincent du Vi$neaud synthesizes the hor-

mone oxytocin, the first naturally occurring protein to be synthe-

sized with the exact makeup it has naturally in the body. ro

Pol ish-Amer ican b iochemist  Danie l  Is rae l  Arnon obta ins in tact

chloroplasts from spinach-leaf cells that have been disrupted and

shown their ability to photosynthesize extracellularly. ro

Russian-born American physicist George Gamow p;oposEs the exis-

rence of a multinucleotide genetic code. At*{f ttqcwt?o
The microprobe is invented for use in experimental mineralogy. taril
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T h e  N a t i o n a l  G e o g r a p h i c  S o c i e t y  a n d  t h e  M o u n t  P a l o m a r
Observatory together publish the National Geographic-Palomar Sky
Atlas. urill

Off the coast of West Africa, two French naval officers descend to
a depth of 4,050 meters (13,300 feet) in Auguste Piccard's bathy-
scaphe. rlrrH

Scientists at the University of California build the bevatron, a parti-
cle accelerator capable of accelerating protons to energies of 5 or 6
billion electron volts. DnYt

CERN, the European organization for Nuclear Research, is founded
in Geneva, Switzerland. rHYt

Chinese-American physicist Chen Ning Yang and American physi-
cist Robert Mil ls develop the mathematics of Yang-Mil ls gauge-
invariant frelds, concerning symmetry at the level of fundamental
interactions. trrYf

Abraham Pais coins the term baryon to describe particles such as
protons and neutrons that are affected by the strong force, This
de f i n i t i on  w i l l  be  app l i ed  l a te r  t o  had rons  ( see  1962 ,  Okun ) .
Baryons will be understood to be a subclass of hadrons, those with
a half-integral spin. Nucleons (protons and neutrons) will be consid-
ered a subclass of baryons. rllYl

Mar. 1954 t Chlorpromazine is approved for use as an antipsychotic in the
United States, under the trade name Thorazine. rrycrr

June 1954 In the United States the Durham Rule, named for defendant Monte

o Durham, becomes law. It states that a criminal is not guilty if his
unlawfulbehavior is the result of "mental defect or disease." rrycrr

t l t E l l N E  B O O t (  O F  3 C t E l t C E |  9 5 4

Silicon transistors are introduced by Texas Instruments. tlctr

The oxygen steel-manufacturing furnace, already popular in Europe,
is introduced to the United States in a steel mill in Detroit. ttcx

BHA, butylated hydroxyanisole, is approved by the U.S. Food and
Drug Administration for use as a preservative in foods. rrcx

U.S. salesman Raymond Kroc purchases the franchise rights to the
t California-based McDonald brothers' hamburger chain and begins to

develop it into the largest fast-food restaurant chain in the world. rrcr

The U.S.S. Nautilus, the first submarine powered by an onboard nu-
clear reactor, is launched. It will remain in service until 1980. rrctl

1954

1954

1954

1954

1954

1954

c. 1955 The Schwarzschild radius, named for the German astronomer Karl
Schwarzschild, is identified. It is the radius that must be exceeded
for light to escape an object of a given mass, and marks the event
horizon of a black hole. See 1960s. Wheeier. ^rilro
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The United States and the U.S.S.R. init iate separate satell i te pro-
grams, with the U.S.S.R. being the first to launch a satell i te, two
years later. rrllo

British astronomer Martin Ryle invents the radio interferometer, a
device that improves the resolution of radio telescopes. Ittlo

U.S. astronomers detect radio emissions from Jupiter. Ittlo

Measuring the polarization of light, Dutch astronomer Jan Hendrik
Oort confirms a 1953 hypothesis by I. S. Shklovskii that radio emis'
sion from the Crab nebula is the result of synchrotron radiation. rrrro

Belgian cytologist Christian Ren6 de'Duve discovers and names
lysosomes. lto

American physicist Albert Ghiorso and his colleagues discover the
element mendelevium. crln

Using high temperatures and pressures and with chromium as a
catalyst, scientists produce the first synthetic diamonds out of
graphite. cnln

Mathematicians Henri Cartan and Samuel Eilenberg develop homo-
logical algebra, an innovation that unites abstract algebra and alge-
braic topology. ttil

At the urging of social activist Margaret Sanger, U.S. biologist and
endocrinologist Gregory Pincus develops the first successful birth-
control pil l , based on his discovery that the hormone norethin-
drone is effective in preventing conception. nlD

I ta l ian  phys ic is t  Emi l io  Segre  and Amer ican phys ic is t  Owen
Chamberlain discover the f i rst  known ant iprotons, negat ively
charged particles that have the mass of protons. tllY3

Two types of K mesons with differing modes of decay are detected,
the tau and the theta. trlYr

American cl in ical  psychologist  Albert  El l is  develops Rat ional-
Emotive Therapy (RET), which emphasizes how the holding of un'
realistic expectations and irrational thinking and beliefs can cause
and perpetuate human misery. RET works to overcome problems
created by false beliefs and to correct the human tendency toward
irrational thought.

American cl inical psychologist George Kelly publ ishes his two-

volume work The Psychology of Personal Constructs. Kelly's person'

al corlstruct theory is based on the idea that the most important de-

terminant of human behavior is the individual's own conception of

the world and the people he or she meets. Kelly will be the first to

found a psychological clinic for training in a theory. tfYql

1955
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Ad for the ideal kitchen of the 1950s with formica, plastic, nylon, and other features.

U.S. anthropologist Julian Steward publishes his Theory of Culture
Change: The Methodology of Multilinear Evolution, a study of cultural
evolut ion. roc

American physicist Erwin Wilhelm Mueller invents the f ield ion mi-
croscope, which is capable of magnif icat ions of more that a mil l ion
t imes.  I t  is  the f i rs t  dev ice that  can y ie ld  images of  ind iv idua l
atoms. |rcH

The IBM 752, rhe company's f irst computer designed exclusively
for business use, is produced. ilcil

Microwave radiat ion detected on Venus indicates that i ts surface
temperature is as high as 6000 F. rtro

U.S.  b io log is ts  T.  T .  Puck,  S.  J .  C iec iura,  and P.  I .  Marcus grow
clones of human cel ls successful ly in vitro. lro

Using the electron microscope, Romanian-born American physiolo-
gist George Emil Palade discovers thar microsomes (small  bodies in
cel l  cytoplasm) contain RNA, and renames them ribosomes They
are later found to be the prorein-manufacturing site in the cel l .  r lo

Chinese-born American biochemist Choh Hao Li isolates the human
growth hormone from the pituirary gland. He also studies the struc-
ture of ACTH and the melanocyre-srimulating hormone (MSH). ilo

American biochemist Earl Sutherland Jr. isolates cycl ic adenosine
monophosphate (AMP). l to

In the United States the Federal Warer Pollution Conrrol Act passes,
one of the early modern attempts at marine protection. l to
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American biochemist Mahlon Bush Hoagland discovers small RNA
molecules in cytoplasm and shows that each variety has the capaci-
ty to combine with a particular amino acid. ro

Halothane, a colorless ltquid inhaled as a vapor to induce and
maintain general anesthesia, is.introduced. rD

U.S. physicists Frederick Reines and Clyde Lorrain Cowan discover
antineutrinos. rtfrf

Chinese physicists Chen Ning Yang and Tsung-dao Lee show that
the property called parity, the quality of being odd or even, is con-
served in the strong and electromagnetic interactions but not in the
weak interaction. iltvl

The existence of antineutrons, differing from neutrons in the orien-
tation of their magnetic field, is predicted. rtrvt

American anthropologi$ Gregory Bateson formulates the double-
bind theory of communication patterns, which argues that schizo-
phrenia develops in children whose parents give contradictory
messages, often sent subliminally.

The Dartmouth Summer Research Project on Artificial Intelligence
is held to explore the idea that intelligence can be described so pre-
cisely that a machine can be made to simulate it. Among those at-
tending the conference are neurologist and mathematician Marvin
Minsky, Herbert Simon, and Allen Newell. Minsky and conference
host John McCarthy will found the AI lab at MIT, Simon and Newell
the one at Carnegie Mellon in Pittsburgh. tfvql

Americans William C. Boyd and his wife Lyle Boyd identify thirteen
"races" of Homo sapiens, based on blood groups. toc

American sociologist C. Wright Mills publishes lhe Power Elite, an
analysis of American class structure, in which he critiques the high'
ly theoretical sociology of Talcott Parsons hnd others, believing
they neglect such issues as group conflict and social change. loc

The frrst nuclear-powered jet engine is tested in ldaho. It is meant
to power a bomber that can fly for months without refueling, but
the project will be canceled in 1961 after intercontinental ballistic
missiles make it obsolete. tr.rl

Dutch-born American physicist Nicolaas Bloembergen invents the
continuous maser. trcrl

A videotape-recording machine is shown publicly by the U.S.-based
Ampex Corporation. llctl

British astronomer Martin Ryle ar$ues that energy fluctuations in
Seyfert galaxies (see 1944) result from the ejection of matter at
near-light speed. rrno
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oct. 4, fi rn"Soviet Union launches Sputnik/, the world's first artificial satel-
1957 t lite, into orbit. The United States reacts by beginning a space race

with the Soviet Union. trlrro

The U.S.S.R. launches the satellite Sputnih //, which carries a dog
named Laika. rnro

A
1957 Vt- British biochemist John Kendrew solves for the first time rhe rhree-

f l dimensional structure of a protein. lro

1957 American biochemist Melvin calvin discovers and isolates all the
details of plant phorosynthesis. rro

THE RIGITT s?T/TF

Jter the Soviet Union launched the satellite Sputnik in 1957, the
United States was determined to put a man in spole before the
Russicns did. They didn't succeed-Russfan cosmoneut yuri

Gagarin became the frst person to orbit the earth, in 1961-but the Ilnited
states's Project Mercury became a focus for national attention and pride

just the same.
Project Mercury was publicly announced on october 7, 1958. The origi-

nal seven Mercury o.stronauts, famed for the cool, professional courage
Tom wofe called the right stu,fJ in his I9T9 booh oJ the same name, were:

M. Scott Carpenter
L. Gordon CooperJr.

John H. GIennJr.
Virgil I. Grissom
Walter M. SchinaJr.
AIan B. ShepardJr.
Donald R. Slayton

shepard became the rtr$ American in space in a suborbitat flight, on
May 5, 1961. John Glenn became the first American to orbit the earth, on
February 20, 1962. And L. Gordon cooper Jr., became the first American to
spendmore than a day in space, on May 15-16, 196j.

AJter Project Mercury ended, Grissom established another record of a
grtmmer hind. on January 27, 1967, he and fellow asffonauts Edward H.
white II and Roger chaffee were in the Apollo I space capsule during a
training exercise at cape Kennedy, Florida. A flash fire cost them their
Iives, making them thefirst American astronauts to die in the line oJ duty.

3 1 7



t l rE  l t n t t tN r  DooK  o !  tG lExGE

Gibberelins-plant hormones used to increase plant size, especially
in wine and table grapes-are isolated from a fungus of the genus
Gibberella. ro

G. Evelyn Hutchinson defines the concept of the ecological niche as
the place or function of a given organism within its ecosystem,
which is a collection of living things and the environment in which
they live.

rtltotc b a ficty, portapr epcatyphel, ol ]hc dldlngalthcd
Billlth blcrlcigltJ t. B. 8. lleldano., vhc lcland hlmclf ln tho

ccrn,lrcln7 cJ a gtcup cl )ltccllolglont. On bclng otkod *hof onc
cclvlld cclnalude er ]c fhc nsfrlnc cJ ifnc Ctoelclt Jrcn e iluty ol

hb ascallon, Heldeno b teld ]c havc e$u.tcd, 'An lnctdlnelc
Jcndncrr Jot bcoilcs.'Dfi. Svclyn llulahlnton, Bilflth
blerlog|rli, on aollceguo t. B. 8. llaldanc, 1959. (N ]hc

lornally ncncd cinlmeb cnJ planlt' U7 pcrccnl atc
lnoclt, end ncetily hell oi ]hc,tc erc booJlct.
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The lightweight plastic called polypropylene is invented.

American seismologist Charles Richter establishes a new relation'
ship between the magnitude and the energy produced by an
earthquake. rrrflr

Researchers in seventy countries engage in the systematic, coordi-
n a t e d  s t u d y  o f  t h e  e a r t h  a n d  i t s  a t m o s p h e r e  d u r i n g  t h e
International Geophysical Year. One study, for instance, focuses on
measuring the flattening of the earth at its poles. rrrill

British bacteriologist Alick Isaacs discovers interferon, an antiviral
t protein produced by the body in response to viral infections, It will

be used against a wide variety of drug-resistant viral diseases and
in cancer research. nrD

Amniocentesis, the study of amniotic fluid extracted from the am-
r niotic sac with a needle and syrin$e, is developed to test for genetic

disorders.

1957 -. A American physicists John Bardeen, Leon N. Cooper, and John R.
p Schrieffer advance the so-called BCS theory to explain the phenom-

'|rYlenon of superconductivity.

U.S. researchers Allen Newell, Herbert Simon, and J. C. Shaw devel-
op their Logic Theorist program, one of the first artif icial intell i-
gence programs. ttvol

c . 1 9 5 7
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1957 American social psychologist Leon Fesringer presents his cognirive
I dissonance theory, having to do with the relationship among cogni-

tive elements such as self-knowledge, behavior, and environment.
Festinger's research concentrates on the discrepancies between at-
titude and behavior and on the consequences of decisions. Etvctl

In his work syntactic structures, American linguist Noam chomsky
proposes the revolutionary theory of transformational-generative
grammar, in which he argues that innate structures in the mind are
the basis for human languages. This theory seeks to uncover the
underlying structure and rules that govern the production of sen-
tences. ,oc

The wankel rotary engine, an improved internal combustion en-
gine, is developed by German engineer Franz wankel for use in au,
tomobiles and other types of machinery. ilctl

soy protein foodstuffs are more easily created with the develop-
ment of an improved spinning process to mix soy flour and alka-
line liquids. rrcff

u.S. physicist Eugene N. parker discovers rhe solar wind, a flow of
charged, subatomic particles emanating from the sun. rrtlo

u.s. astrophysicist Herbert Friedman discovers X rays emanating
from the sun that are probably produced in its corona. rrrro

The united States launches its first satellite, Erplorer 1. In addition,
American scientists discover the earth's van Al len radiat ion belt
and launch four more satellites and three lunar probes. rrrlo

The united States announces its project Mercury, the first American
manned space program. ltilro

English biochemist Francis crick wrires on a principle he cal ls the
cent ra l  dogma of  molecu lar  b io logy:  "once ' in format ion '  

has
passed into protein i t  cannor ger out again... .  The transfer of in-
formation from nucleic acid to nucleic acid may be possible, but
transfer from protein to protein, or from protein to nucleic acid, is
impossible." t to

Russian scientist llya Darevsky discovers the first known example
of  an a l l - female ver tebrate  spec ies ,  a  l jzard spec ies in  sov ie t
Armenia that reproduces without male fertilization. lro

U.s. geneticist Joshua Lederberg is awarded a Nobel prize for his
work on genetic mechanisms. U.S. geneticists George Beadle and
Edward Tatum also win Nobel prizes, for discovering how genes
transmit hereditary characteristics. lro

1 9 5 7
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American physic ist  Alberr  Ghiorso and
the element nobel ium.

his col leagues discover
ottr

l  958
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t Scottish physician Ian McDonald pioneers rhe use of high-frequen-
cy sound waves (ultrasound) as a diagnostic and therapeutic tool.
Ultrasound is used to destroy diseased tissue and restore damaged
tissue. ntD

G e r m a n  p h y s i c i s t  R u d o l f  L u d w i g  M o s s b a u e r  d i s c o v e r s  t h e
M6ssbauer effect, a sharp narrowing of the energy spread (range of
wavelengths) of gamma-ray emission from atoms in certain solids
possessing a lattice configuration. Aroms of the same crystal will
absorb only gamma rays of the same energy spread. Eee also 1960,
Mossbauer. ilfir

The Counci l  of Mental Health of the American Medical Associat ion
validates the therapeutic use of hypnosrs. riycrr

American psychologist Arnold Lazarus is
behavior therapy in describing certain
strategies.

U.S. experimental and comparative psychologists Harry F. Harlow
and John Bowlby exper iment wi th baby monkeys, mannequin
mothers, and the idea of maternal deprivation. They prove that be-
havioral disturbances and detachment occur when adequate inter-
action, holding, and bonding do not take place between mother
and chi ld.

1958 Social psychologist Fritz Heider publishes what will become a classic
treatise on social psychology, The Psychology of Interpersonal
Relations.In it Heider presents his balance theory and explains why
individuals strive for cognitive consistency-how an individual orga-
nizes beliefs and perceptions in a consistent, organized way. prycrl

sepr .  12,
r959

Oct .7 ,
1959

1959

the first to use the term
menta l  i l lness t reatment

1958 L The Boeing707, the first U.S. jet for passenger service, is put into

4 operation by Boeing Aircraft. flcrl

1 958 A  saccha r i n -based  a r t i f i c i a l  swee tene r  i s  i n t r oduced  to  t he
American market. ttctr

The United States experimental ly launches two monkeys and a
chimpanzee into space. rttlo

The Soviet unmanned spacecraft Luna 1 makes the first flyby of the
moon. rtno

The Soviet unmanned spacecraft Luna 2, launched today, is the

first vehicle to reach the moon, where it crashes on Sept. 14. rtrlo

The Soviet unmanned craft Luna 3 takes the first pictwes of the

moon's far side. rt?lo

Amer ican sc ient is t  Chr is t ian Boehmer Anf insen publ ishes 1 'he

Molecular Bcsis of Evalution, based on his work with enzymes. rlo
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1959 Severo Ochoa and Arthur Kronberg are awarded the Nobel Prize
for discoveries relared to compounds within chromosomes that
play a role in hereditY. llo

tgsg British anthropologists Louis and Mary Leakey discover fossils of

s rl Zinjanthropus boisei in the Olduvai Gorge of what is now Tanzania,

Yt - Africa. Believed to have lived 2.5 to 1 million years ago, this thick-
"V boned hominid with large back teeth is now classified'either as

I
Australopithecus robustus or Australopithecus boisei. tltro

1959 Japanese physicists Saburo Fukui and Shotaro Miyamoto invent the
park chamber, a device to selectively detect ionizing particles. rtry.

1959 German-born psychiatrist Viktor Frankl publishes Man's Search Jor
Meaning, a popular mental-health book emphasizing the impor-

tlvctltance of free will.

1959 The drug haloperidol, or Haldol, is first synthesized, for use with

psychotic disorders. t YCll

Louis Leakey at Olduvai Gorge, the site where the Australopithecus skull was
found in 1959. (The Bettman Archive)
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The first ground-based nuclear rocket engine is rested, with the
goal of designing nuclear rockets to fly into space. After many ex-
periments the program will be scrapped in I 975 as the space effort
is scaled back. rrcrl

The microchip, an integrated circuit made of a single silicon wafer,
is invented by American engineers Jack Kilby of Texas Instruments
and Robert Noyce of Fairchild Semiconductors. rrcx

Sony introduces the first transistorized television set. ,tlql

The first pantyhose are developi'eA, Uy Glen Raven Mills in North
Carolina. rrcrr

Robert Norton Noyce's integrated circuit. (AIdf)
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U.S. physicist John Archibald Wheeler coins the term blach hole for
a collapsed star whose surface gravity is so great that nothing, not
even light, can escape it. rmo

In the United States a creationist movement begins to gain strength
advocating the belief that God literally created all life forms as de-
scribed in the biblical book of Genesis and demanding that this
doctrine be taught in the public schools. Creationists have never ac-
cepted the theory of evolution as expressed by Darwin in 1859. ro

Ecology becomes identified for the first time with environmental
concerns like pesticides, pollutants, and preservation. Prior to this
time, ecology was linked mostly to agriculture and related econom-
lc lssues.

1 960s

I 960s

U.S. biologist  Daniel  Mazia uncouples centrosomal and nuclear
replication in the ferti l ized eggs of sand dollars and sea urchins.
With his assistants he proves that centrosome replication can occur
in the absence of nuclear replication. rlo

By mid-decade some scientists observe what they consider evi-
dence of global warming due to the greenhouse effect. See 1863,
Tyndall. ttrnl

Biofeedback becomes popular as a short-term therapy to help peo-
ple learn healthy responses to stress. In it, a machine tells the pa-
tient when he is controll ing his response (slowing the heart rate
and breathing, and relaxing the muscles). Eventually, the patient
learns to control his responses without the machine. Biofeedback
will come to be used to treat migraine headaches, anxiety and pan-
ic attacks, and hypertension. rryol

Encounter groups, meant to help emotionally well people achieve
high-level mental health, begin to reach their peak in American so-
ciety. By discussing the meaning of life on a profound level, these
groups try to cultivate self-actualization. rrvclr

Family therapy, the treatment of entire families, develops as a re-
sult of theories claiming that many mental illnesses are caused by
abnormal family communication patterns. rlilctl

Stanford psychiatrist and scientist Kenneth Colby develops a com-
puter program simulating a neurotic individual. Colby's artif icial
neurotic will be followed by a more sophisticated artificial paranoid
Colby will name Perry. Both programs are attempts to use comput-
ers to study the structure of mennl illness and create a dynamic

I  960s

I 960s

model that trainee analysts can practice on.

1 960s

* -d

1 960s

1 960s
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American neurophysiologist David Hunter Hubel and Swedish neu-

I 960s Many political scientists react againsr behaviorism (see c. 1945),
which they v iew as having placed an excessive emphasis on
methodology and the preservation of the status quo. They call in-
stead for more emphasis on contemporary problems and human
values. roc

The emerging field of cognitive anrhropology seeks to understand
the structure of cultures as systems of knowledge. roc

By the early part of this decade, radar is in use for such civilian purpos-
es as air traffic control, weather forecasting, and police procedures. ilcrl

Late in the decade, Nils Nilsson, Bertram Raphael, and their col-
leagues at the Stanford Research Institute develop a robot they
name Shakey that is able ro disringuish boxes from pyramids and
follow simple instructions. iln-l

At L'Anse aux Meadows in north Newfoundland, Helge Ingstad and
.George Decker  red iscover  a  V ik ing  se t t lement  da t ing  to  the
eleventh century, indicating that Vikings settled in North America
several centuries before Columbus. llcrl

American astronomer Frank Drake organizes Project Ozma, a four-
hundred-hour radio search for extraterrestrial life that yields nega,
tive results. rrno

U.S. astronomer Allen Sandage identifies several starlike objects
emitting radio waves, the first being 3C48. Maarten Schmidt will
show in 1963 that these objects are quasars. Irrto

American zoologists Kenneth Norris and John Prescott determine
that marine mammals (in this case dolphins) use echolocation to
find the range and direction of objects in the water. ro

University of California-Berkeley biochemists A. Tsugita and Heinz
Fraenkel-Conrat describe their discovery of the first definite link be-
tween a mutation, or change in inheritance code, and an alteration
in the molecule manufactured according to that code. ro

Tiros I,launched by the United States, is the first weather satellite.
It is equipped to take thousands of photographs of the earth and its
cloud cover and transmit them back.

1 960

r 960

1960

1 960

May 16 ,
1960 t

1 960
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U.S. geologist Henry H. Hess proposes the concept of sea-floor

spreading, a key idea in plate tectonics. Hess suggests that new

ciust forms at rifts, especially in the sea floor, where lithospheric

plates move apart. See also 1912, Alfred Wegener. rrril

The "new math," an educational system that constructs mathemati-

cal relationships from set theory, is introduced in American public

schools. nailr

The General Conference of Weights and Measures Sets a new stan-

dard for the meter'. 1,650,763.73 wavelengths of the spectral l ine

of a certain isotope of krypton. nllc

Foss i l  bones  o f  p r im i t i ve  Tr iass ic  saur isch ians  found in  the

Ischigualasto beds of Argentina appear to be from of the oldest di-

nosaurs then known. tllro

An international team of geologists discovers dinosaur footprints

on the Arctic island of West Spizbergen (Svalbard). The tracks will

be identified in 1961 as those of the early Cretaceous dinosaur the

Iguanodon t lro

Scientists use the Mdssbauer effect (see 1958) to test the $eneral
theory of relativity. Monochromatic gamma rays fired from the top

of a building at a crystal at its base prove to increase in wave-

length, owing to the stronger gravitational field at the bottom, an

effect predicted by the theory of general relativity. trYl

American physicist Luis Walter Alvarez discovers resonance parti'

cles, which exist for so short a time (10t0 second) that they can be

regarded as the excited State of more stable particles. ?llv!

Polish-American chemist Leo Sternback discovers a drug market-

ed as Librium, a benzodiazepine for the treatment of anxiety and

1 960

1 960

1 960

tenslon.

r 960

*
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American physicist Theodore Harold Maiman invents the laser
(Lighr Amplification by Stimulated Emission of Radiation), a device

that produces an intense beam of coherent l ight. The laser wil l

have many applications in physics research, industry, electronics,

and surgery. rrcH

The first electronic wristwatch, the Accutron, is developed by

Bulova. It operates with a tuning fork that vibrates 360 times per

second. rlcll

Aluminum cans come into use in the United States aS containers
for soft drinks and food products. rrGH
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Apr. lzlh- Riding aboard the Vostoh 1, Soviet cosmonaut Yuri A. Gagarin be-
196l 

Y comes the first human to reach outer space and the first to orbit
the earth. Attrro

May5, 1961 U.S. astronaut Alan B. ShepardJr. is the first American in space. His
Freedom 7 space capsule makes a fifteen-minute suborbital flight. rlrlo

May 21, U.S. president John F. Kennedy promises to send a man to the
196l moon and back by the end of the decade . see July 20, tg6g. rrrro

July 21, Virgil I. Grissom becomes the second American in space, during a
1961 suborbital flight aboard rhe Liberty BeII T. rrrro
Aug. 7,
1961

1961

1961

soviet cosmonaut Gherman s. Titov, aboard the vostok 2, be-
comes the second Soviet in space and the first human to spend
more than a day in space, complet ing seventeen earth orbi ts
during his Z\'/z-hour flight. Irtro
Biochemisrs at the oak Ridge National Laboratory in Tennessee ob-

l'' serve in a test tube for the frrst time the genetli process by which
proteins are synthesized.

American physicist Albert Ghiorso and his
element lawrencium.

tto

colleagues discover the
cHlr

1961 
$i 

American scientist Edward Lorenz begins to develop the mathe-
matics that will become chaos theory. rtnl

t 9 6 l The rubella (German measles) virus is identified and isolated. A live
vaccine for long-last ing immunity from it  wi l l  become avai lable
within the next decade. rlD

American physicist Murray Gell-Mann develops a classification sys-
tem for the elementary particles called hadrons (see 1962, Okun),
categorizing them in families according to properties that vary reg-
ularly in value. He calls his system the Eightfold Way. Israeli physi-
c is t  Yuval  Ne 'emen independent ly  develops a s imi lar  system
around the same time.
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1961 British physicist Jeffrey Goldstone formulates what is known as

Goldstone's theorem, which predicts the existence of a spin-zero

massless particle called a Goldstone boson in certain situations of

symmetry. tril3

Soviet military scientists set a record, still unbroken, for the largest

nuclear explosion, testing a fifty-eight-megaton weapon. lrcll

The unmanned U.S. spacecraft Mariner 2 completes the first flyby

of Venus, transmitting pictures back to earth. rrflo

Circling the earth three times aboard the Friendship 7, John Glenn

beccimes the frrst American to orbit the earth. lsllo

American author and scientist Rachel Carson publishes Silent

Spring, an alarming and revealin$ glimpse into how chemicals in

the environment damage ecosystems. llo

American chemist Linus Paulin$ and Austrian-born French bio-

chemist Emile Zuckerkandl suggest that chan$es in genetic materi-

al can be used as a kind of biological clock to date the time one

species separated from another.

CHAOS, OR WHY YOU CAN'T PRffiICT I"HE WEATHM'

Y " 
tg61, MIT meteorologist Edward N. Lorenz was forced to pause

I while running a lengthy computer calculation of weather patterns' He

L didn't want to start over from scratch, so he saved some of his inter-

mediate results and, when he came bach, had the cotnputer beginJrom that

new starting point. He then discovered that the final results were quite dif-

ferent from those he had gotten earlier by running the same calculation un'

interntpted.
Searching for the source oJ the discrepancy, Lorenz found that the com-

puter had rounded ofJ the figures slightly dffirmtly when satting them than

when using them continuously. Although this disuepanqt affected onty the

eighth decimal place in the original numbers, it was enough to cawe enor-

mous differmces in thefinal results. Lorenz hadJound that weather systems

are highly sensitive to initial conditions. Thqt are, in short, chaottc systems.

The weather in Navv Yorh on the third Sunday of next December cannot be

predicted, because it depends on the initial condttions around the globe to-

day-and those conditions cannot be knownwith complete nccuraq).

Since Lorenz's discovery, chaos theofy-the sfitdy of chaotic systems,

using nonlinear equations that involve sweral variables-has been applied

not only to weather but to turbulentflow, planetary dynamics, electrical os'

cillations, andmany other areas.
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British-born canadian chemist Neil Bartlett combines the noble gas
xenon with platinum fluoride to produce xenon fluoroplatinate in
the first known case of a noble gas bonding wirh another element
to form a compound. crtlr

Japanese physicians introduce the first f lexible fiber-optic endo-
scope, a device consisting of a tube and an optical system for see-
ing inside a hollow organ or body caviry. nrD
In Britain the first bera-adrenergic blocking agent (a drug used
mostly to treat heart disorders) is developed. nlD
In South Africa, paleontologisrs A. w. crompton and Alan J. charig
report the discovery of the oldest known ornithischian dinosaurs,
dating from the late Triassic. p uo
British physicist B. D. Josephson predicts the Josephson effecrs, a group
of electrical results that occur at low temperatures when two supercon-
ducting materials are separated by a thin layer of insuration. rrryr
German'born British physicist Heinz London deverops a technique
for inducing very low temperatures with a mixture of helium-j and
helium-4. with this and other methods, remperarures of a mill ionth
of a degree above absolute zero will eventually be obtained. rrlvl
American physicists discover two varieties of neutrinos, one associ-
ated with the muon, one with the electron. Scientists will later infer
the existence of another variety, associated with the tauon. see
1974, Perl. ,ry,
It. B. okun coins the term hadron to describe the class of particles
including protons and neutrons that are affected by the strong
force. See also 1954, Pais, baryons. rrilr
German psychiatrist Karl Leonard uses for the first rime the term
bipolar disorder to describe manic-depressive psychosis. rryql
Amer ican behav io r is t  Abraham Mas low pub l ishes  Toward  a
Psychology of Being. In this work and his t9s4 Motivation and
Personality, Maslow describes two basic types of human motiva-
tion: deficiency motivation (the need for shelter, food, and water)
and growth motivation (the striving for knowledge and self-actual-
ization). ptyctr

British anthropologisr victor Turner publishes his Forest oJ symbots,
a seminal work on African ritual and symbolism. roc
The United states launches Telstar 1, the first comrnercial communica-
tions satellite, which provides television and voice communications
between the United States and Europe. See also 1945, Clarke. rrcr
Diet-Rite Cola becomes the first low-calorie soda with a sugar
substitute to be sold nationally. This beverage is sweetened wirh
cyclamate. trcrr
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The Aluminum Corp. of America helps to develop a can with dis-

cardable pull tabs, an innovation test marketed in Vir$inia with

Iron City Beer. ttclr

The radio telescope at Arecibo, Puerto Rico, is completed, with a

dish 305 meters (1,000 feet) in diameter' rrillo

Dutch-American astronomer Maarten Schmidt discovers the tirst

quasar when he identif ies the lar$e red shift of object 3c273, a

very distant extragalactic radio source receding at great speed'

Hong-Yee Chiu will coin the term quasar to describe it the following

year. ltrlo

The Syncom 2 is the first satellite to be launched into a $eosynchro'
nous orbit, stationary above a given longitude on earth. rtno

Scientists detect hydroxyl groups (combinations of one hydrogen

and one oxygen atom) in space, providing the first evidence that

interstellar Space contains matter in forms other than individual

at6ms. lfrro

L. Gordon Cooper becomes the frrst American to spend more than

a day in space, orbiting the earth twenty-two times in the last flight

of the Project MercurY. rfiro

R id ing  aboard  the  Vos fok  6 ,  Sov ie t  cosmonaut  Va len t ina  V.

Tereshkova becomes the first woman in space. She completes
forty-eight earth orbits during a seventy-one-hour flight. rtino

Columbia Universi ty genet ic ist  Ruth Sager reports f inding the
genetic system called nonchromosomal inheritance. This system

involves genes but follows different rules from the chromosomal

system, including the fact  that  nonchromosomal genes do not

seem to mutate as chromosomal ones do, that they appear to be

transmitted to the offspring by the female only, that the two sys-

tems have different Sorting times, and that the systems produce

different numbers of possible kinds of progeny. llo

Geologists discover the phenomenon of periodic magnetic reversal

in the earth's crust, evident from the pattern of alternating magnet'

ic polarity in the ocean floor near mid-ocean rifts. The discovery
lends Support to the theory of sea-floor spreading and plate tecton-

1963

1963

(,

M a y  1 5 - 1 6 ,
1965

June  16 ,
1963

Sept .  1965

1963
a

ics (see 1960, Henry H. Hess).

1963 rAmerican mathematician PaulJ. Cohen shows that German mathe-

matician Georg Cantor's continuum hypotheSis concerning transfi-

nite numbers (see c.1895) is neither consistent nor inconsistent

with the axioms of set theory. t rlr

Valium (diazepam), marketed now by Roche Laboratory, will quick-

ly become the most widely uped tranquilizer in the world. t3Yctl
1963
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The word psychedelic is firsr used. It originally means mind mani-
festing but will soon become associated with drug intoxication and
visual hallucinations.

Researchers A. carlson and M. Lindquist are the first to propose
the dopamine hypothesis, that the neurotransmitter dopamine is
l i n k e d  t o  s c h i z o p h r e n i a .  I t  w i l l  b e c o m e  o n e  o f  r h e  m o s t
researched biochemical theories of schizophrenia since the i l lness
was identified. ,rycrl

MIT computer scientist Joseph weizenbaum writes the AI program
Eliza, to parody a Rogerian psychoanalyst's noncommittal ques-
tioning style. weizenbaum then is appalled at how attached some
of Eliza's "psych patients" become ro their mentor. In his t9T6
book computer Power and Human Reason, he denounces artificial
intell igence and questions why people become will ing ro accepr
machines as all-knowing and all-powerful. ;rvor

The father of artif icial intell igence, John Mccarthy, leaves MIT,
where he had developed Lisp, the most popular AI language in the
United states, to establish another major AI laboratory at stanford
University. 

"lvcNl
The first commercial nuclear reacror, Jersey central power,s oyster
Creek facility, is opened. ilcrl

The electronic transistorized telephone service called Touch-Tone is
marketed in Pennsylvania by AT&.T. ilql

ulhcrc ere fhtc,c gtcel Jhlngt ln rhe woilds thctc lt
rc,llgton, ]hclr:e It calcrnac,, clnd ]ltete lt golrlrllp.n

-]sNs1l FtolrJ, Ameficen pcrc}; I g69

The U.s. Ranger z spacecraft transmits more than four thousand
photographs of the moon's surface before crashing. rnro

1e63 
\b

1E63

1963

1963

1964

t964 The U.S. unmanned spacecraft Mariner 4 completes
of Mars.

the first flyby
^ttro
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German-American physicist Arno Allan Penzias and American as-

tronomer Robert Woodrow Wilson detect radio-wave background ra-

diation indicating an average temperature of the universe of 5o K.

The cosmic background radiation corroborates the Big Bang theory.

See 1949, Gamow. ^firo

Three Soviets aboard the Voskhod 1 are the first humans to ride as

a team aboard a single capsule. rtlto

Egypt ian-born Br i r ish biologist  and genet ic ist  wi l l iam Donald

Hamilton writes on the genetic evolution of social behavior, claim-

ing that the traits of social species like ants and bees can be ex-

plained as a mechanism designed to transmit genes. This concept

will later develop into the field of sociobiology. lro

U.S. microbiologists Keith Porter and Thomas F. Roth discover, em'

bedded in the cell membrane of an eglg cell, the first cell receptors. uo

Australian geneticist Pamela Abel, working with German geneticist

T. A. Trautner at the University of Cologne, reports that evidence

has been found showing the genetic code of life to be universally

the same in all l iving things. Drs. Abel and Trautner report taking
genes from one organism and makin$ them work in the environ'

ment of another, completely alien, organism. Blo

American chemist Bruce Merrifield invents a simplified technique

for synthesiz ing proteins and pept ides.  Later automated, th is

method will become useful in gene synthesis in the 1980s. cHIn

An international research program is developed to take advantage
of a period of minimal solar activity known aS "the year of the qui-

et Sun." lllltl

U.S. physician Stanley Dudrick introduces total parenteral nutrition

(TPN), an intravenous feeding system that meets the total caloric

needs of a patient unable to eat or drink normally. tlD

Brit ish anthropologist Louis Leakey and his col leagues announce

the discovery of fossi ls of Homo habil is in the Olduvai Gorge of

what is now Tanzania. The earliest known member of the genus

Homo, this first hominid species to make Stone tools is now be-

lieved to have lived as early as 2.5 million years ago' tlllo

American physicist Murray Gell-Mann further develops his Eightfold

Way of classifying hadrons (see 196l ) by reference to more funda'

mental particles he calls quarks, an allusion to James Joyce's novel

F innegans Wahe.  A few k inds of  quarks and the i r  oppos i te ly

charged counterparts, antiquarks, interact to form all the many va-

r iet ies of hadrons, a class of part icles that includes protons and

neu t rons .  Qua rks  have  f r ac t i ona l  r a the r  t han  who le  e l ec t r i c

1964

June 14 ,
1964

tf.'
V

c. 1964

charges.
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A particle with a strangeness number of -2 is discovered. Its proper-
ties correspond precisely to those that Gell-Mann had predicted for
an empty spot in his classifrcarion sysrem called the Eighrfold Way.
This discovery lends credibiliry to Gell-Mann's quark theory. nilf

American physicists Val Logsden Fitch and James watson cronin
disprove the accepted belief that cp (charge conjugation and pariry,
two properties of particles) is always conserved when they discover
that neutral kaons occasionally violate cp conservation. The cpr
theorem, still accepted, adds a third characteristic, time (T), to the
symmetry. No violation of CPT symmetry has yet been detecred,
though the characteristics of C, p, and T or any two of them may
each be violated. rrr
Physicists sheldon Lee Glashow and James D. Bjorken propose the
existence of quarks possessing a properry they call charm. The hy-
pothesis will be confirmed by samuel Ting and Burton Richter in
1974 .

Phyficist Peter Higgs predicts rhe existence of a spin-zero particle
with a nonzero mass, now called the Higgs boson. arvf
Astronomers Herbert Friedman, Edward Byram, and Talbot Chubb
discover an intense X-ray source in the constellation cygnus, which
becomes known as Cygnus *1. &e l9TO, satellite observatory. rrrro

cosmic masers are discovered. These are interstellar gas clouds
whose intense radio emission lines indicate that their molecules are
being pumped to more highly excited levels by the radiation of
nearby stars. r.rro

Astronomers at the Arecibo observatory in puerto Rico discover
the retrograde rotation of Venus and the rotation of Mercury. rrno

Soviet cosmonaut Alexei A. Leonov is the first human to "walk" in
space, leaving his spacecraft the Voskhod2 while in orbit. r.rro

The first American two-person crew In space, Virgil I. Grissom and
John W. Young, carr ies out the f i rst  in-orbi t  maneuvers of  a
manned spacecraft, the Gemini 3. r.no

Edward H. White II becomes the frrst American to walk in space
and the first human to use a personal propulsion pack during a
space walk. His thirty-six-minute EVA (extravehicular activity) takes
place outside his Gemini 4 spacecraft. r.no

Coming within one foot of each orher, the Ganini 64 and the Gemini
7 are the first manned spacecraft to rendezvous in space. r.rlo

Pheromones, artificial sex attractants, are developed for insect
control. ro

It is discovered that algae chloroplasts have their own DNA.

t965

Mar.  18,
t965

June 3-7,
r965

June 3-7,
t965

D e c . 1 5 ,
t965

1965

t965
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French biochemist Jacques-Lucien Monod wins the Nobel Prize in
physiology and medicine for his work with Frangois Jacob and
Andre-Michael Lwoff on the regulatory activities of genes. Monod is
considered the discoverer of the operon system that controls bacte'
ria gene action. rc

SCientists nOW Suspect the existence of "hotSpots," junctures at tec-
tonic plates through which heat leaks up into the ocean, and
hotspots are in fact detected in the early 1970s. rrril

Using computer power, Hugh C. Williams and his collea$ues dis-
cover the fifst complete solution to the "cattle of the sun" problem
posed by Archimedes about 300 B.c. The solution has in excess of
200,000 digits. t n l

American paleontologist Elso Sterrenberg Barghoorn discovers the
first microfossils, the fossilized remains of ancient single-celled or-
ganisms dating as far back as 3.5 billion years. tllro

Physicists Moo-Young Han and Yoichiro Nambu develop the con-
cept of color charge, a property of quarks. rrtf

Psychologists Robert Melzach and Patrick Ward develop the gate
control theory of pain, which holds that selective brain processes
increase or decrease sensitivity to pain. t Yol

Austrian-born psychoanalyst Anna Freud, the daughter of SiSmund
Freud, publishes Normality and Pathology in Childhood, a cumula-
tion of her theories on child psychotherapy and the prevention of
mental illness. tft ll

American pediatrician and psychoanalyst Donald Winnicott em-
phasizes that infancy is a critical time in human development that
is relevant to later psychopathology. ttrcf,

slct l,clr. lhcrl holl a ccnlyty, l*o rlurlosobllo htt

brcughl doalh, lnleiry ond fro )o.] lnortlsablo tcltrov

end dopflvallcn ]c :llllcllln cJ pclrplo.'ldph f,ltdot'
|rl,oflcen ccn.ur.t afuc,cl oi |9Ct

1965 , American consumer advocate Ralph Nader exposes the safety de-

W fects of American automobiles, particularly the Chevrolet Corvair,
-\ in his book Unsafe dt Any Speed. ECtl

In Apr i l ,  The United States launches SNAP-10A (Systems for
Nuclear Auxiliary Power), the frrst and only American nuclear reac-
tor to be placed in orbit. In contrast, the Soviet Union will launch
thirty-three reactors into space from 1968 to 1988, most of them
to power spy satellites. See 1978, Cosmos-954. ilcr
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On November 9, one of the biggest electrical blackouts in history
occurs when a faulty relay in a Canadian power plant leads to a
loss of electricity in New York City and much of rhe northeastern
United States and southern Canada. ilcll

The U.S. ESSA / satellite becomes the frrst wearher satellite capable
of viewing the whole earth. Irtlo
The Sovier unmanned spacecraft Luna 9 makes the first soft land-
ing on the moon. See July 20, 1969, Apolto t I, for rhe first manned
lunar landing. Irrro

The soviet unmanned spacecraft Luna 10 completes the first orbit
of  the moon. See December 2l-27,1968, Apol lo 8,  for  the f i rst
manned orbit. rfiro
The Gemini 8 docks with an unmanned target vehicle in the first
space docking. rrtlo
The unmanned spacecraft surveyor / becomes the first u.s. vehicre
to land on the moon. It transmits photographs of the lunar surface
for six weeks. rrro

Austrian scientist Konrad Lorenz publishes his controversial book
On Aggression. Lorenz, who pioneered the study of animal behavior
lethology), argues that animals-including humans-inherit many of
their behavioral patterns such as aggression and maternal bonding.
In this book he argues that the impersonal weapons of war have al-
lowed humans to develop an unnatural level of aggression. ro
Robert Ardrey publishes The Territorial Imperative, which argues
that humans, like other animals, are driven by territoriality. tto

In the United States, rhe first antiviral drug to block influenza infec-
tions, amantadine hydrochloride, is l icensed. rrD

Brit ish psychiatrist Gordon Allen German sets up the first east-
central African academic psychiatry unit, in Uganda. He will show
that mental disorders are as prevalent in developing nations as in
industrialized ones. rrycrl

British-American chemisr and psychologist Raymond Camell publishes
his Handbooh of Multivariate Erperimmtal Psychology. This research is
the practical application of rhe Catrell 16PF personaliry inventory, one
of the major personality tests used in North America. rryctl

U.S. gynecologist William Howell Masrers and American psycholo-
gist Virginia Johnson publish the first of their reporrs on rhe psy-
chology, physiology, and anatomy of human sexual acriviry, Human
Sexual Response, They will devise methods of sex therapy after in-
vestigating human sexuality via the elecrroencephalograph (EEG),
the electrocardiogram (ECG), and motion picture cameras in a labo-
ratory setting.
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A partial meltdown occurs at the Fermi nuclear reactor near Detroit,
when a metal plate comes loose and blocks the cooling water. ilclr

'  Brit ish astronomer Jocelyn Bell discovers the first pulsar, in the
u constellation Vulpecula. This object emitting intense, regular ra-

dio-wave pulses wil l turn out to be a rapidly rotating neutron
Star. ltlro

The unmanned Soviet Venera 4 spacecraft is the first to enter the
atmosphere of Venus. rtlro

TheVenera 4 parachutes a probe into the atmosphere of Venus, which

is discovered to be composed mostly of carbon dioxide. The U.S.

spacecraft the Mariner 5 flies by Venus on the following day. ^ttlo

The f irst deaths of U.S. astronauts in the l ine of duty take place

when a flash fire in the Apollo I space capsule during a test at Cape

Kennedy, Florida, kills Virgil I. Grissom, Edward H. White II, and

Roger Chaffee. rrlro

The f irst human death during a space mission occurs when the

Soviet Soyuz 1 spacecraft crashes during reentry, killing cosmonaut

Vladimir M. Komarov. rtrro

Sociobiologist Edward O. Wilson and R. H. MacArthur publish The

Theory of Island Biogeography, marking the beginning of a school of

ecology that focuses on biogeographical equilibrium, or balanced

and stable ecosystems. llo

Austrian-born British molecular biologist Max F. Perutz and his col-

league Hilary Muirhead build the first high-resolution model of the

atomic structure of oxyheryoglobin. llo

British biologist John B. Gurden is the first to successfully clone a

vertebrate, in this instance a South African clawed frog, using the

technique of nuclear transplantation. lIo

American geneticist Sewall Wright receives the National Medal of

Science for his work in genetic studies and evolution research. He

originated the mathematical theory of evolution which argues that
mathematical chance, as well as mutation and natural selection, af-
fect evolutionary change. uo

U.S. biochemists at the Roswell Park Memorial Institute in Buffalo,
New York, discover the complex structure of a protein enzyme
called ribonuclease that breaks down RNA. Since ribonuclease ex-

er ts  cont ro l  over  ce l l  growth,  the d iscovery  o f  i ts  s t ructure is

thought to help explain why cancer cells spread. tto
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Harvard biophysic ist  Walter Gi lbert ,  German-born biochemist
Benno MUller-Hil l, and molecular biologist Mark Ptashne isolate
and identify for the first t ime two of the cell substances believed
to control  the process of  making genes ei ther operat ional  or
dormant. lo

On March 18, the U.S. oil ranker Torrey Canyon is grounded off the
coast of Cornwall, England, creating an oil spill that damages l20
miles of British and French coastline. rtlnl

American cardiovascular surgeon Rend Favaloro develops the coro-
nary artery bypass operation to graft on additional blood vessels in
the heart to get around narrowed or obstructed arteries. It will come
into general use as a treatment for coronary artery disease. nlD

American biochemist Maurice Hilleman develops a live-virus vac-
cine against mumps. frD
By now (see 1945) fluoridation-the addition of fluoride to the wa-
ter supply with the aim of combating toorh decay-has been wide-
ly adopted throughour the United Stares, nlD

south African cardiovascular surgeon christiaan Barnard performs
the first human heart transplant, in Cape Town. His patient, Louis
Washkansky, lives for eighreen days before succumbing ro posrop,
erative pneumonia. f,lD

Elwyn Simons discovers the skull of the primate Aeryptopithecus,
which at 30 million years of age is the oldest known ancestor in the
line leading to humans. r lro

A m e r i c a n  p s y c h o l o g i s r  A a r o n  T .  B e c k  d e s i g n s  r h e  B e c k
Depression Inventory (BDI), a test ro measure the depth of a per-
son's depression. rryctl

Neuropsychologist  Roger Sperry,  ar  rhe Cal i fornia Inst i tute of
Technology (Caltech), reports on his research concerning the splir
brain. This type of radical surgery on patients with severe seizures
involves severing the corpus callosum, a network of fibers that con-
nects the brain's two hemispheres. As a result, each hemisphere
operates in isolation. This research will lead to further studies of
how each hemisphere specializes in processing information. rvcNl

1 968

r 968

1967 =rLr The Amana Refrigeration Co. introduces the first small microwave
oven in the United States for home use. ilcrr

The Soviet unmanned spacecraft Zond 5 becomes the first to return
to earth after orbiting the moon. Irrlo

Astronomers at Green Bank, West Virginia, discover a pi.rlsar or
neutron star in the Crab Nebula, thus corroborating the Baade-
Twicky theory (see 1934) that neutron srars form in the aftermath
of supernovae (see also 1054, supernova). rrrro
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Using the U.S. Third Orbiting Solar Observatory, astronomers dis-

cover gamma radiation emanating from the center of the Milky

Way. Itllo

Scient ists detect  water and ammonia molecules in interstel lar

clouds, thereby showing that complex compounds can form in

space. llno

The U.S. spacecraft Pioneer 9, launched today, will,achieve an orbit

around the sun and return solar-radiation data to the earth. rtrlo

During the ApoIIo 8 r-nission, U.S. astronauts Frank Borman, James
A. LovellJr., and Will iam A. Anders are the frrst humans to orbit the

moon and the first to see its dark side, the one never visible from

the earth. lltlo

The U.S. House of Representatives declares Lake Erie a "dead"

lake, due to its pollution levels. llo

In August, University of lllinois chemical geneticist Sol Spei$elman
announces at the Twelfth International Congress of Genetics that
he has developed the first method of observing evolution in a test
tube. It will allow scientists not only to observe but to manipulate
molecular events associated with evolutionary change under con-
trolled laboratory conditions. llo

The U.S. government declares Bikini Island, the former site of nu-
clear bomb tests, to be "safe" and its displaced inhabitants return.
Ten years later, however, the medical hazards of nuclear fallout are
reassessed and the inhabitants again removed. rlD

American cardiovascular Surgeons Charles Dotter and Melvin

Judkins introduce an$ioplasty, the widening or unblocking of a
blood vessel or heart valve by using a balloon catheter. ruD

American paleontolo$ist Robert Bakker proposes that dinosaurs
,were warm-blooded and highly active, not cold-blooded and slug-
gish, as had been previously believed. Bakker's ideas will $radually
gain adherents as well as detractors. t llo

U.S. physicists trap neutrinos emanating from the sun in an under'
ground tank in South Dakota, but the quantities collected are only
one-third that predicted by solar theory. tflY!
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American physicists Steven weinberg and sheldon Lee Glashow,
with Pakistani physicist Abdus salam, propose the electroweak the-
ory, which gives a unified description of the electromagnetic and
weak interactions. rur.

American behaviorist B. F. Skinner writes about his technique of
programmed instruction in The Technology of Teaching, which pre-
sents ordered information to students, each bit of which must be
understood before the student can proceed. Many teaching ma-
chines will then be designed to incorporate skinner's ideas. r.yol

The three-digit emergency telephone number 9t l is first used, in
New York. over the next two decades it will become widely insti-
tuted across the country . See also 1937 ,999 distress signal. rrcrl

The Jacuzzi whirling bath is demonsrrated in california by Jacuzzi
Bros., a farm pump manufacturer. ttctl

Astronomers Thomas Gold and Franco pacini develop their theory
that pulsars are neutron stars rotating at a rapid rate. rrrro

Japanese geologists discover meteorites on the Antarctic ice cap. rrrro

The Soviet Soyuz 4 and Soyw 5 spacecraft Are the first manned ve-
hicles to dock in space. rrlro

In a dress rehearsal for the moon landing, the Apollo /0 lunar lander
descends to within frfty thousand feet of rhe moon's surface. rnro

At 10:56 p.rvr. E.D.T. in the course of the July t 6-24 Apollo 1/ mis-
sion, Neil A. Armstrong becomes the frrst human to set foot on the
moon. Edwin E. "Bnzz" Aldrin Jr. follows him onto the surface
while Michael Collins orbits in the command module. rrrro

The Soviet spacecraft Soyw 6, 7, and 8 orbit simultaneously, in the
first triple launch of manned spacecraft. rrrro

The U.S. spacecraft Apollo 12 completes the second manned lunar
landing, as Charles Conrad Jr. and Alan L. Bean become the rhird
and fourth men on the moon. Irtlo

The. modern five-kingdom classification of living things is by now
firmly established. Organisms are grouped into the kingdoms of
Monera or Prokaryotae (bacteria), Protista or Protoctista (algae,
protozoans, slime molds), Fungi, Plantae, and Animalia. ro

Exploratory researchers at Merck Laboratories in Rahway, New
Jersey, and Rockefeller University in New York City announce inde-
pendently that they have synthesized the enzyme ribonuclease for
the first time. lo

Harvard University research scientists report isolating of a gene
from an organism. ro
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1969 American physicist Albert Ghiorso and his colleagues discover ele-
ment 104, rutherfordium. cHln

The American underwater laboratory Tektite I houses scientists
studying the physiological and psychological reactions of humans
to a hostile, isolated environment. l lrrr

The U.S. oil tanker Manhattan becomes the frrst commercial ship to
navi$ate the Northwest Passage. rrrmr

1969

1969-1970 In a two-year voyage, Norwegian explorer Thor Heyerdahl sai ls

across the Atlantic in the Ra II, a reed boat made in the ancient

Egyptian fashion to demonstrate that such a voyage was possible in

antiquity. rllf,tr

t969 American experimental psychologist John Bowlby extends his earlier
studies of childhood attachment and loss to the hospital setting. He

identifres the separation stages of protest, despair, and detachment

that occur when a child is hospitalized. His findings will lead to relat-

ed research on the human grief process in death and dying. ptycll

1969

Neil Armstrong, the first man on the moon. (NASA)
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1970s

1970s
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Chemical and biological warfare materials are banned from produc-
tion in the United States by President Richard Nixon. ilcrl

A series of Soviet Venera spacecraft-Venera 8 (1972),9 and 10
(1975), and 1 1 and 12 (1978)-study the surface and atmosphere
of the planet Venus.

U.S. astronomer John A. Eddy, following up on the work of British
astronomer Edward W. Maunder (see 1893), discovers that there
have been several periods of very low sunspot activity throughout
history,  cal led Maunder minima. One such per iod occurred in
1645-1715, another in 1400-1510; both were also periods of ex-

|ltrotreme cold.

The cloning of plants from protoplasts becomes an active area of
research. lo

Superovulation (hormone-induced excess) and embryo transfer be-
come routine in the U.S. cattle industry. These steps increase cattle
production by thousands of calves per year. llo

1970s

1 97Os

1970s

I

1970s .{fl At General Electric, biochemist Ananda Chakrabarty develops oil-
F eating bacteria. This new strain will be the subject of a I 980 U.S.

Supreme Court ruling stating that "a live, human-made microorgan-
ism is patentable subject matter." tto

American scientists at the Brookhaven National Laboratory on Long
Island build a cell that contains both plant and animal cells. ro

Between now and the 1980s, biochemical systematics advance to
reveal that a range of common animals once thought to be a single
species is in fact complexes of several different species, based on
DNA or protein differences. ro

Late in this decade, U.S. biochemisrs Sidney Altman and Thomas
R. Cech discover independently that RNA is nor jusr a passive carri-
er of genetic information but can process such information, active-
ly promote chemical reactions, and even reproduce itself. ro

1970s V American researchers succeed in teaching sign language to rwo pri-
S mates, Washoe the chimpanzee and Koko the gorilla. Scientisrs dis-

agree whether the results prove that such animals are capable of
authentic language or have merely undergone conditioning. lro

l970s American cardiologists Meyer Friedman and Ray Rosenman are the
first to identify a behavior pattern known as Type A, characterized
by impatience, a rapid pace, and trying to do too many things at
one time. It is suspected at the time that Type A behavior leads to
cardiac risk and mental stress.
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1,970s Assertiveness training in group setrings is used to enhance individ-
ual social skills and self-concept. Its basis is the belief that when
people react passively to others it can make them feel mistreated
and used. ,ryctl

l97Os-1990s Psychological self-help groups become widespread. The common
therapeutic factors of these groups are helping others, a shared ex-
perience, support networks, information sharing, gaining feedback,
and learning special methods of coping. rryql

The basic action of the neurotransmitter called GABA (gamma-
aminobutyric acid) is worked out. unlike most other transmitters,
GABA works as an inhibitor and, along with serotonin (the trans-
mitter involved in sleep and sensory perception), herps keep the
mind from running amok.

l 97Os British psychologist Lawrence weiskrantz studies blindsighr, a visu-
al phenomenon occurring in people who develop visual-field gaps
following brain injuries. Blindsight allows people to idenrify objects
in their blind areas without their being aware of it, because they
have vision they do not know they have. weiskrantz's experiments
suggest that different aspects of vision are separately processed
and vision itself is processed separately from awareness. rfvcrl

American archaeologist J. M. Adovasio claims to have discovered
human remains at Meadowcroft, pennsylvania, dating from l9;000
years ago, some 7,500 years earlier than previously known sites
(see 1952, Clovis). claims of similar antiquity will be made for oth-
er sites in the Americas but their dates will be disputed, leading in
the 1990s to an unresolved controversy about the date of the first
human migrat ion to the Americas.  some wi l l  p lace i t  at  about
12,000 years ago, others 35,000 years ago or even earlier. nql

A satellite observatory is launched to locate and study celestialX-ray
sources. Information from the satell i te provides evidence that
cygnus X-I, discovered in 1965, is the first known black hole. rrno

The soviet venera 7 spacecraft becomes the first to land on the sur-
face of Venus. rrirto

British physicist stephen william Hawking suggesrs that black holes
may evaporate over long periods as they gradually release sub-
atomic particles. rrrro

Large reflecting telescopes are compreted at Kitt peak, Arizona, and
Mauna Kea, Hawaii. A 1OO'meter (i2g-fooO radio telescope is com-

1970

pleted at Bonn, Germany.

The chinese and Japanese launch their first artificial satellites. ̂ lrro

1970

1970

1970

1970

1970
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Sri Lanka-born American biochemist Cyril Ponnamperuma discov-
ers several kinds of amino acids in a meteorite, showing that
amino acids have been formed beyond the earth. rnro

The U.S. Apollo 15 lunar mission is aborted when an oxygen tank
malfunctions. After several tense days, the astronauts return safely
to earth.

The so-called telomere hypothesis is proposed as an explanation
for certain characteristics of cellular aging. This argument states
that a small amount of DNA from telomeres (chromosomal ends) is
lost each time DNA replicates itself, and these accumulated dele'
tions eventually result in cellular senescence. rto

Molecular biologists at the University of California-Berkeley report
fusing together two separate genes inside bacteria to form a sin$le
enzyme-producing gene that performs the functions of both genes.
They claim this is an important clue as to how evolution occurred
at the most basic level of molecular activity. llo

The human growth hormone is synthesized. olrn

American physicist Albert Ghiorso and his colleagues discover ele-
ment 105, hahnium. cttm

The first Earth Day is celebrated. In the 1970s an international
"green movement"'develops, expressin$ concern about environ-
mental damage. lllllr

Cyclones originating in the Bay of Bengal hit the low-lying islands
and coasts of Bangladesh, killing an estimated 200,000 to 500,000
people. rrrfll

French anthropologist Louis Dumont publishes Homo Hierarchicus,
an influential study of the caste system in India. loc

The Concorde supersonic jet airplane reaches speeds of two times
the speed of sound. trcll

U.S. scientist Ted Hoff, working for Intel, invents the microproces-
sor, a silicon chip containing the central processor of a computer.
The versatile chip will lead to the proliferation of small, inexpensive
computers for home and business use. Intel microprocessors will

be marketed commercially for the frrst time in 1971. rrcrl

' n t o *

t970

t970

1970

Apr.  21 ,
1970

Nov.  I3 ,
1970

1970

s. 1979)t Researchers develop techniques to use frne glass fibers to conduct
T- light, which can be modulated to carry pulses of information. This

technology, called fiber optics, will revolutionize communication in
coming decades, replacing copper wires with cheaper, less bulky
glass flbers. lrql

I

t97O V Brirish-born U.S. physicist Albert Victor Crewe invents the scanning

ry electron microscope. lrerl

1970

t970
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Italian astronomer Paolo Maffei discovers Maffei one and Maffei
Two, member galaxies of the Local Group. ^!ino

orbiting Mars, the U.S. unmanned Mariner 9 spacecraft becomes
the frrst such vehicle to orbit another planet. r$ro

Amer ican phys ic is t  I rw in  I ra  Shapi ro  d iscovers  what  are now
known as superl iminal sources-components of quasars that ap-
pear to be moving away from each other faster than the speed of
lighr. ^rtro

British physicist stephen Hawking proposes the existence of mini
black holes formed when the universe was created. He suggests that
these might be detected by a final explosive evaporation that would
take place only now, after l5 billion years of slow evaporation. rrrro

Apollo 14, launched today and returning to earth on February 9,
completes the third successful manned lunar landing, the first after
the near-disaster of Apollo 15. rrrro

The Soviet union launches the salyut 1, the first earth-orbiting
space station. cosmonauts occupy the station for twenty-three days
(June 7-29) but are kil led during reenrry into the earth's armo-
sphere. rrtrro

Soviet cosmonauts aboard the soyuz 9 set a new space endurance
record of more than seventeen and a half days. rrro

Apollo 15, launched today and returning to earth on August 7, com-
pletes the fourth successful manned lunar landing. Its Lunar Rover be-
comes the first wheeled vehicle to ride on the moon's surface. lrrro

Sociobiologist Edward o. wilson publishes his fundamental work
on insect societies. ro

British ethologist Jane Goodall publishes In the shadow of Man, an
account of her years observing the chimpanzees of Gombe Stream
National Park, Tanzania. aro

The use of the insecticide DDT (dichloro-diphenyltrichloroethane) is
banned in the United States for all but essential uses because of its
being linked with severe bird and animal birth anomalies. lro

Thousands of gallons of dioxin waste from an herbicide factory spill on
the roads of Times Beach, Missouri, causing a major toxic chemical dis-
aster. By 1983 the town's entire population will be evacuated. rAlflr

June 2-19,
1 9 7  |

July 26,
197 |

1 9 7 1  c

197 1

1 9 7 1

197 1
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1972
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1972
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v
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British paleontologist Harry Whittington begins a major reexamina-

tion of Charles Walcott's interpretation of the Cambrian fossils of
the  Burgess  Sha le  (see 1909) .  Over  the  nex t  two decades,
Whit t ington and col lea$ues Simon Conway Morr is and Derek
Briggs will propose that the Bur$ess Shale fauna include many phy-
la (basic body plans) that are now extinct, in contradiction to
Walcott's view that these fauna were early examples of present-day
phyla. See also 1989, Gould.

B. F. Skinner publishes Beyond Freedom and Dignity, repeating his
belief that behavioral free will is an illusion. In it he argues that
when humans are behaving freely they are free only from ne$ative
reinforcement: their behavior is sti l l  dependent on positive rein-
forcement from their past and is always shaped by the expected
consequences. DIYCII

The National Railroad Passenger Corp., also known as Amtrak, is
appointed by Congress to assume all U.S. passenger train business
to stem the decline of private passenger rail service as railroads
face increased competition from planes, buses, and cars. rrql

Chicago's Union Stockyards close, ending the city's century-old role
in meat production. lrcx

Apollo.16 completes the frfth manned lunar landing. rtlro

U.S. spaceqaft ApoIIo 17 completes the sixth and last manned lu-

nar landing. rtlro

The Marine Protection, Research, and Sanctuaries Act, or more fa-

mi l ia r ly  the Ocean Dumping Act ,  $ ives the U.S.  Env i ronmenta l

Protect ion Agency and the Nat iona l  Oceanic  and Atmospher ic

Administration important control over waste dumping. It is an ear-

ly effort to protect delicate oceanic ecosystems. tlo

The first of a series of U.S. Landsat satellites is launched to study

the earth, including its mineral and agricultural resources. r rlll

An earthquake in Managua, Nicaragua, destroys much of the center

of the capital,  ki l l ing at least f ive thousand people. The Somoza

government  fa i ls  to  d is t r ibute  in ternat iona l ly  prov ided re l ie f

supplies. rrrflr

The lumpectomy procedure is introduced for the treatment of

breast cancer. Instead of removing the entire breast, this operation

removes only the cancerous tissue and leaves the remaining part of

the breast intact. nlD
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#
?r+ rjiJi,

B. F. Skinner in his lab. (8. F. skinner Foundation, Harvard university)

Amer ican pa leonto log isrs  Ni les  E ldredge and Stephen Jay Gould
publ ish the i r  theory  o l  puncruared equi l ib r ium,  which ho lds that
evolut ion proceeds through relat ively short bursts of rapid change
followed by long periods of stasis. p lro

American physicist Murray Gell-Mann establ ishes quantum chromo-
dynamics (QCD), a theory describing how quarks combine to form
hadrons in terms of a characterist ic cal led color charge. pxys

In  October ,  us ing laser  beams,  Amer ican phys ic is t  Kennerh M.
Evenson and his col leagues obtain a new level of precision in mea-
suring the speed of l ight: 186,282.i959 miles per second. Hry,

/

t 9 7 2
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The first computerized axial tomography (CAT) scanner $oes into
operation to study the brain. This combined use of a computer and
X rays provides physicians with clearer, more detailed information
about tissue than X rays alone can. The CAT scanner's inventors
are Brit ish engineer Godfrey Hounsfield and American physicist
Allan Cormack. ttYclr

In his doctoral work at MIT, artincial intelligence researcher Terry
Winograd develops one of the best-known computer language pro-
grams, which he calls SHRDLU. With it he tries to simplify words
and make them less likely to be misinterpreted. PsYCll

Astronauts aboard the U.S. space station Shylab set a new space
endurance record of 84 days. rttlo

The unmanned U.S. spacecraft Mariner 10 becomes the first to visit
the two planets Venus and Mercury, transmitting the first television
pictures of Venus and completing the first flyby of Mercury. rttro

The Soviet unmanned spacecraft Mars 2 and 5 are the first to enter
the atmosphere of Mars. The capsules land but stop transmitting
shortly after that. See 1976, Viking 1 and 2. rrro

American physicist Edward P. Tryon proposes his theory that the
universe originated as a random quantum fluctuation in a vacuum,
given the prediction of quantum mechanics that particles can ap-
pear and disappear in a vacuum. rtrro

The U.S. launches Skylab, its first orbiting space station. rttro

After passing through the asteroid belt, the U.S. unmanned space'
craft Pioneer 10 (launched March 3, 1972) becomes the first probe
to fly past Jupiter. In 1986, it will also become the first man-made
craft to leave the solar system. rrrro

For the frrst time, a calf is created from a frozen embryo. llo

Genetic engineering begins when American biochemists Stanley
Cohen and Herbert Boyer show that if DNA is broken into frag'
ments and combined with new genes, these genes can be inserted
into bacterial cells, where they will reproduce whenever the cells
divide in two' llo

Many industrialized countries receive a rude awakening about ener'
gy dependence when an oil embargo from now to March 1974 by
the Organization of Petroleum Exporting Countries (OPEC) touches

May 14 ,
1973

Dec. 3,
tercv

1973 ,

r973

Oct .  1973

off energy shortages.
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1 9 7 5 Pakistani physicist Abdus Salam suggesrs that a Grand Unified
Theory (GUT) attempting to combine the strong, weak, and electro-
magnetic interactions would imply that protons are slightly unsra-
ble and will occasionally decay to positrons and neutrons. The first
GUT is presented in 1974 (see Glasbow and Georgi). ffit

Physic ists predict  the existence of  sol i rons,  which are stable,
particle-like, solitary wave states. xry.

Physicist Paul Musset and his colleagues discover neutral currents
in neutrino reactions, a discoverv that tends to confrrm the elec-
troweak theory. rtryt

Physicist David Politzer theorizes that quarks exhibit asymptotic
freedom in that the forces between them become weaker as the
distance between them grows shorter, then vanishes entirely when
the distance reaches zero. any.

Scott ish scient ists at  Aberdeen Universi ty isolate endorphins,
which, with a structure and action similar to morphine, act as the
brain's own opiate. Endorphins will come to be considered natural
painkillers. rlvctl

The first examples of neurotransmitters are isolated. The discovery
of these molecular substances, which serve as information proces-
sors in the brain, will provide neuroscientists with the material to
describe and evaluate fundamental aspects of cognition. rtyctl

Anthropologist Clifford Geertz publishes his The Interpretation oJ
Culture, which outlines an influential approach to the srudy of cul-
tural symbols. roc

American physicists build a continuous-wave laser that can be
tuned or modulated. rrctl

The Universal Product Code (UPC) sysrem is promoted by U.S. su,
permarket owners and food producers to speed the process of
checking by electronically scanning the price of products. frctl

The U.S. unmanned spacecraft Pioneer / I transmits the first close-
up color photographs of Jupiter, then travels on to Saturn (see
1979). rrlro

U.S. astronomer Charles Kowal discovers Leda, the thirteenth known
satellite of Jupiter. ln 1975, he finds a fourteenrh satellite. rrrro

The skeleton structure of a cell, its cytoskeleton, is revealed for the
first time by using monoclonal antibodies and fluorescence. lro

Scientists in the United States and the Soviet Union discover ele-
ment 106. cHln

t973

1973

1 9 7 5

r973

t
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1974 American scientists F. Sherwood Rowland and Mario Molina show
that  ch lo ro f luorocarbons ,  o r  CFCs,  such as  Freon (see 1930,
Midgley) released from spray cans and refrigeration units can erode

, the ozone layer in the upper atmosphere, permitting more ultravio-
. let (UV) radiation to reach the earth's surface. Such an increase in

UV rays could raise the incidence of skin cancer and eye cataracts
and also disrupt ecosystems by destroying ocean plankton and soil
bacteria. Concerned about protecting the ozone layer, the United
States bans the use of CFCs in spray cans.

1974

t 9 7 4

1 9 7 4

t 9 7 4

1 9 7 4

Belgian mathematician Pierre Deligne proves the last of French
mathematician Andre Weil's conjectures concerning algebraic topol-
ogy (see 1946). Weil's conjecture is a generalized version of the
Riemann hypothesis (see 1857), which remains unconfirmed. r nl

In East Africa, American paleontologist Donald Johanson discovers
I the partial skeleton of Lucy, an Australopithecine dating back more

than 3 million years. Lucy would have been three and a half feet
t a l l  a n d  w a l k e d  e r e c t .  H e r  k i n d  i s  g i v e n  t h e  s p e c i e s  n a m e
Australopithecus afarensis. This skeleton is the most complete ever
found for a hominid of this period.

U.S. physicists Samuel Ting and Burton Richter independently dis-
cover a new subatomic unit called the J-Psi particle that provides
evidence for the existence of "charmed" quarks. See 1964, Glashow
and Bjorken. DHy3

Amer ican phys ic is t  Mar t in  L .  Per l  d iscovers  the tau par t ic le  or
tauon, a type of lepton. rHYf

Working independently, American physicists Burton Richter and
Samuel Chao Chung produce particles that are shown to contain
c-quarks (charmed quarks) ,  counterpar ts  o f  s -quarks (s t range
quarks), a discovery that lends support to quark theory. rfryt

Physicists Sheldon Lee Glashow and Howard Georgi set forth the
first grand unif ied theory (GUT), unifying the strong, weak, and
electromagnetic forces. PrY3

A silicon photovoltaic cell for harnessing solar power is developed
by engineer Joseph Lindmayer, the head of Solarex, Inc. ncx

A text-editing computer with a cathode-ray tube video screen and
its own printer is put on the American market by Vydek. nol

Farmers in Shensi Province, China, discover the tomb of Chinese
emperor Ch' in Shih Huang Ti (d. 21 0 n.c.),  which proves notable for
7,5OO life-sized terra-cotta human statues placed there as guards
for the deceased emperor.

tntn*
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1975 Astronomer Alan E. E. Rogers rediscovers the concept of very long
baseline interferometry for improving the resolution of radio tele.
scopes, an idea or ig inal ly proposed, but not implemented, by
Roger Jennison in 1955. ^nno

July 17, The frrst docking in space benveen U.S. and Soviet spacecraft occurs,
lg7 5 as the Soyw / 9 performs a rendezvous with an Apollo spacecraft. rtlno

r975 U.S. $ene researchers David Baltimore, Howard Temin, and Renato
Dulbecco win a Nobel Prize for their work on interactions between
tumor viruses and the genetic material of cells.

B.Y.O.C., OR BUILD YOUR OWN COMPUTM

he first personal computer on the market had no keyboard, no

monitor, and no sofnvare. It was sirnply a set of parts that the

user assembled and programmed by fliching the little switches on

its Jront panel. However inauspicious, the Altair computer, frst marketed

in 1975, mqrked the beginning of the personal computer industry.

The Altair ias developedby Ed Roberts, owner oJ MITS, a stntggling cal-

culator cornpany in Atbuquerque. New Mexico. He knsvv that in 1971 slcien-

tists a.t Intel, a young company in northern Califurnia's Silicon Vallqt, had

introduced something called a microprocessor, a silicon chip that contained

the central processor oJ a computer. Because of its small size and versatility,

it could potentiqlly lead to a new generation of small, inexpensive comput'

ers, but the leading conlputer manufacturers Eaw no marketJor such things.

In the midst of a calculator price war, Roberts was desperate Jor a n&v

product, so he built a small computer based on Intel's 8080 microproces-

sor. Called the Altair and sold at the ridiculously low price of five hundred

dollars, the computer first appeared on the coyer o/ Popular Electronics

magazine in January 1975. Within weeks, Roberts's company could barely

keep up with demand. Altair enthusiasts Jormed clubs to discuss the prod-

uct, write programs, and design add-on devices. As one member of Silicon

Valley's Homebrew Club said, "You read about technological revolutions,

the Industrial Revolution, and here was one oJ those sort of things happen-

ing and I was a part of it."
That member wo.s Stephen Wozniak, who, with Steve Jobs, invented a

computer inspired by the Altair. In 1977 the second version oJ that ma-
chine, the Apple II, became the first computer on the market to be accessi-
ble not just to hobbyists but to the general public. From then on, computers
increasingly became a visible part of everyday IiJe.
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Argentinean'born Brirish genericist c6sar Milstein announces rhe
use of genetic cloning to create monoclonal antibodies (MABs). This
cloning process allows antibodies to be custom-made to neutralize
one specific antigen.

u.s. mathematician Benoit Mandelbrot coins the rerm fractals to
describe irregular mathematical patterns and srrucrures generated
by a process that involves successive subdivision. ilrrl

Mitchell J. Feigenbaum discovers Feigenbaum's number (approxi,
mately 4.6692), the ratio that the consecutive differences of iterat-
ed functions tend to approach.

The Betamax, a home video recorder, is introduced
by the Sony Corp. ofJapan.

Ilnl

to the market
tlctf

1976

*

1976

t 9 7 6

t 9 7 6

r976

1976

1975 
-b The first personal compurer, the Altair, is put on the market by

nl American inventor Ed Roberts. rrql
1975 

[- Americans William Henry Gates III and Paul Gardner Allen found
X Microsoft, which will become the world's most successful manufac-

1976

turer of computer software. rrctl

The 6-meter (236-inch) reflecting telescope on Mounr semirodriki
in the u.s.s.R. becomes the world's largesr but remains inopera-
tive, due to technical problems. rmo

The u.s. unmanned spacecraft vihing / and 2 are the first to com-
plete successful landings on Mars (see 197j, Mars 2 and 5), trans-
mitting back pictures of the planet's surface. The viking I lands on
July.20, viking 2 on sept.3. Both craft conrinue ro operate for sev-
eral years, going silent by 19g2. rfno

U.S. astronomers discover rings around the planet Uranus. ^rrlo

Astronomers discover a covering of frozen methane on pluto. rrnro

Astronomer Tom Kibble predicts the existence of cosmic strings-
very thin, massive objects millions of light-years in length formed
by ripples in the universe following rhe Big Bang. rhise srrings
would account for the observed large-scale structure of the uni-
verse, including cosmic voids (regions of apparently empty space)
and galactic superclusters. rrrlo

The assertion that four colors are needed to color any map is veri-
fied computarionally r il

Cimetidine (Tagamet) becomes available for the rreatmenr of peptic
ulcers. It is rhe first of many drugs made to block the action of hist-
amine and inhibit gastric secretions. By 1990 ir wil l be the mosr
prescribed drug in the United States. rlD
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U.S. health authorities investigate a severe form of pneumonia after
an outbreak of the disease kills twenty-nine American Legion con-
vention attendees in Philadelphia. This so-called Legionnaires' dis-
ease is found to be caused by the Legionella pneumophilia bactetia,
which thrives in a variety of moist conditions. ntD

American scientist Baruch Blumberg is awarded the Nobel Prize in
medicine for his discovery of the hepatitis B virus. f,lD

Chinese gynecologists develop the technique of chorionic vil lus
sampling to aid in the early diagnosis of congenital birth defects.
This test, involving a tissue sample from the placenta, provides re-
sults earlier than an amniocentesis. nlD

American psychologist Herbert Benson publishes The Relaxation
Response, concerning the physiological effect at work during thera-
peutic techniques used to control panic and general anxiety symp-

1976  
,

Austr ian psychologist Bruno Bettelheim publishes The Uses of
Enchantment, in which he argues that the "evil" in fairy tales is valu-

able to children in that it can help them recognize and assimilate
"good" and "bad" parts of their own psychological makeup. Dtyclr

1976

t 9 7 6

1 9 7 6

1976

Fax machi nes. (Okidata)
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American economist Milton Friedman wins the Nobel prize. As a
leader of the monetarist school, a branch of neoclassical economics
that opposes Keynesian government intervention, he supports laissez-
faire policies and argues rhat monetary policy (control of the money
supply) is the most important factor in stabilizing the economy. loc

Americans Stephen Wozniak and Steven Jobs design a prototype
for a computer that will be the first product of Apple Computer. rror

Air France and British Airways begin the first regularly scheduled
commercial flights of supersonic transports (SSTs). Air France flies
f rom Par is  to  Rio  de Janei ro ,  Br i t ish  A i rways f rom London to
Bahrain. rrcrl

American physicist Alan Guth postulates an inflationary universe,
one that underwent exponential expansion after the Big Bang. lrrro

Beginning on December 10, Soviet cosmonauts set a new space
endurance record of ninety'six days aboard the space stat ion
Salyut 6.

Scientists aboard the submersible Alvin discover deep ocean vents
near the Galapagos Islands, where hot, mineral-laden water spews
into the sea. The vents sustain an ecology of sulfur-eating bacteria
and other life forms, including large clams and tube worms. lrril

1976

{-

n

1 9 7 6

The first Apple I computer.(Appte Computer, Inc.)

1976 _ L Facsimile or fax machines, which transmit type or images via rele-

B 
phone lines, gain in populariry for office use. rrql

Jan. 21,
t976

1 9 7 7

1 9 7 7

1977 ,

k
Y
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Amendments to the Clean Water Act give the U.S. Environmental
Protection Agency more authority to regulate waste discharges into
rivers, lakes, and coastal waters as awareness about pollution con-
tinues to grow. rrril

Physicist Leon Max Lederman discovers the upsilon particle, which
supports the quark theory of baryons. tllYl

At a Yale University conference on behavioral medicine a new
branch of medicine formally comes into existence. As an extension
of psychomatic medicine, behavioral medicine investigates the psy-
chosocial factors in illness and health. A well-known type of behav-
ioral medicine is biofeedback.

r977
_/1_
^.l

Aug. 23,
1 9 7 7

1978

r978

r978

1978

May 20,

The Apple II computer is marketed by American inventors Stephen
Wozniak and Steve Jobs, the first personal computer to be accessi-
ble not just to hobbyists but to the public at large. See also 1975,
the Altair, and 1976, Apple. rrol

The frrst successful man-powered aircraft, the Gossamer Condor, in-
vented by American Paul MacCready, is flown three miles by Bryan
Allen. flcll

The Soviet satellite Cosmos-954, containin$ a nuclear reactor, falls
to earth, showering Canada with radioactive debris. ^tillo

Vladimir Remek of Czechoslovakia, aboard the Soviet Soyuz 28, be'
comes the first person in space who is not from the United States
or the Soviet Union. rnro

U.S. astronomer James Christy discovers Charon, Pluto 's only
satellite. r'lro

The first known satellite of an asteroid is discovered orbiting the as'
teroid Herculina. Itllo

The U.S. robot spacecraft Pioneer 12 is launched on a one-year mis-
sion to study Venus. Over the next fourteen years, it will send more
than 100 gigabits of data, including radar pictures of most of the
planet's surface, back to earth. See October 8, 1992. ltilro

The Pioneer 13 U.S. robotic spacecraft, launched in August, now
carries four probes into the atmosphere of Venus while its compan-
ion, Pioneer 12, relays data back to earth. rrtrro

American molecular geneticists Daniel Nathans and Hamilton C.
Smith along with Swiss geneticist Werner Arber win the Nobel
Prize for their discovery of restriction enzymes and the enzymes'
application to problems in molecular genetics. llo

The genome of the virus SV40 is determined, the first step in work-
ing out the human genome, which is a complete single set of chro-

1978

1 9 7 7

r977

Feb .4 -6 ,
1 9 7 7

Dec. 9,
1e78&l

1978

mosomes with its associated genes.

t978
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In England, the world's first successful human pregnancy by in vit-
ro (test tube) fertilization comes to term as Louise Brown is deliv-
ered by doctors Patrick Steptoe and Robert Edwards on July 25. tre

The united States launches the satellite sensat 1to study the earth's
oceans. rrrfl|

Bri t ish scientists introduce the Laparoscope, a type of endoscope
used to examine the fallopian tubes, appendix, gallbladder, and liv-
er for disease and obstruction. nlD

In Montana, U.S. paleontologists John R. Horner and Bob Makela
discover the first known nest of baby dinosaurs, indicating that di-
nosaur babies were cared for by adults. The new species is called
the Maiasaura ("Good mother lizard"). See also 1979, Horner. patro

using deuterium as fuel, the Princeton Large Torus nuclear fusion
reactor attains a temperature of 60 million degrees F, for one-twen-
tieth of a second. In so doing it reaches nearer to the temperature
of the sun (100 mil l iono F) than any orher reacror, though i t  is st i l l
not a practical source of energy. rrcH

Aboard the Salyut 6, Soviet cosmonauts begin a new space en-
durance record of 175 days. lrrlo

The U.S. unmanned spacecraft Voyager I and Voyager 2, launched
in 1977, reach the planet Jupiter, rransmitt ing back to earrh spec-
tacular images and abundant information. Among the discoveries
are a ring around the planet, two new moons, and details of the
surfaces of Io, Ganymede, Europa, and Call isto, the four moons
f i rs t  observed by Gal i leo in  1610.  Both spacecraf t  w i l l  go on ro
Saturn and Uranus, in 1980-1981 and 1986. Then Voyager 2 wil l
go on to Neptune in 1989. Irtlo

The U.S. unmanned spacecraft Pioneer .l.l becomes the first probe
to reach Saturn, where i t  discovers several new moons and the
planet 's magnetic held. amo

British physician Dick Rees, using the nine-banded armadillo as a
source of the vaccine organism, discovers the first leprosy vaccine. mro

From excess traces of iridium in late Cretaceous rocks, American
scientist Luis Walter Alvarez theorizes that a large comet or aster-
oid struck the earth 65 million years ago, raising clouds of dust that
reduced the amount of solar radiation penetrating the atmosphere
and triggering the mass exrincrions of that period. Among the vic-
t ims of this hypothetical meteorite were the dinosaurs. See also

1978

*

1978

1978

1978

1978

t979

197

,nrn*

1979

t979

1991, Sigardsson.

354



ts|s v

1979

T H t

1979

t979

Mar. 28,
1979

1 980s

l 980s

r t m t f l N l  E o o K  o F  t c t l l r c S 1 0 7 9

From now into the 1980s, American paleontologist John Horner,
digging in Montana, wil l discover evidence of maiasaur (see 1978,
Horner) colonial nesting grounds and herding behavior. This herd
is believed to have comprised ten thousand dinosaurs. Horner
w i l l  a lso  d iscover  egg c lu tches  la id  by  hyps i lophodont id  d i -
nosaurs. His findings wil l provide new insi$ht into the social be-
havior of dinosaurs. truo

Scientists discover evidence of gluons, the exchange particles that
bind quarks together. trlYs

The Wor ld  Hea l th  Organ iza t ion  pub l ishes  i t s  In te rna t iona l
Classi"fication oJ Diseases (ICD-9-CM), which covers mental diseases
and will prove compatible with the U.S. classification system DSM-
lll. See 1952, American Psychiatric Association. trYql

The American Psychological Association gives its Distinguished
Scientific Award to South Africa-born psychiatrist Joseph Wolpe,
for his work in the systematic desensitization of military patients
traumatized by combat. t Ycrr

A partial meltdown occurs in Unit 2 of the Three Mile Island nu-
clear reactor near Harrisbur$, Pennsylvania, as a result of design
flaws, operator mistakes, and mechanical failure. Some radioactive
material is released and nearly 150,000 people are evacuated from
the surrounding area. llcll

Unmanned flights to Venus in this decade include the Soviet space-
craft Venera 15 and 16 (1983). In 1986 the American spacecraft
Vega 1 and 2 drop probes on Venus while en route to Halley's
Comet. See March 1986. ^!llo

U.S. animal researchers begin using computer monitoring in ani-
mal studies to evaluate physiological and behavioral reactions to
different experiences. llo

Late this decade, researchers at the Cetus Corp. of California devel-
op the polymerase chain reaction (PRC), a genetic engineering
technique that uses the enzyme DNA polymerase to make thou-
sands of copies of small samples of genetic material. uo

The problem of acid rain begins to gain international attention.
Acid rain, atmospheric water contaminated with industrial pollu-
tants, causes long-term devastation to the environment. lllrrr

In terms of global averages, the 1980s go on record as the warmest
decade since recording began in the nineteenth century. trrrrr

I  980s

4
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New discoveries are made about four-dimensional spaces, by such
mathematicians as Mike Freedman, simon Donaldson, and clifford
Taubes. Freedman finds a way of classifying some of these spaces,
Donaldson shows that some are not smooth, and Taubes demon-
strates that the infinity of nonsmooth four.dimensional spaces is
uncountable. r rrl

Some employers provide access to mental health programs for
the i r  employees  on  a  low-cos t  o r  even no-cos t  bas is .  These
Employee Assistance Programs (EAps) provide confidenrial coun-
seling on a short-term basis. After sufficient time has elapsed, it will
be shown that EAPs reduce absenteeism and resignations, thus
providing a more stable work force. ,.yctl
u.s. neurophysiologist Michael M. Merzenich and American psy-
chophysiologist Jon Kaas develop the idea that a "hard-wired" brain
circuit-one with fixed neural connections-does not adequately
explain phantom pain, the perception of pain from a missing l imb.
Experiments on a monkey with an amputated finger indicate that a
remapping of the cortex takes place in such situarions. see also

tn to .F

1 980

1 980

1 980

1 980

I 980

1 991 ,  Por is.

The Very Large Array (VLA)
Mexico, opens for business. Its
single seventeen-mile dish.

tfYCtl

rad io  te lescope in  Socorro ,  New
resolution is equivalent to that of a

Ittlo

The quasar 3c273 is observed emitring gamma rays. scientists
then discover a nebulous region around it, suggesting that it may
be in the center of a galaxy. rrrro

Uwe Fink and others discover a thin atmosphere on pluto. rrrro
Aboard the salyut 6, soviet cosmonauts begin a new space en-
durance record of 184 days. rrro
The U.S. spacecraft Voyager / f l ies by Saturn. Wirh Voyager 2,
which arrives there on August 27, lgB1, this probe sends back co-
pious information to the earth, discovering two new saturnian
moons in addition to the twelve known ones. rrtro
Lymphocyte adhesion molecules are identified, leading to a burst
of information on adhesion molecules' structure, expression, and
function. This knowledge will prove vital ro understanding intercel,
lular interactions as they affect the human immune system and dis-
ease processes like AIDS.

American molecular biologist Frederick sanger wins the Nobel
Prize in chemistry for his recent discovery of inrrons, made possi-
ble by new merhods of determining the exacr sequence of DNA
and RNA nucleotides and molecules. llo

The U.S. Magsat satellite maps the earth's magnetic field. relilr 980
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1 980
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The volcano Mount St. Helens in Washington State erupts,

dozens of people.

American mathematicians Robert Griess Jr. and his colleagues fin-

ish a comprehensive classification of finite simple groups, the build-

ing blocks of modern algebra. n rl

Mathematicians Leonard Adleman and Robert Rumely develop a

new test for prime numbers. tattr

Apheresis, a new technique of giving blood, is introduced. I t  al lows

only a single component like plasma, platelets, or white cells to be

taken from circulation, reducing the chances of hepatitis transmis-

sion and rejection reactions.

Physicians in Europe and the United States start removing bone

mafrow in patients getting large doses of radiation during therapy.

This marrow is frozen and saved for later reimplantation.

American and Soviet scientists suggest that neutrinos, previously

bel ieved to be massless,  do have mass, possibly ' / ' : ,ooo that of

eleCtrOnS. trIY3

At Stanford University, the undulator, a device to increase the pow-

er of synchrotron radiation, is invented. tHYl

Klaus von Klitzing discovers the quantum Hall effect, an observable

example of quantum behavior. This effect involves discrete, not

continuous, changes in resistance in a plate in a magnetic field at

very low temperatures. FlrYs

British research psychiatrist T.J. Crow publishes his hypothesis that

schizophrenia is a "two syndrome" disease process, and names

rwo schizophrenia subtypes as Type I and Type II. The ftrst condi-

tion has a sudden onset and responds well to antipsychotic medica-

t ion;  the second develops s lowly  and responds poor ly  to  such

drugs. DtYClr

Scientists develop the scanning tunneling microscope, which can

produce images of individual atoms on the surface of a material. not

American businessman Ted Turner establ ishes the Cable News

Network (CNN). Over the next few years, cable television stations

of all kinds will proliferate. ltcll

Rollerblades, bootlike skates that each have a row of four wheels,

are patented by Canadian hockey player Scott Olsen. trcx

The first IBM personal computer, employing the Microsoft operat-

ing system MS-DOS, is marketed, with great success. llcll

In the f irst long-distance solar-powered f l ight, American Janice
Brown flies six miles in the aircraft Solar Challenger. trcr
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Stephen Boughn discovers variations of 0.i percent in directions
90o apart in the cosmic background radiation. rrrro

Joseph P. cassinell i discovers Rl36a, the most massive star yet
known, 2,500 times more massive than the sun. Irrro

will iam B. Hubbard theorizes that there is a partial ring around
Neptune. see confirmation: 1984, European southern observa-
tory. rlrro

Hyron spinrad and John stauffer discover the most distant galaxies
yet known, about 10 billion light-years away. rrro

John stocke discovers narrow-line quasars, which have spectra con-
sisting of narrow emission lines. rrilro
T

A.  D.  L inde and,  independent ly ,  Andreas  A lb recht  and pau l
Steinhardt develop the theory of the new inflationary universe,
building on the ideas of Alan Guth. See 1977. Irrro

The u.s. space shuttle columbia, rhe first spacecraft designed for
regular reuse, is launched on its first voyage around the earth, with
Robert L. crippen and John w. young as crew. This shuttle is also
known as the Space Transportation System (STS). rrtro

The U.s. spacecraft voyager 2 flies by Saturn. see 19g0, voyagu 1. emo

Geneticists in china are the first to successfully clone a fish, the
golden carp. ro

The entire sequence of nucleotides in the DNA of a mitochondrion,
the cell 's energy producer, is determined. ro

Soviet scientists discover element 107. crln

scientists develop a technique for producing "glassy," extraordinarily
light and strong metal alloys from rapidly cooled molten menl. crnrr

The first experimental work in ocean Acoustic Tomography (cr
scanning) is conducted by Robert c. spindel and peter F. worcester
studying such below-the-surface features of oceans as temperatures
and currents.

British scientists introduce the nuclear magnetic resonator, a diag-
nostic tool used extensively to study the brain and spinal cord, heart,
major blood vessels, joints, eyes, and ears. This technique makes use
of magnetic resonance imaging (MRI) to provide images of the
body's organs and structures without surgery or radiation. nlD

A vaccine againsr serum hepatitis is approved in the united states.
It will be in heavy demand well into the next decade. nrD

I 9 8 r

358



SUPER YISION

he world's most powerful microscope is the scanning tunneling

microscope (STM) invented at the IBM Ztirich laboratory in

Switzerland in 1981, With a magnifcation Jactor oJ 100 million,

it can resolve to one-hundredth the diameter of a single a.tom. This device

works by holding a fine conducting probe to the surJace of a samptre. The
probe's tip tapers down to a single atom. As electrons tunnel between the

sample and the probe, the probe's movement yields a contour map oJ the

surface.
In 1990, IBM scientists in Cali"fornia used an STM to reposition individ'

ual xenon atoms on a nichel surface. In the process they succeeded in pro'

ducing the world's smallest grffiti-the initials IBM spelled out in atoms.

T I I E  T T N E f I I I E  B O O K  O F  S C T E l I C E t 9a r

June 1981 The Centers for Disease Control in Atlanta, Georgia, report unusual

cases of pneumocystis pneumonia among homosexual men. The

cases wil l  lead to the diagnosis of the new and deadly ai lment

called AIDS for Acquired Immune Deficiency Syndrome. See August

1992. nrD

Archaeo log i s t s  i n  no r the rn  Spa in  d i scove r  t he  rema ins  o f  a

Neanderthal rel igious sanctuary. I ts l imestone altar and remnants

of burnt offerings indicate that Neanderthals practiced rel igious

rituals. D^tto

In the Awash River Valley of Ethiopia hominid fossil bones are dis-

covered dating from 4 million ybars ago. t tro

Amer ican psycholog is t  E leanor  Rosch expands her  Theory  o f

Prototypes and Basic Level Categories, challenging Aristotle's classi-

cal theory of categorization and establ ishing categorization as a

1 9 8

1  9 8 1

1  9 8 1

subfield of cognitive psychology.

U.S. economist  James Tobin wins
concerning the impact of f inancial
vestment.

I  9 8 1

1 9 8 1

1982

P'YCII

a Nobel  Pr ize for  h is  s tud ies
markets on spending and in-

loc

Adam Heller, Barry Miller, and Ferdinand Thiel develop a l iquid
junction cell that converts up to 1 1.5 percent of solar energy to
electric power. rrcr

The Mary Rose, the flagship of King Henry VIII, is raised from the
bottom of England's Portsmouth Harbor, where French warships
sank it on July 19, 1545. Artifacts found inside include musical in-
struments, board games, boots, and jerkins. llctr
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1982

1982
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1982
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Aug.

7
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The unmanned U.S.S.R. spacecraft Venera
first successful soft landings on Venus.

13 and 14 complete the

The Soviet space station Salyut 7 is launched, in which
set a new space endurance record of 2l l  days.

On the frfth flight of the U.S. space shuttle Columbia, its frrsr opera-
tional mission, the crew successfully deploys a satellite. rmo

Genetically identical twin calves Chris and Becky
embryo was split by Colorado State University
Williams when ir was about a week old, then the
implanted in the uteri of separate cows.

West German scientists discover element 109.

rfiro

cosmonauts
lttlo

are born. Their
researcher Tim
two halves were

tto

?
Ronald Bracewell introduces a quicker version of the Hartley tech-
nique to replace the Fourier transform. It becomes known as the
Hartley-Bracewell algorithm or the Hartley transform.

British physician Michael Epsrein identifies a herpeslike virus found
in a type of lymphoma and associated with infectious mononucleo-
sis, the Epstein-Barr virus. nrD

The U.S. pharmaceutical company Eli Lilly markets the first generi-
cally engineered human insulin. ntD

A fatal immune system disorder transmitted sexually or through
contaminated blood is termed AIDS (Acquired Immune Defrciency
Syndrome). At the time of discovery, the highesr-risk groups are
homosexual men and intravenous drug users, but it will spread to
other groups. Eroding the body's abi l i ty  to f ight  d isease, AIDS
manifests itself through such ailments as pneumonia and a form of
cancer known as Kaposi's sarcoma. Over the next few years it will
become a worldwide epidemic.

THE HEAVIEST ELEMENT

he element with the highest atomic number and heaviest atomic
mass is provisionally known as unnilennium (Une). Produced by
West German scientists on August 29, 1982, its atomic number is

109 (i.e., it has 109 protons in lfs nucleus) andits atomic mass 266.
Unnilennium is not, however, the most recent element to be discovered.

Element 108, provisionally called unniloctium (Uno), was identifi.ed in West
Germany in 1984lrom obserttations of three atoms. Soviet scientists made a
Iess well substantiated claim to have discovered this element later that year.
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The first artificial heart is implanted, in the chest of a sixty-two-
year-old Utah man suffering from heart disease. The operation is a
success and the patient's discharge is planned, but ninety-two
days after the surgery the patient develops a flulike illness and
soon dies. tlD

Physicist Blas Cabrera reports the discovery of a magnetic mono-
pole, a particle with a single magnetic pole, as predicted by the
Grand Unified Theory. However, this discovery is not confirmed by
further experiments. tlrYl

Roger Schank of Yale University publishes Dynamic Memory: A
Theory of Reminding and Learning in Computers and People, in which
he describes his attempts to develop and write an AI program capa'
ble of understanding what it reads and of drawing upon its memo-
ry to come to conclusions and answers as humans do. ttYcll

Scientists develop a chemical method of dating objects based on
changes observable in obsidian. llcll

The satellite known as IRAS is launched on a ten-month mission to
search for the infrared radiation that would indicate planet forma-
tion around stars beyond the sun. IRAS does discover such evi-
dence, around the star Beta Pictoris, fifty-six li$ht-years from the
earth. Astronomers now believe that a disk of gas and dust sur-
rounds this star. See also 1 991 , Hubble, and 1985, Houck. Itllo

Sally Ride becomes the first American woman in space, during the
second flight of the second space shuttle Challenger. On this mis-
sion a satellite is deployed and retrieved. ^tro

On its third mission, the space shuttle Challenger carries the first
African-American in space, Guion Bluford Jr. rrtro

U.S. geneticist Barbara McClintock is awarded the Nobel Prize for
her discovery of mobile genes in the chromosomes of plants. llo

Snz*

t982

1983

r983

June  18 ,
1983

Aug. 30,
1983

1983

1983

1983

1 983

.  The world 's f i rst  ar t i f ic ia l ly  made chromosome is created at
Harvard University. rto

I The process of group transfer polymerization (GTP) is introduced. qnn
,

American scientist Carl Sagan and others theorize that a nuclear

g war could trigger a nuclear winter, in which fusion explosions raise
clouds of dust that reduce sunlight enough to cause mass starvation
and extinctions. This theory is inspired by Luis Alvarez's hypothesis
(see 1979) that a meteorite collision indirectly exterminated the di-
nosaurs.
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1983

1983

1983

1984

1984

1984

1984

Feb.3-7 ,
1984

Feb. 8,
1984
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American physician John E. Buster reporrs on an anificial insemina-
tion procedure in which a female donor receives the sperm of the
prospective father, the sperm fertilizes the donor's ovum, and then
the egg is genrly washed out of the donor's urerus and implanted in
the uterus of the infertile patient. Buster claims a 40 percent suc-
cess rate for this technique. ruD
In Kenya, paleontologisrs frnd a jawbone of sivapithecus, a primate
16 to 18 mill ion years old. ,erro
Italian physicist carlo Rubbia and Dutch physicist simon van der
Meer discover three exchange particles with the mass predicted by
the electroweak theory: the two W bosons, one positive (W.) and
one negative (W-), and the neutral Zboson (20). lrry3
The center for the Study of Language and Information is'esrab-
lished at Stanford University, combining resources from such lan-
guage-related fields as psychology, philosophy, l inguistics, and
computer science. ,jyctr
French neurologist A. Roch-Lecours discovers that humans are born
with two language areas in the brain. The right hemisphere has a
certain potential that is lost in adult life as the left begins to domi-
nate early in life, probably within the first year. ;tycrl
cellular telephones, made by Motorola, are first test,marketed in
chicago. These phones use computers and multiple transmitters to
receive and transfer calls. rrqr
Aspartame-based Nutrasweet is used for the first time to sweeten
beverages. In the next decade it will be used in a variety of foods,
including salad dressings and desserts. ilcrl
Archaeologists discover Al t i t -yam, an underwater s i te of f  the
coast of Israel that preserves the remains of an g,000-year-old
settlement. llctl

Lindow man is discovered in a peat bog in Germany. This 2,200,
year-old preserved body is believed to be that of a Druid victim of
human sacrifice. llctl

scientists at the European southern observatory, near Santiago,
Chile, confirm the existence of a partial ring around Neptune, as
suggested by William Hubbard in 1981. ^rrro

J. c. Bhattacharyya in India discovers two more rings of saturn. rrrro

on the fourth challenger mission, two astronauts use jet-propeiled
backpacks in the first untetheied space walks. rrtlo

Soviet  cosmonauts Leonid Kiz im, Vladimir  Solovyov, and Oleg
Atkov begin setting a new space endurance record, spending 257
days (until October 2, 1985) aboard the Salyut 7. rrro

562



T I I I  T I N E f T I I I  B O O K  O F  S C T E N C E |  9 t / l

Apr. 7,
1984 +

Aug. 30,
1984

1984

Astronauts on the fifth Challenger mission, launched today, deploy
the Long Duration Exposure Facility, an orbiting platform desi$ned
for long-range Space experiments. On the same mission a disabled
satellite is captured, repaired, and redeployed for the first time. rttro

The Discovery, the third space shuttle, makes its first voyage. rtllo

Large-scale biological  research begins in pr ivate industry wi th

the establishment of the Monsanto Life Sciences Research Center
in Missouri built to create new drugs, crop plants, and microbial
pesticides. l lo

American scientist Allan Wilson at the University of California-
Berkeley clones a pair of gene fragments from a preserved pelt of
an animal that has been extinct for hundreds of years, the South
African quagga, related to the zebra. tlo

1984

t

1984 a

1984

Sheep are successfully cloned.

U.S. geneticists analyzing DNA find that chimpanzees are more
closely related to humans than either are to gorillas or other apes;
the genetic difference is 1 percent. From this evidence it is de-
duced that humans and chimpanzees diverged from a common an-
cestor some 5 to 6 million years ago. llo

osc,clcfry lnarceslngly her ncglealed lhe tubcftvalutc cJ

blorlolgy, lc lls oun p.Jrl.D-Edwetd O. Wllcon, Amcrlaen

cnlomcrle,Alfi cind scclcblologlril; | 984

1984-1985 Severe droughts lead to famine in Ethiopia-Eritrea. The famine is

accompanied by epidemic disease and complicated by the refusal

of warring factions to allow free passage of aid shipments. More

than one mil l ion people die. lro

West German scientists discover element 108. clfln

An electrically conductive polymer called MEEP is introduced, which

will be applied to the manufacture of lightweight batteries. cllln

In Bhopal, India, a leak of lethal methyl isocyanate gas from a

Union Carbide plant creates a toxic cloud over the city, ki l l ing more

than 3,500 people and injuring at least 200,000 more. laltll

In April, French scientist Luc Montagnier of the Pasteur Institute in

Paris and Robert Gallo, a physician with the U.S. National Cancer'
Inst i tute, announce their discovery of a virus bel ieved to cause

AIDS. They cal l  i t  HTLV-l l l  or HIV, for human immunodeficiency
virus. A dispute wil l  ar ise over who init ial ly discovered the virus,

with the French scientist being off icial ly credited in 1987. trD

1984

1984

Dec. 3,
1984
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Near Lake Turkana, Kenya, Brirish paleontologisr Richard Leakey
discovers the nearly complete skeleton of Turkana boy, who lived
some 1.6 mill ion years ago. He is seen as one of the earliest con-
firmed specimens of Homo erectus, though some classify him as
Homo ergaster, a closely related species. r^rro

A fossilized jawbone found by Andrew Hill in Kenya is believed to
come from a 5-mi l l ion-year-old specimen of  Australopi thecus
a.farensis, the earliest known hominid. rerro

U.S. scientist D. schechtman and others discover the first quasi-
crystal, a crystal-like substance that violates the rules for crystal
patterns. '|ffr

The hrst one-megabit random access memory (RAM) chip is devel-
oped in the United srates by Bell Laboratories. Ir srores four times
as much data as any chip produced to date. rrctl

The luxury ocean liner Titanic is located on the ocean bottom in the
North At lant ic.  Using a remote-control led camera, French and
American oceanographers study this ship that sank in 19 t2 after
hitting an iceberg. ^lcrl

Construction begins on the Keck telescope, the world's largest, on
Mauna Kea in Hawaii. ^rrro

James R. Houck discovers eighr infrared galaxies, located by the
IRAS satellite. See 1983. errro

Mark Morris discovers string-shaped radio sources, possibly low-
energy cosmic strings (see 1976, Kibble) at the center of the Milky
Way. rrno

Observing an eclipse of Pluto by its satell i te Charon, Edward F.
Tedesco determines that Pluto's diameter is less than nineteen
hundred miles. rttlo

Neil Turok theorizes that cosmic strings are responsible for the for-
mation of the groups of galaxies called Abell clusters. rrrro

The Atlantis, the fourth space shuttle, makes its first flight. rrrlo

The U.S. Department of Agriculture announces the success of the
first bioinsecticide. ro

Indian-born American botanist Subhash Minocha succeeds in pro-
ducing clones of a Venus flytrap. lo

American zoologist Dian Fossey is murdered, probably by enemies
made dur ing her years of  protect ing the mountain gor i l las of
Rwanda's Virunga Mountains from poachers. Her years observing
the goril las, beginning in 1967, were described in Goril las in the
Mist (1983\.
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Nova, the world's most powerful laser, in 1985. (Lawrence Liyermore National
Labor atory, Univer sity oJ CaliJornia)
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American chemist Richard Smalley and British chemist Harry Kroto
discover buckminsterfullerene, a third form of pure carbon (in addi-
t ion to graphi te and diamond) composed of  hol low, geodesic,
spherical molecules of sixty atoms each. chemists foresee a wide
range of applicarions in industry and medicine for these "bucky-
balls" and for related forms of pure carbon, collectively known as
fullerenes. The molecules are named in honor of American archi-
tect R. Buckminster Fuller, inventor of the geodesic dome. qrr

U.S. researchers report the discovery of lanxides, substances with
characteristics of both metal and ceramics. ctrlr

The British Antarctic Expedition detects a "hole" that forms annual.
ly in the ozone layer above Antarctica. The opening represents a
substantial reduction below the naturally occurring concentration
of ozone. lllrrl

Positron Emission Tomography (PET) scans are developed to reveal

--1-r the metabolic activity levels of the brain and heart. These scans
U/ show the rate at which abnormal and healthy tissues consume glu-

cose and other biochemicals. ruD

Aug. 1985 The National Institutes of Health suggests that other viruses, in ad-
dition to HTLV-lll (HIV), may cause A[DS. See April t984. rrD

Dec. 1985 Researchers at the University of California-San Francisco announce
that passage of the AIDS virus is blocked by using condoms. nrD

In an underground test, a nuclear X-ray laser produces X rays l
million times brighter than previously obtained. rryl

Psychiatrist Leopold Bellak proposes that many supposed cases of
schizophrenia are misdiagnoses, claiming that as many as 10 per-
cent of the schizophrenia cases diagnosed are really examples of
what is now called attention-deficit disorder (ADD). rrycrl

ELEPHANT TALK

n 1985, while studying a herd of elephants, cornell Ltniversity animal
researcher Ratherine Payne detected a spasmodic throbbing in the air
that seemed to correspond with movements of the elephants'foreheads.

Further sntdy with ultrasonic recording equipment showed that the sound
and the movements were not coincidmtal Elephants infact communicate by
using low-frequenry sounds. fhq can locate each other with this technique
even when initially separated by great distances, and male elephants use it to
findready-to-matefemales that are miles out oJ smelling range.
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1 985 Marvin Minsky, one of the founders of artificial intelligence, publishes

The Society of Mind, a book exploring human intelligence. In it, he ar-

gues that intelligence arises from the interaction of a network of sim-

pler processes or agencies that are not in themselves intelligent. PtYClr

Archaeologists in Mexico discover a stone stele from about e.o. l,

inscribed with writing in an undecipherable language. ^lcll

Harold L. Dibble develops a computerized surveying system, based

on an electronic theodolite (a surveyin$ device for measuring hori-

zontal and vertical angles), for use in archaeolo$ical digs. ncr

At  Te l l  Le i lan,  in  nor thern Mesopotamia,  archaeolog is t  Harvey

Weiss discovers the largest cache of cuneiform tablets since the

1930s. These I ,100 tablets are inscribed in the exinct Semit ic lan-

guage Akkadian and date from the eighteenth century B.c. ^lcll

1986 Asrronomers discover that the Milky Way and its neighboring galaxies

, in the local supercluster are moving toward a hypothetical Great
' 

Attractor, a point in the direction of the Southern Cross. See 1990. ̂trro

1 986 The U.S. spacecraft Voyager 2 fl ies by Uranus, sending pictures
and information back to earth. Ten new moons of Uranus are
discovered. rnro

1 986
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The ozone layer at different times. (NASA)
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The U.S. unmanned spacecraft Pioneer 10, launched fourteen years
ago in 1972, becomes the first human-made object to leave the re-
gion of the solar system where the planers orbit. Along the way ir be-
came the first craft to fly pastJupirer, in 1973. See also 1993. rrtlo

In the worst  space f l ight  d isaster in history,  the space shurt le
Challenger explodes sevenry-rhree seconds after takeoff, killing its
crew of seven, including teacher Christa McAuliffe.

The Soviet Union launches the Mir space station, in which cosmo-
nauts will set new records for continuous habitation in space. ̂ rrro

Several spacecraft make close approaches to Halley's comet, includ-
ing the Japanese Suiser on March 8 and Sahigahe (March l0) probes
and the European Space Agency Giotto probe (March 13). ^!rro

The U.S. Department of Agriculture grants rhe first license to mar-

, ket a living organism produced by genetic engineering. Ir is a virus
to vaccinate against a herpes disease in swine, registered to the
Biologics Corp. of Omaha. lo

Brook lyn-born  U.S.  phys ic is t  Ar thur  Ashk in  d iscovers  a  new
method for observing and manipulating biological particles by ap-
plying radiation pressure with a laser. lo

while researching cancer growth patterns, u.S. scientists discover
the first gene known to inhibit cell growth. to

On August 21, in Cameroon, a cloud of toxic gas rises from Lake
Nios, which has a volcanic crater. The cloud kil ls approximately
1,700 people and injures more than 500 more. lllnl

,-' Mathematicians Ramachandran Balasubramanian and colleagues

ffiprou" a conjecture by Edward Waring dating from l TTO, that every
'/;'.\atural number is the sum of, at most, nineteen fourth powers. renl

N

Using the radiation pressure of a laser, Arthur Ashkin and associ-
o ates trap individual living organismfand individual aroms, permit-

ting new methods of observation and handling. rtrc

Paleontologists Tim White and Donald Johanson discover fossil re-
mains, including the first known limb bones, of OH62, a female
Homo habilis dating back I .8 million years. rllro

A complete frog, dating back 35 to 40 million years, is found fos,
silized in amber in the Dominican Republic. rltro

U.S. linguist Joseph H. Greenberg uses the technique of mass com-
parison of Native American languages to classify them into three
groups representing successive waves of migration from northeastI

i Asia.
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1986 Swiss physic ist  Kar l  Alexander Mul ler  and German physic ist

Johannes Georg Bednorz discover superconductivity in certain ce-

\.-/ ramics at temperatures of 30" K, which is very cold, but warmer
Jfr than any results obtained so far. This discovery leads to further ex-

I 98 6 hjlfp.rtments yielding superconductivity at still higher temperatures,
a ' 'making 

practical applications possible. tfivt

1986 Working independently, U.S. and German researchers observe indi-
vidual quantum jumps in single atoms for the first time. illvl

Ephraim Fishbach claims to have discovered a fifth fundamental
force referred to as the hyperchar$e, detectable in certain subatom-
ic interactions. ,rfYt

American biophysicist Michael Phelps and pediatric neurolo$ist
Harry Chugani use positron emission tomography (PET scans) to
discover that the primary brain metabolic activity in infants five
weeks or younger occurs in areas of the brain that control the prim-
itive sensory and motor activities. The results suggest that new'
borns have a limited capacity for high-order functioning, including
thought, a capacity that increases slowly as they grow. trtrcll

Nintendo video games are introduced in the United States by the

Japanese game-manufacturing company of the same name, found-
ed in 1898. By the start of the next decade, U.S. sales of the games
will top 55 billion. rrcrl

In the worst nuclear accident in history, the Chernobyl 4 reactor in
the Soviet republic of Ukraine undergoes a meltdown. Thirty-one
frremen and plant workers are killed and radioactive fallout covers
a wide region. trctl

Americans Dick Rutan and Jeana Yeager complete the first nonstop
around-the-world flight without refueling. Their airplane, Voyager, de-
parts from and returns to Edwards Air Force Base in California. ilcrr

Further remains of Clovis people named for the New Mexico town
near where they were first found are identif ied in Washington
State. These prehistoric ancestors of Native Americans lived about
1 1,500 years ago. alctl

R. Brent Tully reports the discovery of the Pisces-Cetus Supercluster
complex, the largest known structure in the universe. rfiro

Benjamin Zuckerman and Eric E. Becklin report the discovery of
a brown dwarf star in orbit around the white dwarf star Giclas
29-38. ^trro

Canadian astronomer Ian Shelter discovers a supernova in the
Large Mage l lan ic  C loud,  a  ga laxy  near  the  Mi lky  Way.  Th is
Supernova 1987A is the closest supernova since the one observed
by Kepler in 1604.
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soviet cosmonaut Yuri V. Romanenko sets a new record for a sin-
gle endurance flight aboard the space sration MI,r, after 526.5 days
beginning February 8 and ending December 29. rrrro

The U.s. supreme courr strikes down a Louisiana law requiring the
teaching of "creation science" in public schools whenever evolution
is taught. This ruling follows a string of lawsuits pitring evolution
against creationism in public schools. ro

Plant pathologisrs steve Lindow of the unired Srates and Nickolas
Panopoulos of Greece develop a mutant of a common parasite,
Pseudomonas syringae. This genetically altered bacterium is de-
signed to retard frosr formation on plants, giving them the ability to
withstand some subzero temperatures. on this day, when the mu-
tant bacteria is applied gn a field, it is the first time scienrists are al-
lowed to release man-made microbes into the environment. ro

Chemists H. Naarmann and N. Theophilou develop a polyacery-
lene- iodine compound that serves as an ef f ic ient  conductor of
electricity. crln

In Montreal, an international agreement is signed restricting the re-
lease of ozone-destroying halocarbons into the atmosphere. rlrflr

The periodic late fall appearance of the Antarctic ozone hole (see
1985) is larger in magnitude and duration than in previous years.
The layer of ozone over Antarctica is less than 50 percent of its

r rill1979 value

Tretinoin (Retin-A), a prescription product used ro treat acne for
more than a decade, is shown to improve the skin's quality and di-
minish wrinkles. However, the side effects of its use such as skin ir-
r i tat ion wil l  deter some from using this "youth potion." r lD

Mexican surgeon Ignacio Navarro develops a surgical procedure to
treat severe cases of Parkinson's disease. The procedure involves
implanting the patient 's adrenal t issue into the brain, causing the
brain to produce dopamine, the'substance deficient in parkinson's

disease. rlD

The anti-AIDS drug AZT (azidothymidine, or zidovudine) receives
FDA approval. ntD

Near the Milk River, in Alberra, Canada, Kevin Aulenback discovers
dinosaur eggs containing fossi l ized unhatched dinosaurs, in only
the second such find. r tto

Scientists at IBM produce a standing wave called a dark pulse soliton,
which propagates through an optical fiber without spreading. rrryt

Physicists Michael K. Moe and others determine that selenium-82 has
the longest half-life ever recorded for a radioactive substance. nilt
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Researchers in Mexico, Europe, and the United States perform the
f i rst  fetal  brain t issue transplant into pat ients suf fer ing f rom
Parkinson's disease. t YCx

The U.S. drug company El i  L i l ly  introduces the ant idepressant
Prozac (fluoxetine), which initially appears to have few side effects
and will bedome the most widely prescribed anridepressant in the
country. Later, however, it will become the center of a controversy
over charges that taking it leads to suicide, murder, and self-mutila-
tion. Despite these charges, the FDA will not require warning labels
on it and Prozac will continue to be prescribed worldwide. ?tYcll

The Shroud of Turin, a l inen cloth marked with an image of a1 988

Sept.29,
l  988

1 988

1 988

1 988

7 bearded man and believed by many to be the burial shroud of

/ Jesus, is dated with carbon-|4 at about 1300, some thirteen hun-

/'' dred years too late to have covered Jesus. The evidence now shows
' 

that the cloth was woven soon before it was first displayed in
France in the 1350s. llcll

1988 On Rome's Palatine Hill a wall dating from the seventh century B.c.
is discovered, which supports the legendary date of 735 B.c. for the
founding of Rome. ^lcll

1988 Archaeo log is rs  Tom Di l lehay  and Michae l  Co l l ins  c la im tha t
charcoal dating of a site at Monte Verde, Chile, indicates that the

.' ancestors of Native Americans arrived in the New World at least
33,OOO years ago, nearly three times earlier than the accepted date
of 12,000 years. llcll

1988 Simon J. Lilly identifies a galaxy that is 12 billion lighr-years away,
O indicating that it formed 12 bil l ion years ago, early in the uni'

verse's history. lfiro

July 1988 The U.S.S.R. launches Phobos I and 2, unmanned spacecraft de-
signed to study rhe Martian moon Phobos, but loses contact with
both spacecraft before their missions can be completed. Ittlo

The space shuttle Discovery is launched in the first U.S. manned space
mission since the Challenger disaster of January 28,1986. rttlo

The development of a method to identify a person from the DNA in
a single hair is announced. lo

American biochemist Sidney Fox makes proteinlike substances
' called proteinoids that self-organize in water to form cell-like units

known as microspheres that closely resemble ancient protocells. rto

Scottish researchers report that some cancers involve the loss of a
specific piece of genetic material, bolstering the theory that cancer
development is caused by activation of cancer-causing $enes and
the loss of cancer-controlling genes in the body. ro
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It  is  est imated that some l0 mi l l ion chemical  compounds are
known to science, with the number growing by approximately
400,000 every year.

/Government scientisr James E. Hansen testif ies before the u.S.

/ senate that he is "99 percent sure that accumulation of greenhouse
j gases is responsible for global warming trends." His remarks con-

tribute to a growing public sense of urgency on rhis issue. rrrrr
scientists will determine that 1988 was the warmest year on record
for average temperatures worldwide as thousands of heat-related
deaths occur internationally. Links to the greenhouse effect are sus,
pected but cannot be confirmed.

A Joint Symposium on ozone Depletion, Greenhouse Gases, and
Climate Change is held at the U.S. National Academv of Sciences. r rill

athematician Silvio Micali and collea.gues report the development
of a method for generating purely random numbers, based on the
problem of factoring large numbers that are the products of two
large primes. r rrr
In Israel, fossils of early humans are found that bear many charac-

J teristics of modern nomo sapiens sapiens. Dating back 90,000 to
100,000 years, they are more than twice as old as the previously
known specimens of modern humans. ,ltro
S c i e n t i s t s  a t  t h e  U n i v e r s i t y  o f  A r k a n s a s  d i s c o v e r  a  w a r m -
tempera ture  superconductor  based on  tha l l ium tha t  a t ta ins
superconductivity at a record high temperature of l25o R. Later
this year, scientists develop a motor that emptoys these warm-
temperature superconductors. p117f

American psychologist David sack and .oil."gu., at the Narional
Institutes of Mental Health find that partial sleep deprivation can re-
verse some of the effects of severe depression. rrvor
canadian psychiarrist colin Ross conducrs a major study which dis-
covers thar out of 236 persons diagnosed as having multiple per-
sonality disorder, 4l percent had previously been diagnosed as
schizophrenics. This result represents a trend toward more careful
examination of persons presenting symptoms of probable mental
illness and it also illustrares growth in the recognirion of multiple
personality disorder. r.yqr
Universiry of California-lrvine psychiatrist Richard Haier reports that
high intelligence may be the result of an efficiently organized brain.
His experiments with PET scans of people taking a series of visual
tests show that those who performed best used less energy in the
cortical areas of the brain, where abstract reasoning takes place, than
those who performed poorly. Haier claims that his experiments show
that the high scorers used their brains more efficiently. rrvol

372



r 988

1 989

r 989

r 989

1 989

rH r  t t n t l r l t t  t oo f  o r  t c t t i l c l |  9 t t

The positron transmission microscope is invented. ilqr
American archaeologists excavate the Babylonian city of Mashkan-
shapir. Built about 1840 s.c., it is one of the oldest known cities. ncl
Astronomers report evidence that a pulsar-an extremely dense,
rapidly spinning star-has formed in rhe debris left over from
Supernova 1987A.

1 989

May 4,
I 989

Aug. 1989

Astronomers theorize that the Andromeda and M32 galaxies have
black holes at their centers. rrtro
A whirlpool of rotaring gas expelled from rhe core of the Mirky
Way, possibly caused by a blaqk hole at the galaxy's cenrer, is dis-
covered. Artlo

while mapping rhe locarion of galaxies, asrrophysicists discover the
largest structure yet known in the universe, a sheet of galaxies that
comes to be called the Great Wall. rrtlo

Studies of the saturnian moon Titan indicate that it is not covered
by a global ocean, so that in all the solar system the earth remains
the only known body wirh liquid on its surface. lrilro
The U.s. unmanned spacecraft Magellan is launched from the shut-
tle Discovery in the first instance of a space probe being launched
from a shuttle. See also August 10, 1990. ^rrlo
The U.S. spacecraft Voyager 2 becomes rhe first probe to fly past
Neptune. It discovers three new moons, detects volcanic activity on
the Neptunian moon Triton, and confirms the existence of partial
rings around the planet. rmo
The united states launches the Galileo spacecraft, scheduled to
reach Jupiter by 1995 ro srudy the planet's atmosphere and satel-
lite system . See also February 1990. rrrro
col. Vladimir Titov and Musa Manarov set a team endurance flight
record aboard the soviet space station Mir after 366 days begin-
ning December 21, 1988. rrrlo
In his book wonderful Life, Harvard biologist stephen Jay Gould
argues that the "explosion" of life forms (570 million years ago)
produced many more basic body plans than exist  today. This
controversial theory, based on recent reinterpretations of canada's
Burgess shale fossils (see 1971, whirtington), suggests that only a
fraction of the phyla then living survived the mass extinction at the
end of the Cambrian period. llo
The Texas srate Board of Education formally votes, for the first time,
to require the teaching of evolution in all biology textbooks. ro

Oct.  18,
r 989

D e c . 2 l ,
1 989

1989

1 989

1989 
_A U.s .  genet ic is ts  s teven Rosenberg ,  R.  Michae l  B laese,  and
X w. French Anderson discover human gene transfer. ro
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he earliest flower thus lar discovered is a flowering angiosperm
called the Koonwana plant, thought to be 120 mitlion years old.
The fossil oJ the fTower was discovered in 1989 not Jar.from

Melbourne, Australia, by Drs. Leo Hichey and David Taylor oJ Yale

University. With its two leaves and one bloom the Koonwarra is similar in

appearance to the blachpepper plant.
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The frrst robot honeybee able to use the waggle dance to commu-
nicate with other bees is developed by a team of engineers and

::".T':::illl,.'", that dogs have some coror vision ;
In May, for the first time, U.S. geneticists at the National Instiutes
of Health inject genetically engineered nonhuman cells into a hu-
man patient. These cells will be used to mark and trace other cells
in an experimental therapy for skin cancer. ro

Under millions of atmospheres of pressure, hydrogen is converted
into a menl-like phase that may be superconducting. cllrr

Scientists from the United States and lndia find evidence that tec-
tonic plates clashed some 2.5 bil l ion years ago in what is now
India's Kolar schist belt, indicating that tectonic processes were un-
der way early in earth's history. lerill

Us ing  a  computer  mode l ,  Wi l l iam F.  Ruddman and John E.
Ketzbach demonstrate that  a tectonic upl i f t ing of  the Tibetan
plateau and the Rocky Mountains caused global cooling and weath-
er patterns that may have set off the recent ice ages. lrrilr

U.S. scientists complete an ocean-mapping project which reveals
that the mid-Atlantic Ridge is comprised of a string of sixteen
spreading centers. rlllll

The oldest known rock is discovered, dated at 3.96 billion years,
soon after the earth's formation 4.6 billion years ago. rrrrrl

More than eighty nations, including the United States and the twelve
nations of the European Community, agree to plans to phase out
ozonedestroying chlorofluorocarbons (CFCs) by the year 2000. ultll

On March 24, the ExronValdez oil tanker is the source of a massive
oil spill of about 250,000 barrels in Prince William Sound off the
Alaskan coast. The spill causes a series of related ecological disas-
ters, including 550,000 to 2.4 million seabirds killed by the spilled
oil, according to an estimate in a 1991 study. llllll
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1989 /using a new algorithm to compute pi, mathemaricians extend rhe
/ calculation of pi to I billion digirs. nrrl

1e8e0 Researchers Francis collins of the united States and La-chee Tsui
of canada discover the gene that causes cystic fibrosis, the most
common deadly genetic disease in North America. nrD

U.S. scientists David Goeddel, Will iam Korh, Diane pennica, and
Gordon Behar are named inventors of the year for their invention of
t-PA, a drug used to dissolve blood clots in heart attack patients. rlD

Research determines that azidothymidine (AZT) can curb the pro-
gression of AIDS in HlV,infected patients who present no symp-
toms of the disease. However, studies also show that some patients
develop viruses resistant to AZT. See 1987 . rlD

Researchers announce that they have pinpointed a set of genes
that seem to make some families more susceptible than others to
the debilitating nerve disease multiple sclerosis (MS). rlD

In Culpeper, Virginia, quarry workers uncover the largest set of di-
nosaur tracks in North America: about one thousand well,preserved
footprints dating from 210 million years ago. rrlro

Based on  ev idence f rom foss i l  sku l l s ,  sc ien t is ts  a rgue tha t
Neanderthals and anatomically modern humans evolved near each
other, possibly interbreeding, in the Near East as long ago as
145,00Q years. rruo

Evidence is discovered that anatomically modern humans inhabit-
ed southwestern Europe forty thousand years ago, earlier than pre-
viously believed. r tro

Researchers at the university of Utah claim to have discovered cold
fusion of atomic nuclei, with a resulting release of energy, at room
temperature. The experiment is never successfully reproduced and
the claim is generally discredited. rrvl

Japanese physicists report the first experimenral confirmation thar
the sun generates neutrinos. rryt

Funding for the construction of the superconducting Super collider
is approved by the U.s. congress, which will vote to terminate the
unhnished project in 1993. Hryt

u.s. researchers James w. Tetrud and J. william Lanlstrom report
that they have developed Depreriyl, the first drug shown to delay
symptoms of neurological disease. It prevents brain cell death and
slows the progress of Parkinson's disease. rrrcrl
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The University of Minnesota Press releases a new version of the
world's most widely used psychological profile test, the MMPI (see
1940s). Criticized for an alleged sexist bias, the test was reviewed
and redeveloped to be gender neutral. It also includes more recent
psychological disorders such as drug abuse, eating disorders, and
Type A personality. ulql

University of Texas researchers present the first evidence that stut-
tering and spasmodic dysphonia (difficulty in speaking) are caused
not by emotional disturbance but by biochemical abnormalities in
the brain. trYctl

The United Nations estimates that the population of the lesser-
developed and developing countries will rise by almost 3 billion by
the year 2020. ro

Microscopic study of horses' teeth removed from a site in Ukraine
shows that horses were ridden about six thousand years ago, con-
siderably earlier than according to previous estimates. ^lcrl

Scientists confirm the existence of a concentration of mass called
the Great Attractor, which changes the rate at which the Milky Way
and nearby galaxies spread apart as the universe expands. See also
1986, Milky Way. lftlo

By launching a satellite into lunar orbit, Japan becomes the third
country in history, after the United States and the U.S.S.R., to send
a spacecraft to the moon. Ittlo

The U.S. unmanned spacecraft Gali leo,launched October 18, 1989,
flies by Venus, gaining a gravity assist on its way to Jupiter. See also
October 29, 1991.

The Hubble Space Telescope, the first telescope intended for per-
manent earth orbit, is launched aboard the space shuttle Discovery.
A jo int  project  of  the Uni ted States and the European Space
Agency, this telescope proves to have obscured vision resulting
from technical flaws that another shuttle crew will attempt to repair
in December 1993. rnro

The U.S. unmanned spacecraft Magellan, launched May 4, 1989,
reaches Venus. In the next two years it will use radar to penetrate
the thick Venusian cloud cover and transmit back detailed maps of
most of the planet's surface. rfiro

The United States launches the unmanned spacecraft Ulysses to
study the poles of the sun and the interstellar space above and be-
low those poles. The craft is scheduled to approach the sun first in
1994, then again in 1995. See also February 8, 1992. rttro

Tigers conceived through in vitro fertilization are born, in Omaha,
Nebraska' llo
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Researchers expand the genetic alphabet of four nucleotides by
adding two artif icial nucleic acids that can be recognized and
built into new DNA and RNA molecules bv cellular biochemical
machinery. tto

New evidence indicates that humans are destroying tropical rain
forests at a rate faster than previously believed. ro

Amer ican phys ic is t  Dona ld  Huf fman and German co l league
Wolfgang Kritschmer patent a method for producing buckminster-
fullerene molecules (buckyballs) in larger quantities than previously
possible (see 1985, Richard Smalley). crrn

Inexpensive synthetic diamonds are developed that conduct heat
50 percent better than natural ones and withstand ten times as
much laser power. The synthetic diamonds are made from isotopi-
cally purified carbon.

I  990

r990

Scientists make aerogels, very low density solid materials, out of
silica and other substances. cmr

Scientists from the United States and the U.S.S.R. discover the first
known fresh-water geothermal vents, in the floor of Lake Baikal,
Russia. These vents confirm that the lake is a spreading area, a place
where new crust is forming. Should this spreading continue, over the
course of several hundred million years Asia could split apart and the
lake become an ocean between two tectonic plates. rrrfrl

Undersea core samples drilled in the Ontong-Java Plateau provide
evidence for a superplume, a giant mass of hot material that bursts
through to the earth 's crust  in a relat ively short  t ime, in the
Cretaceous period. According to current theory, superplumes affect
the shape of the crust, tectonic movement, geomagnetism, climate,
and the course of evolution. mrrr

Hundreds of climate experts sign a statdment predicting global warm-
ing unless the nations of the world act to stop the increase of green-
house gases in the atmosphere. However, the United Sates refuses to
set specifrc targets for limiting carbon dioxide emissions. rrlill

1 990

1 990

In the San Francisco Bay area, an earthquake measuring 7.1 on the
Richter scale kills sixty-seven people and injures more than three
thousand. r lttl

A 155-digit Fermat number is factored by two computer scientisrs,
breaking existing records. n il

The Journal of the American Medical Association publishes rhe re-
sults of a study linking dopamine receptor genes to alcoholism. nrD

1990 ;,i Meteorologists develop new techniques to determine the proba-

X bil i ty thar atrryspheric chaos wil l disrupr any given long-rerm- 
forecast. C\ar. r tJt'l r lnl
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1 990

1990

377



|  9 9 0

r 990

I 990

1 990

1 990

1 990

1 990

1 990

1990

I 990

1 990

Dec.

1 990

1 990

t990

s
I 990

t ! l E  t l t l l l l l E  B o o K  o F  S c l E l l c E

The first fetus-to-fetus tissue graft in the United States is performed. nro

The New England Journal of Medicine publishes a study supporting
the idea that genetic factors influence weight gain. trD

Daniell Rudman of the Medical College of Wisconsin (Milwaukee)
and colleagues report that treatment with the human growth hor-
mone can reverse the physical effects of aging. Mass production
of this hormone has been made possible by the advent of genetic
engineering,

Brit ish physicians Norman Winston and Alan Handyside are the
first to implant a woman with embryos screened in a test tube for
genetic defects. Handyside says that refining the technique will al-
low physicians to screen for any genetic disorder. Previously, $e-
netic screenin$ was not possible until the tenth week of pregnancy,
when an amniocentesis could be performed.

American rheumatologist Lawrence E. Shellman discovers the gene

that causes osteoarthritis, the most common form of arthritis. nlD

Several researchers present evidence of a link between very low
frequency electromagnetic fields and human cancer. nlD

Researchers discover that the number of years a person smokes ci$a-
reffes is the most important risk factor in carotid artery disease. ruD

Researchers find that a high-fiber diet can help protect against
colon cancer. ruD

Secondhand tobacco smoke-smoke inhaled by nonsmokers-is
called a "known human carcino$en" in a draft EPR report. tlD

On September l{,the first United States government-approved infusion

of genetically engineered cells into a human for therapeutic purposes is

successfully performed when a four-year-old $irl with an inherited
immune disorder (adenosine deaminase deficiency) begins receiving
monthly injections of genetically engineered white-blood cells. nlD

The U.S. government approves the frrst signifrcantly new contracep-
tive in twenty-frve years, Norplant. This hormone-releasing System

to be implanted under a woman's skin for long-term protection is

introduced aS the most effective contraceptive on the market. nrD

Scientists present evidence that humans settled Australia as early

as fifty thousand years ago. truo

Scientists analyze DNA from a magnolia leaf that is 20 mill ion
years old, the oldest genetic material ever tested. It provides insi$ht

into the evolution of plants. ;ruo

In Egypt, paleontologists discover the fossil remains of a 40-million-

year-old whale with feet, providin$ a clue to the evolution of

cetaceans.
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Scientists report discovering the fossil of Sinornis, a 135-million-
year-old bird from China. More recent and less primitive in appear-
ance than Archaeopteryx (see l86l), it is the oldest bird with mod-
ern flight features.

The 5,000-year-old body of a man preserved in ice is discovered in
the Alps between Austria and ltaly. Dubbed the "iceman," he car-
ries tools that provide clues to life in Europe about 3000 s.c. ncrl

American astronomers discover a quasar l2 bi l l ion l ight-years
away, the most distant object ever identified. rfiro

The Magellcn space probe completes its first radar survey of the
planet Venus, mapping more than 90 percent of its surface, reveal-
ing thousands of cracks and craters, enormous lava flows, and fea-
tures indicating quakes and volcanic activity. lrrro

British astronomers report indirect evidence for a planet orbiting a
distant pulsar or neutron star.

using the Hubble space Telescope's spectrograph, astronomers an-
alyze the disk of gas and dust orbiting the star Beta pictoris (see
1983, IRAS). By late 1992 the Hubble telescope will uncover evi-
dence of similar protoplanetary disks around frfteen new stars in
the Orion nebula. rrrro

The U.s. Gamma Ray observarory is launched into earth orbir to
study celest ia l  gamma-ray sources, part icular ly supernovae,
quasars, neutron stars, and black holes. rrnc

1990 F Using a scanning tunneling microscope, researchers at IBM are able
- I to move individual atoms on a surface for the frrst time. rrys

Physicists use new data on Z particles to develop strict limits con-
cerning the number of parricle families and refine their estimates
of the top quark mass. rtrrt

American neuroscientist Solomon Snyder grows a human brain cell
in a lab at the Johns Hopkins University School of Medicine. This
cell, a neuron from the most highly evolved portion of the brain,
will allow for more detailed studies of the brain. r.tr rl

Psychologists discover that faces usually found to be attractive have
features that approximate the mathematical average of all faces in
the area's population. rrycrr

Two separate studies of  twins,  one on men and another on
women, suggest that genes may have an important influence on
the development of one's sexual orientation. r.vqr

"Smart" materials and structures are developed that sense such

\4|  condi t ions as pressure and temperature,  then respond with
-'f changes in their properties, such as their conductivity or shape. rrql
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An electronic neural network chip. The chip represents the possible architecture
of brain cells. (AT&T)

Oct .29,
1991
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The U.S. unmanned spacecraft Galileo takes the first close-up pho-
tograph of an asteroid in space, of 95 | Gaspra, from a distance of
ten thousand miles. rtrro

The World Resources Institute estimates that the world's forests are
being destroyed by deforestation at a rate of ei$hty acres per
minute, or some 40 to 50 million acres a year. lo

At a meeting of the International Union of Biological Sciences in
Amsterdam, British mycologist David Hawksworth estimates that
the total of fungi types worldwide could be as high as 1.6 million. At
the same conference on biodiversity, some biologists claim that hu'
mans may share the world with 100 million other species but are
rapidly causing hundreds of extinctions via global warming, habitat
destruction, and the introduction of species forei$n to a region. uo

Under  a  scann ing  e lec t ron  mic roscope,  U.S.  $eo log is t  John
Watterson studies gold grains (placer gold) from Lil l ian Creek,
Alaska, and discovers that the grains are attached to bacteria.
Among the possible explanations are that the gold is a chemical
residue left after bacterial breakdown in the humic acids of Alaskan
soil, or that the gold comes from extracellular enzyme activity.
Watterson estimates that a 0.1 millimeter gold grain takes at least a
year to grow.
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The British journal Nature publishes a study by British scientists
claiming to have discovered the gene on the Y chromosome that
determines maleness in mice. When the researchers inject the
gene into female mouse embryos, some of the embryos became
male, lo

Contrary to the theories of Gregor Mendel (see 1866), geneticists
frnd that genes may behave differently, depending on which parent
they were inherited from. ro

In the United States, on September 26, the privately financed
Biosphere 2 project begins. Eight men and women are locked in a
sealed structure containing five sample earth environments. Over
the next rwo years they will study the feasibility of sustaining a
closed ecology. The project draws much media attention, though its
scientific standards are criticized in many quarters. lro

American organic chemist Joel Hawkins uses X-ray diffraction to
generate the first image of a buckyball molecule (see 1985, Richard
Smalley), corroborating the existence of this form of pure carbon,
also called buckminsterfullerene. American physicisr Arthur Hebard
demonstrates that buckyballs doped with potassium or rubidium
are superconductive. Gxrn

The newly revised U.S. Clean Air  Act  ident i f ies 189 chemicals
commonly found in the air as toxic. Environmennl Defense Fund
senior scientist Michael Oppenheimer says that more than 150
mil l ion Americans l ive in areas where air  pol lut ion levels st i l l

rlln|violate federal health standards.

The Environmental Protection Agency estimates that more than 1
million of America's 5 million underground storage tanks, most of
which hold petroleum products, are currently leaking. The EPA as-
serts that the damage done to groundwater supplies and ecosys-
tems is only beginning to be evaluated. rlrnl

Tomography (CT scanning) is applied to studies of the earth's inte-
rior. On that basis, the International Association of Seismology and
Physics of the Earth's Interior develops new seismic-wave trTvel
timetables that supersede the 1940 Jeffreys and Bullen tables. urril

U.S. scientists R. C. Capo and D. J. DePaolo report that the ratio of rwo
isotopes of strontium can be used to determine past climates. r rflr

The eruption of Mount Pinatubo on Luzon Island in the philippines
is the largest in the twentieth century. Within ten days its cloud
spreads seven thousand miles to reach from Indonesia to Central
Africa. The quantities of sulfur dioxide, ash, and aerosol material is-
sued by it lead to lower global temperatures and accelerate the ero-
sion of the ozone laver.
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American geologists Eldridge M. Moore and Ian w. D. Dalziel pro-
pose that Antarctica and the western coast of North America were
originally linked 500 million years ago. r rnl

American geologists led by Harardur sigardsson analyze glass frag-
ments from Haiti that confirm the theory (see 1979, Alvarez) thar a
large object from outer space rammed into the earth 65 million
years ago. lllttr

The u.N. Intergovernmental Negotiating committee on climate
change meets in chantilly, Virginia. Its delegares, from 1jo coun-
tries, structure a treary to "curb the threat of global warming.,, r rrn

Retreating Iraqi troops set hundreds of Kuwaiti oil wells on fire dur-
ing the Persian Gulf war through February and March. smoke from
the burning wells blankets the area, and soot is detected well north
of Turkey, as far west as Egypt, the sudan, and Ethiopia, and as far
east as India and china. The smoke also contributes to a cyclone in
Bangladesh that takes more than 100,000 lives. ulrtl

Twenty-four countries with interests in Antardtica sign a treaty ban,
ning oil exploration there for the next fifty years. rrrfll

As of this year there have been thirteen epidemiological studies
linking secondhand cigarette smoke and diseases in nonsmoking
people exposed to smoke. nrD

British geneticists claim to have located a gene that, when mutated,
causes a hereditary type of Alzheimer's disease. rlD

A characteristic gene mutation is found in people prone to develop-
ing colon cancer. nrD

The New England Journal oJ Medicine reports on the longest and
largest estrogen-after-menopause investigation, which concludes
that the benefrts of estrogen replacement, evaluated on an individ-
ual basis, outweigh the risk of cancer. rrD

Researchers at Israel's weizmann Institute of science say that it
may be possible to vaccinate againsr the insulin-dependent form of
diabetes after manipulating T-cells, which has allowed researchers
to keep mice from developing diabetes. nlD

The frrst woman named to the National Inventors Hall of Fame in
Akron, Ohio, is seventy-three,year-old Gertrude Belle Elion, who
helped develop drugs to frght leukemia, septic shock, and tissue re-
jection in patients having kidney transplants. nrD

The American Heart Association recommends limiting meat in the
diet, claiming it is not a necessary food. nlD

t99 l
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By now, more than 366,000 cases of AIDS have been reported in 162
countries and l0 million adults are believed to be infected with the
HIV virus that causes AIDS. The World Health Organization estimates
that by the year 2000 some 40 million people will be infected. ffD

French diver Henri Cosquer discovers paintings and engravings in
an undersea cave in the Calanque region of France. The artwork,
which includes paintings of marine birds called auks, dates frorn at
least  two di f ferent per iods-one 27,OO0 years ago, the other
19,000 years ago. trtro

Physicists in England achieve controlled nuclear fusion with a
mix tu re  o f  t r i t ium and deuter ium ( two fo rms o f  hydrogen)
producing almost 2 megawatts of power, a new record for experi-
mental fusion reactors. Though this fuel is more efficient than the
pure deutrium previously used, fusion has still not become a com-
mercially viable energy source.

The journal CeIl reports that geneticists have located the gene that
causes the most common form of inherited mental retardation. the
"Fragile X" syndrome.

t99l

U.S. neurobiologist Simon LeVay announces that the brains of ho-
y mosexual men are structurally different from those of heterosexual

men. The affected brain area, a segment of the hypothalamus, is
believed to influence male sexual behavior. rrilqr

A m e r i c a n  c o g n i t i v e  s c i e n t i s t  D a n i e l  C .  D e n n e t t  p u b l i s h e s
,Consciousness Explained, in which he argues that there is no cen-
tral, conscious "audience" in the brain, nor a single, unified stream
of consciousness. Rather, consciousness consists of multiple drafts
composed by neural processes of "content fixation" playing semi-
independent roles and generating the illusion of a single, conscious
self,

l99l
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U.S. neuroscientist Timothy Pons announces the results of experi-
ments on monkeys that support and extend Michael Merzenich's
cortical remapping theory. See l98os. Merzenich and Kaas. rycrl

American psychologist Jan Belsky argues that girls who grow up in
dangerous environments have a tendency to experience the onset
of puberty earlier than other girls. Her controversial explanation is
that children in such conditions are encouraged by evolution to
have offspring early and often, to increase the chances that some
will survive.

A 5,000-year-old city, possibly the legendary trade ciry Ubar, is dis-
covered in the Arabian Desert. rlctr

European and American astronomers announce the discovery of
two black holes, V404 Cygni and Nova Muscae, each orbited rapid-
ly by a star.
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European astronomer Mart de Groot demonstrates that the blue
supergianr star P cygni has brightened sreadily over the past 300
years, thus providing evidence of stellar evolution. ^rrro

The Hubble Space Telescope detects the hottest star yet known, the
white dwarf NGC 2440. Its surface remperature is i60,000o c,
more than thirty times hotter than the sun's. rtrto

A cometlike objecr titled eB1 is found at a distance of j9 to 45 as-
tronomical units (the distance between the earth and the sun), at
least as far out as pluto. It may be the first known comet in the hy-
pothetical Kuiper belt. See 1950. Irrro

Studies indicare that the Milky way galaxy, as well as thousands of
others, is moving across the sky at i7s kilometers per second. lrrro

The unmanned U.s. spacecraft ulysses (see october 6, 1990) flies
by Jupiter, using the planet's gravity to speed it on its way toward
the sun. The spacecraf t  studies Jupi ter 's magnet ic f ie ld in the
process. llrro

The cosmic Background Explorer (coBE) science team reports that
the U.S. coBE satell i te, launched in 19g9, has discovered small
temperature variations or "ripples" in the universe's microwave
background radiation. These variations support the Big Bang theory
by indicating rhar there were fluctuations in the density of gas in
the early universe soon after the Big Bang. Then, as the universe
expanded, density variations l ike these led to the formation of
galaxies, galaxy clusters, and other large-scale structures. rrrro

The f i f th,  and possibly last ,  U.S..space shut le,  Endeayour,  is
launched on its first mission, during which astronauts retrieve a
satellite stranded in a useless orbit and launch it into the correct
one. The earlier shuttles were the columbia, Discovery, and Atlantis.
The second space shuttle, the Challenger, exploded in flight. See
January 28, 1986. rrro

The U.S. space shuttle Endeavour, launched today, carries the frrst
African-American woman astronaut, Mae C. Jemison, and the first
married couple in space, Mark C, Lee and N. Jan Davis. ^rtlo

NASA launches the Mars Observer spacecraft, the frrst U.S. probe
sent to Mars since the Viking in 1975. The rendezvous with Mars,
planned forAugust 1993, will fail to take place due to loss of radio
contact with the probe. Irtlo

On the five hundredth anniversary of Columbus's discovery of
America, U.S. asronomers begin a planned ten-year search of the
sky for radio signals indicating exrraterrestrial intelligence. rrrro
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NASA scientists lose radio contact with-the Pioneer /2, which is pre-

sumed to have broken up as it plunged through the upper atmo-

sphere of Venus. This robotic spacecraft has remained operational
for fourteen years, far exceeding initial expectations. See May 20,

lg7g. Itl lo

Teams of scientists working in the United States, France, and else'

where, complete the first comprehensive maps of two human chro-

mosomes, the Y chromosome and chromosome 21. These maps

are an important step forward for the Human Genome Project, a
multiyear effort to determine the entire human genome. rto

U.S. biologists Joseph Manson and Richard Wrangham report that
their recent studies show that all primate aggression, including that

, of humans, is more complex than just a stress reaction or an
atavistic animal instinct. They claim that private aggression is an
ancient evolutionary strategy linked more to coalition building and
maintaining harmony than to wanton murder and violence. lto

Scientists report locating what they think to be the oldest and
largest living organism on earth, a giant mold called Armillaria bul-
bosa, found growing beneath a Crystal Falls, Michigan, forest. ro

An eleven-day United Nations Conference on Environment and
Development,  known as the Earth Sumrni t ,  is  held in Rio de

Janeiro,  Brazi l .  Some of the issues discussed are a funding
agreement to provide environmental aid to developing countries, a
so-ca l led  Wor ld  S ta tement  o f  Pr inc ip les  fo r  the  sus ta inab le
management and conservat ion of  forests,  and var ious other
conventions on climate chan$e and biodiversity. llo

Researchers from Yale University and New York City's American
Museum of Natural History report extracting DNA fragments from
an extinct termite embedded in amber for 30 million years, prov-
ing that genetic molecules can survive far longer than had been
thought possible. rto

The National Institutes of Health (NIH) withdraws funds from an
academic conference searching for a genetic basis for criminal be.
havior, objecting to the notion that violence and crime mi$ht have
genetic causes. ro

Scientists isolate a cluster of proteins that imitates the process by
which baker's yeast copies its genes. This experiment proves to be
a major step toward understanding how higher organisms copy
their genes. llo

A panel of experts finds that DNA fingerprinting is useful in iden-
tifying criminals, but insists that standards for its use must be
developed llo

t992
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scientists for the NEC corp. in Japan synrhesize buckytubes, hollow
cyl inders of  carbon atoms that may be useful  for  their  great
strength and electric conductivity. oiln
The ozone hole over Antarctica grows to its largest size ever. unr
scientists studying the climate of the last ice age by analyzing sam-
ples of ancient ice from Greenland determine that the climate
changed significantly in that period over spans as short as one or
two years. rrrflr
scientists find new laboratory evidence that the atmospheres of
Mars, Venus, and the earth were formed partly from noble gases
trapped in the'icy nuclei of comets. lrril

California in forty years
lrrml

Using a cray supercomputer, British scientist David slowinski dis-
covers the largest prime number to date, called the thirty-second
Mersenne prime, which is 227,832 digirs long. neil
Harvard university Medical School's Harvard Health Letter lists
what it considers the seven best screening tests in preventive
medicine, based on health professionals' guidelines: blood-pres.
sure screening for hypertension, serum cholesterol for coronary
artery disease, a stool smear for occult blood, the sigmoidoscopy
for colon and rectal cancer, a clinical exam for breasr cancer,
mammography for breast cancer, and the pap smear for cervical
cancer.

Researchers find evidence that Alzheimer's disease may develop as
the result of an imbalance in two biochemical pathways that break
down a precursor of beta amyloid, an ingredienr of the plaques that
attack the brain in this disease. xrD

Researchers are divided on the benefits of rhe drug azidothymidine
( ZT) in prolonging the lives of AIDS patients. nrD
Three studies find that the symptoms of parkinson's disease can be
improved through transplanting fetal brain tissue. ruD

r H t  t t n t f t N E  t o o K  o !  3 c l t l t c t

while studying specimens of the rock cailed shungite, Russian-
American mineralogist Semeon Tsipursky discovers naturally-
occurring buckyballs, or buckminsterfullerene molecules, which
had previously been found only in rhe raborarory (see l9gs,
Richard Smalley).

1992 American scientists succeed in forming the first buckyball polymers
and in making diamonds from buckyballs at lower remperarures
and pressures than are needed to transform graphite into dia,
monds. Like diamonds and graphite, buckyballs are a form of pure
carbon.

2

&

On June 28, the largest earthquake in
strikes near the town of Landers.
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1992 , The "Eve" hypothesis is undermined when flaws are revealed in

I e molecular research that had led scientisrs in the 1980s to trace the

L / human lineage back to a common female ancestor in Africa some
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American paleontologist Paul Sereno identif ies the 23O-mill ion-
year-old Herrerasau,rus as the earliest carnivore in the dinosaur
family. This 400'pound, 1S-foot-long reptile was probably an ances-

t992

tltto200,000 years ago.

Li Tianyuan of China and Dennis Etler of the United States an-
nounce the discovery of two extremely old Chinese skulls. If their
date of 550,000 years ago is correct, the fossils are the oldest com-
plete human skulls yet found in eastern Asia. Li and Etler claim that
these specimens are intermediate between Hamo erectus and mod-
ern hUmanS. tlllo

In the Yucatdn Peninsula of Mexico, geologists find evidence of a
crater from the crash of a meteorite or comet 65 million years ago,
an event hypothesized by Luis Alvarez in 1979. Paleontologists dis-
agree on whether this collision was responsible for the extinction of
the dinosaurs. ,rrro

The federal government, the Cheyenne River Sioux tribe, and the
private Black Hills Institute of Geological Research become em-
broiled in a dispute over ownership of aTyrannosaurus rar skeleton

truoreferred to as Sue.

In February,  American paleoanthropologists Andrew Hi l l  and
Steven Ward announce their discovery of the oldest Homo speci'
men yet known. This skull fragment, from Kenya's Lake Baringo
Basin, is 2.4 million years old, half a million years older than previ-
ously known specimens. Its discovery corroborates the theory that
stone-tool-making hominids first emerged about 2.5 million years
ago. truo

Researchers observe the unusual behavior of electrons confined to
spaces small enough for quantum effects to bbcome significant. ttrv.

Researchers make the best measurement to date of the neutrino's
mass. ,ilv,

U.S. archaeologists John S. Justeson and Terrence Kaufman report
their decipherment of an epi-Olmec stone stela or monument from
Mexico dating from 159. nol

Archaeologists discover evidence of a human campsite in northern
Alaska dating from 1 1,700 years ago, the first solid evidence of hu-
man activity in the northern paru of the migration route from Asia
to the Americas believed to have been traveled by ancestors of the
Native Americans. See 10,000 s.c. llcll
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U.s. astronomer Douglas Lin presents evidence that the Milky way is
much larger than formerly believed and is surrounded by a halo of
"dark matter" invisible to telescopes. These findings support the view
that most of the universe is composed of such dark matter. ^rrro
American scientists report that voyagers / and 2, now far beyond
Pluto, have detected intense, low-frequency radio emissions from
the heliopause, the outer boundary of the solar system. This poinr,
marking the juncture where interstellar gases interact with the solar
wind, is believed to be 8 to l2 billion miles from the sun. voyager 1
is expected to reach it in about fifteen years. rlrro
Evidence from the coBE satellite (see April 2j,lggz) indicates that
99.97 percent of the radiant energy of the universe was released
within a year of rhe Big Bang. This discovery adds supporr ro rhe
Big Bang theory. rrrro
supernova sN199iJ appears in Galaxy M-91, about t 2 million light-
years from the earth. This supernova's X-ray emissions are the first
to be analyzed by an X-ray camera orbiting the earth. rrrro
NASA loses radio contact with the lJ.s. Mars observer spacecraft
(see september 2s, l99z), bringing rhe mission to an end before
the planned rendezvous with Mars. rrtlo
space shuttle astronauts succeed in repairing the optical problems
of the Hubble Space Telescope. See April 25, lgg}. rrlrro
The British journal Nature reporrs that British geneticists have iden-
tified the gene whose mutation leads to amyotrophic lareral sclero-
sis (ALS, or Lou Gehrig's disease), an incurable muscle-wasting
neural disease.

THE GREAT PUMPKIN

ot all produce is grown to uniform supermarhet size. Every year,
Iocal, national, and international contests are held to display po-
tentially rec or d-br eahing g ar g antuan fruit s and v e g e tables. Fr om

the 1993 Guinness Book of world Records, here is a sampling of the
Iargest varieties of afew commonfruits and.vegetables:

Apple. 3.1 lbs. (V. Loveridge, Ross-on-fie, Great Britain, I965).
Cabbage. 124lbs. (8. Lavery, Llanharry, Great Britain, lggg).
Pumpkin. 816\bs., 8 oz, (E. and R. Gancarz, Wrightstown, NJ., Igg0).
Tomato. 7lbs., 12 oz. (G. Graham, Edrnond, OkIa., 19g6).
Watermelon. 262lbs. (8. Carson, Arrington. Tenn., 1990).
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p% jM U.S. researchers ar the National Cancer Institute claim to have
-KJ 

linked a genetic marker on the X chromosome to homosexual ori-

entation. llo

Researchers clone human embryos for the first time. ro

American chemists synthesize the largest molecule yet created in a

laboratory from carbon and hydro$en alone. This lumpy, ball-

shaped molecule consists of 1,134 carbon atoms and 1,146 hydro-

gen atoms. cHln

A devastating flood, perhaps the worst in U.S. history, hits the

Midwest. The Mississippi and Missouri Rivers and their tributaries

overflow their banks, submerging towns and farmland in several

states and wreaking havoc in such cit ies as Des Moines, Iowa;

Kansas City, Kansas; and St. Louis, Missouri. rrrfll

Sept. 1993 A 6.1 magniude earthquake near Latur, India, destroys more than

20 villages, killing about 10,000 people. l lil

British mathematician ,\ndrew Wiles reportedly proves Fermat's

Last Theorem (see 1637), perhaps the most famous unsolved math-

ematical problem. n il

U.S. health officials investi$ate a mysterious, deadly disease afflict-

ing Navajos in New Mexico and Arizona. The disease is determined

to be linked to a virus found in rodent droppin$s' tlD

American molecular biologist Raul J. Cano extracts DNA from a

weevil fossilized in amber for 120 to 155 million years. tAlro

U.S. paleontologist John R. Horner reports the discovery of red

blood cel ls in the fossi l ized leg bone of  a 65'mi l l ion-year-old
TyrannosauruE rex found in Montana. Horner hopes that DNA can

be extracted from the dinosaur's cells. tallo

U.S. and Mongolian paleontologists announce the discovery of a

75-million-year-old fossil animal they believe to be a flightless bird

transitional between dinosaurs and modern birds. Other scientists

disagree, saying that the creature, Mononychus, was a dinosaur not

ancestral to modern birds. PAlro

Spanish paleontologists frnd evidence that hominids in Spain were

beginning to evolve Neanderthal features as early as 500,000 years

ago, much earlier than previously thought. t^lro

- American physicists run a supercomputer calculation that appears
t to confirm the theory of quantum chromodynamics. See 1972,

Gell-Mann. trrYs

The U.S. Congress votes to terminate funding for the unfinished
Superconducting Super Collider. See 1989. tllYf
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Princeton university researchers set a new record for energy
production from controlled nuclear fusion, generating more than 3
megawatts, and later 5 megawatts, of power. '|rys
Researchers develop nanowires, vifiual strings
nanometers in thickness that may be useful in
technology.

Brit ish astronomers report the discovery of
galaxy, a dwarf galaxy in the constellation
light-years from the Milky Way's cdnter.
The U.S. spacecraft Galileo rransmits the first
moon orbiting an asteroid, Z43lda.

of atoms of a few
magnetic recording

llql

American archaeologists report evidence of local production of tin
in Turkey as early as 5,000 s.c. previously, it was believed that tin
in the Bronze Age Middle East was imported from such distant
areas as Afghanistan. nsl
American scient ists reporf  the discovery of  genet ic t races of
tuberculosis infect ion in a thousand-year-old pre-columbian
mummy from Peru, proving that Europeans did not introduce the
disease to the Americas.

the closest known
Sagit tar ius 50,000

l|illo

complete image of a
tftro

American volcanologists Tobias Fischer and stanley wi l l iams
discover a pattern of geological signs rhat can help predicr when a
volcano is about to erupt.  The research resul ts f rom a 1993
eruption in colombia that severely injured williams and killed nine
others. urlr|
Los Angeles suffers a magnitude 6.T earthquake centered in
Northridge that kills 6t people and costs an esrimated Sl5 biltion
in damages. rerfi
An American medical team reports the frrst account of successful
gene therapy to be published in a scientific journal. The team used
a receptor gene that lowers cholesterol to treat a patient suffering
from an inherired high-cholesterol disorder. rrD
American researchers reporu the discovery of a gene mutarion that
may lead to many forms of cancer. rrD
In Pakistan, paleontologist J. G. M. Thewissen and his colleagues
discover the most solid fossil evidence to date of an ancestral
whale intermediate between rand and sea. The 50-million-year-old
whale, Ambulocetus natans, had large hind legs that were functional
on land and in water. ,rtro
American anrhropologisr Donald Johanson and his coileagues piece
together the first nearly complete skull of the human ancestor
Australopithecus afarensis from fragments found in 1992 at Hadar,
Ethiopia. See also lg74, Lucy.
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American scientists report the,discovery of the earliest known land

life, tubular microorganisms from Arizona dating from 1.2 billion

years ago. tllro

New Zealand physicist Daniel F. Walls and his colleagues show the-

oretically that the relationship between the complementarity and

uncertainty principles must always hold in quantum experiments

employing closely spaced double slits. rlrr'

An international team of physicism at Fermilab in lllinois discovers

evidence for the top quark, a fundamental particle sought for

nearly two decades. rllv'

A comprehensive survey in the Archives of Gmeral Psychiatry indi-

cates that nearly half of atl American adults experience a mental
t*Uisorder at some point in their lives.
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Abbe, Cleveland
Abel, Niels Henrik

Abelson, PhiliP Hauge

Acheson, Edward Goodrich

Adler, Alfred
Agassiz, Louis
Aiken, Howard H.

al-Khw5rizmr, Muhammad

Albertus Magnus
Aldrin, Edwin E. (Buzz)

Alhazen (al-Hasan)

Alpini, Prospero
Alvarez, Luis Walter

Ampere, Andre-Marie
Amundsen, Roald
Anaximander
Anders, William A.
Angstrom, AndersJonas
Anning, Mary
Archimedes
Arfwedson, Johan A.

Aristotle
Arkwright, sir Richard
Armstrong, Neil
Arrhenius. Svante
Arzachel
Avogadro, Amedeo
Baade, Walter
Babbage, Charles
Bacon, Francis
Bacon, Roger
Baekeland, Leo Hendrik
Baer. Karl Ernst von

Bain. Alexander
Baird, J. L.

1  838-1 91 6
t802-1829
1913-
1856-1931
1870-1957
1807 -1873

r900-1973
780-850

| 193-t280
1930-

965-1039
1553-1616
1 9 1  1 - 1 9 8 8
1775*1836
1872-1928

610-547 s.c.
1935-
l814-1874
1799-1847

c .287 -212  s . c .
r792-1841

384-322 s.c.
1732 -1792
1930-
1859-1927

fl. c. 1O75
1776-1856
1893-r960
r792-187 |
156r-1626

c. 122O-1292
1863-1944
1792-1876
1 8 1 8 - 1 9 0 3
1 888-1 946

1802-1876
c.  1475-1519

1 825-1 898
t891-1941
1 908- l  991
1922-
t857-1923
1821-1865
1861 -1926

1845-1903
1822-1875
1 81 5-1 893

1 8 2 0 - 1 8 9 1
1 852- l  908
1394-1449
r854-1917
1847-1922
r774-1842
1887-1948
1 890-1 928
1844-1929
| 681 -17 4r
1 8 1 5 - 1 8 7 8
1700-1782
1654-1705

1866-r934
1779-1848
1784-1846
1  81  3 -1  898
1899-1978
1 903-1 990
1857-1911
1875-1956

Balard, Antoine-Jerome
Balboa, Vasco N0nez

Balmer, Johann Jakob
Banting, Sir Frederick Grant

Bardeen, John
Barnard. Christiaan
Barnard, Edward Emerson '

Barth, Heinrich
Bateson. William
Baudot, Jean-Maurice-limile
Bauer. Sebastian Wilhelm

Beau de Rochas, AlPhonse

Becquerel,
Alexandre-Edmond

Becquerel, Antoine-Henri
Beg, Ulugh
Behring, Emil Adolf von

Bell, Alexander Graham

Bell, Sir Charles
Benedict. Ruth
Bennett, Floyd

Benz. Carl Friedrich
Bering, Vitus J.
Bernard, Claude
Bernoulli, Daniel
Bernoulli, Jakob
Berthelot,

Pierre-Eug6ne-Marcelin
Berzelius, jons Jakob
Bessel, Friedrich Wilhelm

Bessemer, Sir Henry

Best, Charles
Bettelheim; Bruno
Binet. Alfred
Bingham, Hiram
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Birdseye, Clarence
Bjerknes, Vilhelm
Black, Joseph
Blenkinsop, John
Bleriot, Louis
Blumenbach,

Johann Friedrich
Boas, Franz
Bogardus, James
Bohr, Niels Henrik David
Boisbaudran,

Paul Emile Lecoq de
Boole, George
Borman, Frank
Born, Max
Bort, Leon Teisserenc de
Bose, Satyendra Narh
Bowditch, Nathaniel
Boyle, Robert
Bradley, James
Brady, Mathew
Brahe, Tycho
Braid, James
Bramah, Joseph
Brand, Hennig
Brandt, Georg
Brattain, Walter
Braun, Wernher von
Breguet, Louis
Breuer, Josef
Briggs, Henri
Broca, Pierre-Paul
Broglie, Louis,Victor-

Pierre-Raymond de
Brown, Robert
Bruce, James
Brunelleschi, Filippo
Buchan, Alexander
Buchner, Eduard
Bullock. William
Bunsen, Robert Wilhelm
Burbank. Luther
Burke, Robert O'Hara
Burroughs, William S.
Burton, Sir Richard

A P P I

1 886- I  956
1862-1951
1728-1799
l7g3-1931
1872-1936

1752-1840
1858-1942
r 800- I 874
1885-t962

c. 1838-1912
1 8 l  5-1  864
1928-
1882-1970
1855-1913
1894-1974
1773-1838
1 627-1691
1693-1762

1823?-1896
| 546-1601
1795-1860
1748-1814
1 630-t 692
1694-1768
1902-1987
1912-1977
I 804-1 883
1842-1925
1 561 -t 630
1 824- I  880

1892-1987
1773-1858
1730-1794
1377 -1446
1829-1907
1860-1917
1813-1867
1 8 l r - 1 8 9 9
1849-1926
1 820- l  861
r 855-l 898
r 8 2 r - 1 8 9 0

l t D t x

Bush, Vannevar
Bushnell, David
Byrd, Richard E.
Cannizzaro, Stanislao
Cannon, Annie Jump
Cantor, Georg Ferdinand
Cardano, Geronimo
Carnot, Nicolas-Leonard-Sadi
Carothers, Wallace
Carrel. Alexis
Carrier. Willis
Carson. Rachel
Carter, Howard
Cartier, Jacques
Cartwright, Edmund
Carver,

George Washington
Cassini, Giovanni
Cavendish, Henry
Cayley, Arthur
Celsius, Anders
Chadwick, Sir James
Chaffee, Roger
Champlain, Samuelde
Champollion, Jean-Frangois
Charcot, Jean-Martin
Charles, Jacques
Christy, James
Clark. William
Claude, Albert
Cleve, Per Teodor
Cockcroft, SirJohn D.
Cohen, Stanley
Collins, Michael
Columbus, Christopher
Congreve, Sir William
Conze, Alexander
Cook, James
Cooke, William Fothergill
Cooper, Gordon L.
Cooper, Peter
Cope, Edward Drinker
Copernicus, Nicolaus
Cori, Carl
Cori, Gerty Theresa

r890-1974
1742?-1824
1888-r957
1826-1910
1863-1941
I  845- t  91 8
t50t -1576
1796-1832
t896-1937
1873-1944
1876-1950
1907-1964
1873-1939
1491-1557
1743-1823

c. 1864-1943
1625-1712
l 7 3 l  - 1 8 1 0

1821-1895
t70t -1744
1891-1974
1935-1967

c. 1567-1635
1790-1832
1825-1893
1746-1823
1938-
17744838
1 898-1 983
1840-1905
t897-1967
1922-
1930-
1 451 -1506

1772-1828
t83t -1914
1728-1779
1 806- I  879
1927 -
t79t  -1883

1840-1897
1473-1543
I 896-
t896-1957
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Coriolis, Doolittle, James 1896-1993

Gaspard-Gustave de 1792-1843 Doppler, ChristianJohann 1803-1855

Corl iss, Geor$e Henry l817-1888 Dorn, Friedrich E. 1848-1916

Coronado, Francisco de c. t5l 0-1554 Doughty, Charles Montagu 1843-1926

Cort, Henry l74O-180A Dove, Heinrich 1803-1879

Cortds. Hernando 1485-1547 Drake, Sir Francis 1540-1596

Coster, Dirk 1 889-1950 Drebbel, Cornelis van 1572-1633

Coulomb. Dubois, Marie Eugdne 1858-1940

Charles-Augustin de 1736-1806 Dujardin, Felix 1801-1860

Courtois, Bernard 1777-1838 Dunlop, John 1840-1921

Cousteau, Jacques-Yves 1910- Durkheim, limile 1858-1971

Crick, Francis 1916- Duryea, Charles 1861-1958

Crile, George Washington 1864-1943 Duryea, James Frank 1869-1967

Crippen, Robert L. 1937- Durochet, Ren6 1776-1847

Crompton, Samuel 1753-1827 Dutton, Clarence Edward 1841-1912

Cronstedr, Baron Axel F. 1722-1765 Eddington, Sir Arthur Stanley 1882-1944

Crookes, Sir William 1832-1919 Edison, Thomas A. 1847-1931

Cross, Charles Frederick 1855-1935 Ehrlich, Paul 1854-1915

Cugnot, Nicolas-Joseph 1725-1804 Eijkman, Christiaan 1858-1930

Curie, Marie Sklodowska 1867-1934 Einstein, Albert 1879-1955

Curie, Pierre 1859-1906 Ekeberg, Anders G. 1767-1813

Cuvier, Baron I 769-1832 Elhuyar, Fausto d' 1755-1853

da Vinci, Leonardo 1452-1519 Elhuyar, Juan 1754-1804

da Gama, Vasco c. 1460-1524 Enders, John Franklin 1897-1985

Daguerre, Eratosthenes c.276-c. 194 B.c.

Louis-jacques-Mand6 1789-1851 Ericsson, John 1803-1889

Daimler, Gottlieb 1854-1900 Esmarch, Friedrich A. von 1823-l9OB

Dalton, John 1766-1844 Espy, James 1785-1860

Dart, Raymond 1 895-1988 Euclid fl. c. 300 s.c.

Darwin, Charles 1809-1882 Eudoxus of Cnidus c. 408-355 s.c'

Davenport, Thomas 1802-1851 Euler, Leonhard 1707-1783

Davy, Sir Humphry 1778-1829 Eustachio, Bartolommeo c. 1520-1574

Debierne, Andr6-Louis 1874-1949 Evans, Oliver 1755-1819

Deere, John 1804-1886 Evans-Pritchard,

De Forest, Lee 1873-1961 Edward Evan 19A2-1973

Delbr0ck, Max 1906-1981 Eyre, EdwardJohn 1815-1901

Demargay, Eugene-Anatole 1852-1903 Fahrenheit, DanielGabriel 1686-1736

Democritus c. 46Q-370 B.c. Fallopius, Gabriele 1523-1562

Descartes, Rene 1596-1650 Faraday, Michael 179l-1867

de Vries, Hulo 1 848-1955 Fauchard, Pierre 1678-1761

Dias, Bartolomeu c. 1450-1500 Fenton, Roger 1819-1869

Diesel, Rudolf 1858-1915 Fermat, Pierre de 1601-1665

Dirac, Paul Adrien Maurice lg}2-1984 Fermi, Enricb 1901-1954

Domagk, Gerhard 1895-1964 Ferraris, Galileo 1847-1897

Dooley, Thomas 1927-1961 Feynman, Richard Phillips 1918-1988
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Fibonacci, Leonardo
Fischer, Emil
Fitch, John
FitzGerald, George Francis
Flagg, Josiah
Flammarion. Camille
Fleming, Sir Alexander
Fleming, SirJohn
Ford, Henry
Fourier, Jean-Baptisre-Joseph
Fournier, Pierre-Simon
Franck, James
Franklin, Benjamin
Fraunhofer, Joseph von
Frazer, Sir James George
Frege, Gortlob
Fr6mont, John Charles
Frere, John
Fresnel, Augustin
Freud, Anna
Freud, Sigmund
Frobisher, Sir Martin
Fulton, Robert
Funk. Casimir
Gadolin, Johan
Gagarin, YuriA.
Galen, Claudius
Galilei, Galileo
Gall, Franz Joseph
Galle, Johann Gottfried
Galois, Evariste
Galton, Sir Francis
Galvani, Luiti
Gatling, Richard Jordan
Gauss, Carl Friedrich
Gay-Lussac, Joseph-Louis
Geiger, Johannes Hans
Gell-Mann, Murray
Gesner, Conrad von
Ghiorso, Albert
Gibbs, Josiah Willard
Gilbert, William
Glenn, John
Goddard, Roberr H.
Gddel, Kurt

Goethals,
George Washington

Golgi, Camillo
Gomberg, Moses
Goodwin, HannibalW.
Goodyear, Charles
Gorgas, William C.
Graaff, RobertJ. van de
Gramme, Zenobe Theophile
Gregor, William
Grew, Nehemiah
Grissom, Virgil L
Grotefend, Georg Friedrich
Guericke, Otto von
Gutenberg, Johannes c.
Haeckel, Ernst
Hahn, Otro
Haldane, J. B S.
Hale, George Ellery
Hall, Asaph
Hall ,  SirJames
Hall, Marshall
Haller, Albrecht von
Halley, Edmund
Hardy, G. H.
Hargreaves, James
Harrison, John
Hartley, David
Harvey, William
Harchett. Charles
Hawking, Stephen William
Heaviside, Oliver
Heisenberg, Werner Karl
Helmholtz, Hermann

Ludwig Ferdinand von
Henry the Navigator,

Prince of Portugal
Henry, Joseph
Hero of Alexandria
Herodotus c.
Herschel, John
Herschel, Sir William
Hertz, Heinrich Rudolph
Hertzsprung, Ejnar
Hess, Harry

1 170-1230
1852-1919
1743-1798
I  851  - l  90 t
1763-1816
1842-1925
1 8 8 1 - 1 9 5 5
1849-1945
1863-1947
1768-1830
17 l2-1768
1882-1964
1706-1790
1787-1826
1854-1941
1848-1925
1 8 1 3 - 1 8 9 0
1740-1807
1788-1827
r 895- I  982
1856-1939

c.1535-1594
1765-1815
1884-1967
1760-1852
1934-1968

c . 1 3 0 - c .  1 9 9
t564-1642
1758-1828
1812 - t9 to
r 8 1  1 - 1 8 3 2
1822-t9t l
1737-1798
r  81 8-1 905
1777-1855
1778-1850
1882-t945
1929-
1 5r  6- l  565
t9 l5-
1839-t903
1544-1603
l92t -
1882-1945
1906-1978

1 858- I  928
1844-1926
1866-1947
1822-1900
I 800-1 860
t854-1920
1901-1966
1826-t901
l76 t  - 1817

|  6 4 t  - 1 7  t 2
1926-1967
1775-1853
1602-1686

1398-c. 1468
1834-1919
1879-1968
1892-1964
I 868-l 938
1829-1907
1761-1832
1790-1857
1708-1777
1656-1742
1877 -1947

c. 1720-1778
1693-1776
1705-1757
1578-1657
1765-1847
1942-
1850-1925
1901-1976

t82t-1894

1394-1460
1797-1878

fl .  n.o. 62
485-428 B.c.

1792-187 1
1738-t822
1857-1894
1873-t967
1906-1969
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Hess, Victor Franz 1885-1964

Hevesy, Georg C. de 1885-1966

Hewitt, Peter C. 186l-1921

Hilbert, David 1862-1943

Hippocrates c.460-c.370 s.c.

Hisinger, Wilhelm 1766-1852

Holland, John P. 1840-1914

Hollerith, Hermann l860-1929

Hooke. Robert 1635-1703

Hopkins,
Sir Frederick Gowland 1861-1947

Hoppe-Seyler, Ernst Felix 1825-1895

Howe, Elias 1819-1867

Hubble, Edwin P. 1889-1955

Hudson, Henry f l .  1607-161 I

Hughes, David E. 1831-1900

Hughes, Howard 1905-1976

Humboldt, Alexander von 1769-1859

Hunter,John 1728-1793

Huntsman, Benjamin 1704-1776

Hutton, James 1726-1797

Huxley, Julian 1887-1975

Huxley, Thomas Henry 1825-1895

Huygens, Christiaan 1629-1695

Hyatt, John W. 1837-1920

Imhotep c.2980-2950 s.c.

Ivanovsky, Dmitry 1864-1920

lves, Frederic Eugene 1856-1937

James, William 1842-1910

Jansky, Karl G. 1905-1950

Janssen,
Pierre-Jules-Cesar 1824-1907

Jenner, Edward 1749-1823

Jenner, Sir Wil l iam 1815-1898

Joliet,  Louis 1645-1700

Joliot-Curie, Fr6deric 1900-1958

Joliot-Curie, Irdne 1897-1956

Jones, Sir William 1746-1794

Jouffroy d'Abbans,
Marquis de 1751-1832

Joule ,James P.  1818-1889

Jung, Carl Gustav 1875-1961

Kamerlingh Onnes, Heike 1853-1926
Kant, Immanuel 1724-1804
Kay,John 1704-1764

Kekule von Stradonitz,'
Friedrich A.

Kelvin,
William Thomson, Lord

Kennelly, Arthur Edwin
Kenny, Sister Elizabeth
Kepler, Johannes
Kingsley, Norman W.
Kircher, Athanasius
Kirchhoff, Goalieb SiSismund
Kirchhoff, Gustav Robert

Kirkwood, Daniel
Klaproth, Martin H.
Klaus, Karl K:
Klietsch, Karl
Koch, Robert
Koldewy, Robert
Kolliker, Albrecht von
Krebs, Sir Hans Adolf
Kroeber, Alfred Lewis
[a Salle.

Rene-Robert Cavelier de

Ladnnec, Ren€ T. H.

Iagrange, Joseph-Louis
Lamarck, Jean-Baptiste de
[and. Edwin Herbert
landsteiner, Karl
Langley, Samuel Pierpont
Langmuir, Irving
Laplace, Pierre Simon de
Lassell, William
Lavoisier. Antoine-Laurent
Lawrence, Ernest O.
layard, Sir Austen Henry
Leakey, Louis
Leakey, Mary
Leakey, Richard
Leavitt, Henrietta Swan
Leblanc, Maurice
Lee, Tsung-dao
Leeuwenhoek, Anton van
Leibniz,

Gonfried Wilhelm
LemaiFe, Georges-Henri
Lenoir, Jean-Joseph Etienne
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Alder, Kurt, 263
Aldrovandi, Ulisse, 51, 57
Alfven, Hannes, 290
Algebra, 24, 43, 50, 1 57, 3r4
Allen, Bryan, 355
Allen, Paul Gardner, 350
Allotropy, 150
Allport, Gordon W illard, 27 9
Alphabet: Cherokee, t 59; Cyrillic, i0; phoneric, g
Alpha parricles, 252
Altman, Sidney, 340
Altmann, Richard,209
Aluminum: cans, 325, 329; production, 166, 205
Alvarez, Luis Walter, 325,354,361, i87
Alzheimer, Alois,24l
Amagat, Emile Hilaire, 198
Amino acids,  122,  131,  i06,542
Ammonia, 98-99, 108, 1 I 4; production , Z3S, Z4Z
Ammonium sulfate, 57
Amontons, Guillaume, 81, 107, 1 l9
Ampdre, Andr6-Marie, t t8, l3t -iz
Ampere (electric unit), 2j5
Amundsen, Roald, 228, 240
Amyl nitrite, 153
Analytic conrinuation (MArH), 166
Anatomy, 46; animal, 57; in different races,95:

morbid,96
Anaxagoras, t2
Anaximander, 10-l I
Anderson, Carl David, 271,278
Anderson, W. French. 373
Anesthesia: anestherics, 49, 1lZ, 142, l56, ZZg,

273, 289, 31 6; apparatus, I 92
Andrews, Roy Chapman, 254-SS
Andrews, Thomas, 150, 183
Anfinsen, Christian Boehmer, i20
Angstrom, A. J., I t 8
Animals: all-female vertebrate species,
319; animal husbandry, 100; bees, 255;

classification, 80, I 18, I55; domesricarion,
3-4; foot-and-mouth disease, 221: Hereford
cattle. 128

Anning,  Mary,  115, lzs
Anschutz-Kampfe, Hermann, 2J6
Anthropology: cognitive, 324; physical, 122;

social, 199
Antielectron, 2Zl
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Antimatter.26S
Andneutrinos, 31 6
Ant iprotons,  514
Apollonius of Perga, 17, 19
Appert, Nicolas, 121
App ian  Way ,16 - t7
Appius Ctaudius Caecus, 16-17
Aqueducrs,  10,22,155
Arago, Frangois, l3l -32
Arber, Werner, 355
Archer, Scott, 161
Archimedean screw. l7
Archimedes,  17-18
Archimedes' principle, 1 8
Architectural acoustics. 2 1 8
Architecture: arch, 9; Gothic, 54; pyramids, 6,

51 2; skyscraper, 204i suburban housing, 297
Arderne, John of, 58
Ardrey, Robert, 354
Arfwedson, Johan August, 128,3O4
Aristaeus, 17
Aristarchus of Samos, 19, 69
Ar istot le.  14-15
Armillary ring,2O,23
Armstrong, Edwin H., 249,273
Armstrong, Neil A., 338
Armstrong, Will iam, 154
Arnold,  H.  D. ,243
Arnon, Daniel Israel, 3l 2
Arrhenius, Svante, 202, 2O8, 246
Arsenic, 55
Artif icial intell igence (AI), 295, 318,330
Artificial sweeteners, 320, 362
Asclepiades, 20
Ashkin. Arthur, 368
Aspdin, Joseph, 1 54
Astbury, William Thomas, 267
Asteroids, 1 17, 1 19, 302, 353, 38O
Aston, Francis William, 251 , 258
Astrolabe, 19, 29
Astronautics, 221 ,228
Astronauts, American: Aldrin, Edwin E. "Buzz",

Jr,,338; Anders, Will iam A., 337; Bean,
Alan L., 358; Bluford, Guion, Jr., 361; Borman,
Frank, 557; Chaffee, Roger, 31 7 , 335: Collins,
Michael, 338,371; Conrad, Charles, Jr.,338;
Cooper, L. Gordon, Jr., 117, 329; Crippen,
Robert L.,358; Davis, N. Jan, 384; Glenn,

John  H . ,  J r . , 317 ,327 ;Gr i ssom,  V i rg i l  I . , 317 ,
326, 332,355; Jemison, Mae C., 384', Lee,
Mark C., 584; Lovell, James A., Jr.,337:
McAuliffe, Christa, 368; Ride, Sally, 361;
Schirra, Walter M., Jr., 517; Shepard, Alan B.'

Jr., 317,326; Slayton, Donald K., 317: White'
Edward  H . , I I , 318 ,  332 ,335 ;  Young ,  A r thu r ,95

Asrronauts, Soviet: Atkov, Oleg, 562; Gagarin, Yuri
A..317.526; Kizim, Leonid, 562; Komarov'
Vladimir M.,335: Leonov, Alexei A., 352;
Manarov, Musa, 373; Romanenko, Yuri V.,570;
Solovyov, Vladimir, 362; Tereshkova, Valentina
V.,329, Titov, Col. Vladimir, 373; Tttov,
Gherman 5. ,326
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Atanasoff, John V., 289,296
Atom, 120, 123; model of, 23O, 24O, 243-44,

261 ; model of nucleus, 271 , 500; parity of
atomic smtes, 264; quantum jumps, 369;
radioactive disintegration of ,232; size of ,235

Atomic number, concept of,245
Aftention, study on, 160
Attention-deficit disorder (ADD), 366
Atwood, George, 106
Audubon, John James, 1 57
Auer, Carl, 205
Auger, Pierre, 258
Auger effect (PHYS), 258
Aulenback, Kevin,370
Automat (food),227
Automobiles, 219, 228i models, 2Q6, 21 4, 219,

236,280,286; powered by gasoline, 204;
power steering, 508; safety defects,335',
steel,239: tires, 21 6,297

Autoradiograph, 234
Avery, Oswald Theodore, 290
Avogadro, Amedeo, 125, 173
Avogadro's hypothesis (pHys), I 25, I 73
Avogadro's number (constant), 132, 177
Ayrton, Hertha Marks, 2O3,230
Aztecs, 47, 132

B
Baade. Walter, 272-73, 29O, 3O2, 3O8
Baade-Zwicky theory (ASrRo), 336
Babbage, Char les,  119,  127,  131,  141,  144*45,

157.  161
Babbitt metals, 148
Babcock, George, 182
Babo, Lambert, 157
Bacon, Francis, 5l, 58, 63-65
Bacon, Roger, 35-36
Bacteria, 50; anthrax bacillus, 191 ; genetically

altered, 370; mycobacterius tuberculosis, 200;
oil-eating, 540; pneumococcus, 198; virus
disringuished, 260

Bacteriology, 186
Baek6land, Leo Hendrick, 238
Bagehot, walter, 187
Baillarger, Jules, 164
Baily, Francis, 146
Baily's beads (esrno), 146
Bain, Alexander, 191
Bakelire.258
Baker, Henry, 86
Baker, Richard, 302
Bakker, Robert, 557
Balard, Antoine-J6r6me, I 36
Balasubramanian, Ramachandran, 368
Baldwin, Ralph Belknap, 502
Ballistic missile, 289
Balloons, 105-6; military use, 112;

scientific use, 106, I20
Ball-point pen, 281
Balmer, Johann Jakob, 203
Baltimore. David,349
Banach. S@fan,254
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Banach spaces (MArH), 254
Bandura, Albert, 260
Banks, Joseph, 97
Banting, Sir Frederick, 253
Barbed wire, 188
Barbituric acid,176
Barche, Alexander Dallas, 141
Bardeen, John, 307, 5 1 8
Barghoorn, EIso Sterrenbery, 333
Barkla, Charles Glover, 230,232
Barnard, Christiaan, 336
Barnard, Edward Emerson, 198, 212, 248
Barometer, 68
Bartholin, Erasmus, 74
Bartlett, Neil,528
Bartlett. Sir Frederic C.,272
Barton, Derek H. R.. 304
Barton, Oils,267
Baryon conservation, law of (pHvs), 280
Bascom. Florence, 236
Basov ,  N .  G . ,312
Bateson, Gregory, 316
Bateson, Richard, 232
Bateson, William,226
Bathyscaphe, 3OO,313
Bathysphere, 267
Batteries, 146, 148, 172, 182,348:

Vo l ta i cce l l ,  117 -18
Bauer, Georg. See Agricola, Georgius
Bauhin, Gaspard, 64
Baum6, Antoine,93
Bawden, Frederick Charles, 27 7
Bayliss, William, 254
Beadle, George Wells, 285, 519
Beaumont, Will iam, 144
Becher, Johann Joachim, 77
Beck, Aaron T.,336
Becklin. EricE..369
Beckman, Arnold O., 273, 286
Becquerel, Antoine-Henri, I 18, 2l 8,220,224
Bednorz, Johannes Georg, 369
Beebe, Charles, 267
Behar, Gordon,375
Beilstein. Friedrich K.. 198
Bell, Alexander Graham, 190, 192
Bell. Jocelyn, 535
Bell, Sir Charles, 119, 125
Bellak, Leopold,366
Belon, Pierre, 5l
Belov, Nikolai Vasilevich, 297
Belsky, Jan, 383
Benedict, Ruth, 201, 274, 295
Bennerr, Floyd, 260
Benson, Herbert, 351
Bentley, Arthur F.,236
Benz, Carl Friedrich, 204
Berg,  Otto C.,258
Berger, Hans, 265
Bergius, F riedrich, 2 42
Bergman, Torbern Olof, 102, 108
Bering, VitusJ., 85, 89
Berkeley, ceorge, 78, 83, 87

Bernal, John Desmond, 261
Bernal chart (PHYS), 261
Bernard, Claude, 1 66, 168, 179
Berne, Eric, 239
Bernoulli, Daniel,88
Bernoulli, Jakob (acques), 77, 8O, 84, 86
Bernoulli, Johann \Jean), 77 -7 8, 8O
Bernoulli equation (M^rH), 77
Bernoulli numbers. 86
Bernoulli theorem (PHYs), 88
Berry, Clifford,289
Berthelot, Pierre-Eugene-Marcelin, 1 73
Berthollet, Claude-Louis, 108-9, 120
Berzelius, Jons Jakob, 120, 122, 125-28, l3O,

154 ,  159 ,  141 ,  146 ,  150
Bessel, Friedrich Wilhelm, 144, 147, l5O
Bessemer, Henry, 166
Bessemer converter. 1 66
Best, Charles, 255
Beta pafticles, 245
Bethe, Hans, 280
Bettelheim, Bruno,351
Bhattacharyya, J. C., 562
Bichat, Marie-Frangois-Xavier, I I 7
Bicycle, 148, 175, 185, ZO4
B ien .  M.  N . ,266
Binary system, 82
Binet, Alfred, 2O8, 231, 241
Bingham, Hiram,24l
Bini, Lucio, 278
Binomial theorem (MArH), 7l
Binswanger, Ludwig, 305
Biofeedback, 323, 353
Biogeography, 190
Biological productiviry, 233
Bioluminescence, 2O5
Biometrics, 209
Biosphere 2 project, 381
Bior, Jean-Baptiste, l2O, 127
Birdseye, Clarence, 260

- Birkeland, Kristian, 227
Birkeland-Eyde process (CHEM), 227
Biro, George, 281
Biro, Ladislao, 281
Birth control, 248, 31 4, 378
Bjerknes, lacob, 229, 253, 283
Bjerknes, Vilhelm,255
Bjorken, James D., 332
Blaauw, Adrian, 308
Black. Davidson.262
Black, Joseph,93-96
Black, Will iam, 174
Black holes, | 1 4, 249, 281, 541, 343, 383
Blackwell, Elizabeth, I 59
Blaesg, R. Michael,375
Blanchard, Jean-Pierre-Frangois, I 06
Blasting gelatin, 190
Bldriot, Louis, 238
Bleuler, Eugen, 240
Blindsight, 341
Bloch,  Fe| ix ,283,294
Bloch, Konrad Emil,306
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Bloembergen, Nicolaas, 5 I 6
Blood: apheresis, 357; circulation, 65,71:'

hemoglobin, 175; platelets, studies on, 173;
Rhesus factor, 229: test; erythrocyte
sedimentation, 250; transfusion, 73, 287

Blumberg, Baruch,351
Blumenbach, Johann Friedrich, 1O2, 122
Blumer, Herbert,224
Bly, Nellie, 205
Boas, Franz, 2O1, 223, 241, 264
Boats, 4-5, 55, 37, 57, 123, 144. See also

Steamboats: Submarines
Bodenstein, Max. 185
Bode's Law (asrno), 97
Bogardus, James, 159
Bohr, Niels, 243, 246, 262
Bohr-Sommerf eld atom. 247
Boltwood, Bertram Borden, 235
Boltzmann, Ludwig Eduard, 174, 195,202
Bolyai, j i inos, 137
Bomb: atomic, 295-94: fission, 304;

hydrogen, Sl0
Bombast von Hohenheim, Philippus A. J. See

Paracelsus
Bonaventura Cavalier, Francesco, 66
Bondi ,  Hermann,298
Bonnet, Charles, 81, 89, 95, 99
Boole, George, 157
Boolean alflebra,157
Booth, Hubert, 226
Borden, Gail, 166
Bordet, Jules, 25 I
Boric acid, 82
Born,  Max,261
Bosch, Carl,242
Bose, Satyendra Nath, 257
Bose-Einstein statistics, 257, 261
Bosons ,  257 ,261 ,352
Botanical gardens, 38, 49, 52,95
Botany,  15,  17,35,  1O3, 185. ;  botanical

nomenclature, 182: women botanists, 21 1 .
See also Plants

Bothe, Walther Wilhelm Georg Franz, 265
Boughn, Stephen, 358
Bouguer, Pierre,92
Bouillaud, jean-Baptiste, 135 '

Bourbaki, Nicolas, 282
Boussingault, Jean-Baptiste, 1 55
Boveri, Theodor, 228
Bowditch, Henry Pickering, 185
Bowen, N. C. ,300
Bower, Abraham, 159
Bowie ,  W.T . ,263
Bowlby, John,32O,339
Boyd, Lyle,316
Boyd, Wi l l iam C.,516
Boyer, Herbert,346
Boyle, Robert, 71, 88
Boyle's law (PHYs), 71, 172
Bracewell. Ronald.560
Bradley, James, 85, 91, 96
Bragg, William Henry, 23O, 245

Bragg, William lawrence, 245
Braille, Louis, 145
Brand, Hennig, 74
Brandt, Georg, 87
Branly, Edouard-Eugene, 2 1 0
Brattain, Walter, 302
Braun, Karl Ferdinand, I 88, 220
Bray, John Randolph, 259
Bread-slicing machine, 264
Breuer,Josef ,  198,217
Brewster. Sir David. 125
Brewster's law (pttvs), 125
Bricks. 5. 76
Br idges,  104,  I  15,  122,135,155
Bridges, Calvin,246
Bridgman, Percy Will iams, 231
Briggs, Derek,344
Briggs, Robert Will iam, 308, 510
Bright, Richard, 157
Brill, Abraham Arden, 235
Bril lo pads, 244
Britton, Edgar,255
Broca, Pierre-Paul, 167,172, 175
Broglie, Louis-Victor'Pierre-Raymond de, 256
Bromine. 136
Brongniart, Alexandre, I 40
Bronsted, Johannes Nicolaus, 256
Broom, Robert, 229,280
Broussais, Franqois, I 55
Brouwer. Dirk. 307
Brouwer, Luitzen EgbertusJan, 245
Brown. Barnum,259
Brown, Janice,357
Brown, John, 103
Brown, Rachel, 299
Brown, Robert, 138, 141
Brown. W.8, ,  260
Brownian (or Brunonian) motion (PHYs), 138, 231
Brugsch, Heinrich Karl, 198
Bruno, Giordano, 53,57
Brunschwygk, Hieronymus, 46
Bubble chamber.311
Buchner, Eduard,220
Buck, Gordon, 174
Buckland, Will iam, 134
Buckminsterfullerene molecules (buckyballs), 566,

3 7 7 . 3 8 1 . 3 8 6
Buckyball polymers, 386
Buckytubes, 386
Budd, Will iam, 166
Buffon, Georges-Louis Leclerc de,92, 103
Bullock. William, 132
Bunsen, Robert Wilhelm, 165, 17O, 172
Bunsen burner, 165
Burdach, Karl Friedrich, I l7
Burton, William, 258
Bush, Vann, 268
Bushnell, David, 102
Buster, john E., 362
Butenandt, Adolf, 265, 268, 275
Byram, Edward,332
Byrd, Richard 8., 260, 265
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Cabrera, Blas, 361
Cade,1.  F.  J. ,304
Calculating machines, 68, 7 5, 206
Calculus,  66,72,75,77,  l5 l ;  d i f ferent ia l ,  68,  95;

functional, 232:limit concept, 95
Calendar: Chinese, 9,27; Copriq 25; Gregorian,

54;Jul ian '  20
Calvin, Melvin, 517
Camera lucida, I26
Camera obscura; 5l
Cameras,  207,224,260
Campbell, John, 95
Campbell, William W allace, 222
Camper, Pieter,95
Canal rays,242
Cancer: and genes, 37 | ,382, 39O: and high.fiber

diet, 378; and very low frequency
electromagneric fields, 378

Cannizzaro, Stanislao, 162, 173
Cannizzaro reacdon (cHEM), 162
Cannon, Annie Jump, 225, 257, 302
Cannon, Walter 8., 248, 256, 260. 27O
Cano, Ra0lJ. ,389
Can opener, mechanical, 185
Cant i ,  R.  6. .270
Cantor, Georg Ferdinand, t84, 186,188,217,

329
Capek, Rarl,252
Capillary forces, theory of (pHys), 122
Capo ,  R .  C . ,381
Carbolic acid, 179
Carbon 14,285
Carbonated water, 98
Carcinogens,246
Cardano, Geronimo, 48, 50
Carlson, A., 330
Carlson, Chester,279
Carnot, Lazare, l2O
Carnot, Nicolas.L6onard-Sadi, 154
Carothers, Wallace Hume, 279,286
Carpenter, M. Scotr, 3l 7
Carrel, Alexis,277
Carson, Rachel,527
Cartan. Henri, 314
Carter, Howard,254
Case, Jerome Increase, 152
Cassinelli, Joseph P., 558
Cassini, Giovanni, 72, 75-76
Catastrophism, 126
Catchside,  D.  G.,292
Cathode rays,  191 ,198,217
Cattell, Raymond,354
Cauchy, Augusrin Louis, Baron, 128, l3l, li1,

r 8 9
Cauchy-Kovalevskaya rheorem (uerH), 189
Cauchy-Riemann equations (MATH), I 6l
Cauchy's integral theorem (uatr), 135
Cavendish, Henry, 86,97, I06, I l4
Caventou, Joseph-Bienaime, 128, 150
Caxton, Will iam,42
Cayley, Arthur, 152, 163, 168
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Cayley, Sir George, 152,163
Cech, Thomas R., 340
Celeripede, 128
Cell: cytoskel eton, 5 47 : genetically engineered,

378; mitosis, 187: protoplasm, theory of , 174:
receptors, 331 ; theory, 156

Celluloid, 166
Cellulose. 145
Cellulose acetate,262
Celsius, Anders, 9O
Cerleui, Ugo,278
Cesalpino, Andrea, 54, 92
Chadwick, James, 245, 27 | , 274
Chain, Ernst, 264,282
Chain reactions (CHEM), 208
Chakrabarty, Ananda, 540
Chalmers, Will iam, 268
Chamber la in,  Owen,314
Chamberlin, Thomas Chrowder, 230, 275
Champlain, Samuel de, 62
Champollion, Jean-Frangois, | 32
Chandrasekhar, Subrahmanyan, 28 I
Chandrasekhar limit (AsrRo), 281
.chaos rheofy (MArH), 326-27
Chaos theory (pHvs), 228
Charig, AIan j., 328
Charles, Jacques-Alexandre-C6sar, 81, I 07
Charles's law (pHYs), 119
Chasles, Michel, 162
Chemical thermodynamics, laws of, 191
Chemistry: chemical noradon, 168; chemical

symbols, 126; nomenclature, 107; periodic
table of elements, 183

Chen He-quin, 259
Cherenkov, Pavel Aleksey evich, 27 3
Cherenkov radiation, 27 3
Chlorofluorocarbons (CFCs), 548
Chloroform (compound), I 42
Chlorophyll, 128, 250, 232
chocolate, 46, 139, 190,216
Choh Hao Li,289,316
Cholera, 164; bacil lus, 200; epidemics, 143, l8l;

pandemic,137
Cholesterol. 306
Chomsky,  Noam,3l9
Christy, James, 353
Chromatography, 252, 291, 300, 3O9
Chromosomes, 283', artincially made, 361 ;

maps ,240 ,385
Chronometer, 87
Chubb, Talbot,352
Chugani, Harry,369
Chung, Samuel Chao,348
Chung Chien Young, 266
Church, Will iam, 133
Church, William Hale. 3O7
Cieciura,  S.  J. ,  315
Cigarertes, I l4
Cinemascope, Sl2
Cin€matographe,217
Circle, squaring rhe, 13, 15,200
Citric acid, 106
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Clairaut, Alexis-Claude, 86, 90
Clairaut differential equation (MATH), 86
Clapperton, Hugh, 135
Clark, Mamie Phipps, 312
Clark, Wil l iam, 120
Clarke, Arthur C.,292
Clasp locker, 214,257
Claude, Albert,306
Clausius, Rudolf Jul ius Emanuel, 158, 160, 168
Cleve. Per Teodor, 195
Clocks: mainspring, 42; mechanical,  37; with

minute hands, 74; pendulum, 67,70,75',
quartz, 27 6: watch, 44, 325: water, I  8

C lones :  an ima ls ,  335,358,363;  human ce l l s ,  315;
human embryos, 589; plants, 340,364

Cloud chamber,24O
Cloud names, 120
Clover, Joseph, I  92
Coa l ,  9 ,  80 ,  90 ;  in  Eng land,  34-35 ,55 ,62
Coal-tar chemistry, 21 6
Cockcroft, John Douglas , 265, 271
Code of Hammurabi, 8, 226
Coefficients of elasticity of materials, 125
Cof fee ,  29 ,39 ,  58
Cognitive dissonance theory (esvcn), 319
Cohen,  Pau l  j . ,  217 ,  229.  329
Cohen, Stanley, 346
Coherer,2l4
Cohn,  Ferd inandJ . ,  186
Coincidence counter. 265
Coke, 58. 83
Colby, Kenneth,323
Coll ins, Francis, 375
Colt,  Samuel, 146
Columbus, Christopher, 43-44
Combe, George, 144
Combustion, theory of ,  112
Comets ,  7 ,  lO,  20 ,  28 ,  50 ,  53 ,  63 ,  7  1 ,  113,

127-28, 156, t  98, 302,306. See also Halley's
Comet

Compass, magnetic, 22, 31, 33-34, 36; magnetic
declinations, 49, 80

Complementarity, concept of (pHvs), 262
Compton, Arthur Holly, 256
Compton effect (PHYS), 256
Computers: early, 268, 289, 291 , 296.3O8;

extending use of, 505; mainframe, 3l 2,315:
microchip, 322 : micr oprocessor, 542 : personal,
349-50, 353, 357 : RAM (random access
memory) chip, 364; text-editing, 548

Comte, Auguste, 148
Congruences, theory of (MArH), I 1 8
Conrad. Frank, 255
Conservation of mass-energy, law of ,231
Conservation of momentum. taw of. 74
Continental dri f t ,  168, 242,305
Continuity, principle of (MArH), 125
Continuum hypothesis (MArH), 217, 329
Contraceptives. See Birth control
Conze, Alexander,184
Cooke, William Fothergill, 147
Coolidge, Albert Sprague, 272

t i l D t x

Coolidge, William David, 238, 244
Cooper ,  Leon  N . ,318
Cope, Edward Drinker, 184, 191, 195,2O9
Copernicus, 46, 51: heliocenric theory and

Roman Catholic church, 62, 132, 145
Copernicus, Nicolaus, 42, 49
Cordire, 208
Cori, Carl Ferdinand, 301
Cori, Gerty Theresa Radnitz, 301
Coriolis, Gaspard-Gustave de, 140, 146
Coriolis effect, 1 46, 165
Corliss, George Henry, 192
Cormack. Allan.346
Correns. Carl.223
Corrigan, Dominic, 143
Corrigan's pulse, 143
Corson, Dale, 285
Coryel l ,  C.  D, ,297
Cosmic masers, 552
Cosmic rays,241
Cosquer,  Henr i ,583
Coster, Dirk, 256
Cotton, 35; all-mechanical picker, 263; fabric, 6;

g in,  1 l0;  mi l l ,  109;  thread,  122
Coulomb, Charles-Augustin de,86, 105, 107, 118
Coulomb's law (psvs), 107
Cournand, Andr6, 288
Courtois, Bernard, 124
Coutelle, Jean-Marie, 1 12
Cowan, Clyde Lorrain, 316
CPT theorem (PHYS), 332
Crab Nebula,  32,336
Craig, Eli jah, 109
Cramer, Gabriel, 92
Cramer's rule (mars), 92
Creationist movement, 323, 370
Cred6, Karl S. F., 163,2O2
Crelle, Augusr Leopold, 137
Crewe, Albert Victor, 342
Crick, Francis, 3 10, 319
Crompton,  A.  W.,528
Cronin, James Watson, 53?
Cronstedt, Baron Axel F.,92, 95
Crookes, Will iam, 174, 189-90, 197-98,224
Crookes tube, I 90
Crow,  T .  J . ,357
Crystallography, 84, 1O4
Crystal structure,244
Cube, duplicating the, 13, 15
Cubic equations, 48, 50
Cultural evolution, 3 I 5
Cultural psychology, 27 4
Cul tured pear l ,2 l4
Cummings, Alexander, 102
Curare,54,288
Curie, Marie Sklodowska, 220-22, 226, 232-33,

240,301
Cur ie,  Pierre,  198,  217,  221,  225
Curie point or Curie temperature, 21 7
Curtis, Heber Doust, 252
Cushing, Harvey, 256, 263
Cuvier, Baron, 1.26, 131
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Cyclic adenosine monophosphate (AMP)' 315
Cytochrome oxidase, 257
Cytochromes , 25T , 260

D
Daguerre, Louis, 140, 148, 1 51
Daimler, Gottlieb,226
d'Alembert's principle (PHYS), 90
Dal ton,  John, 120,  123,  13O
Dalz ie l ,  Ian W. D.,382
Dana, James Dwight, 155, 162, 176
Daniell, John Frederic, 146
Daniel l i ,  J .F. ,292
Danysz, Marian, 309
Darby, Abraham, 83
Darby, Abraham, III, 104
Darevsky, l lya, 519
d'Arlandes, Marquis Franqois, 105
d'Arsonval, Jacques.Arsdne, 2 | 2
Dart, Raymond Anhur, 257
Darwin, Charles, 123-24, 142, 146' 148-49' 153'

167,  170-72,  175,  185,  191,  199
Dating techniques, 361; carbon dating, 296' 371;

dendrochron ology, 252: uranium-lead absolute
method,277

Davidson, Arthur, 228
Davidson, Walter, 228
Daviel, Jacques, 93
Davis. William Morris, 208
Davisson, Clinton JosePh, 262
Davy,  Humphry,  101 ,  l17,  122-24
Dawson, Charles,242
de Baillou, Guillaume, 54
Debierne. Ande-Louis, 222
Debye, Peter Joseph William, 241 ,249,256' 258
Debye-Huckel equations (cHEM), 256
Decker, George,324
Dedekind, J. W. R., 186
Dedekind cut (MArH), 186
de Duve, Christian Rene, 314
De Forest ,  Lee,233,249
de Groot. Mart, 384
'de Hevesy, Georg C., 256
Deils-Alder reaction or diene synthesis (cHEM)'

265
Delafontaine, Marc, 194
de la Val l€e-Poussin,  C.  J. ,218
Delbr0ck, Max,294
de L'Hospital, Michel, 80
d'Elhuyar, Fausto, 105
Deligne, Pierre, 1 68, 348
della Porta, Giambattista, 5l -52, 55
De'Luzzi, Mondino, I 1, 38
Demargay, Eugene-Anat ole, 22 5
Democr i tus,  12-13
de Morveau, Louis-Bernard Guyton, 1 14
Dempster, Arthur leftreY, 27 5
Dennett. Daniel c.. 383
Densities, tables of sPecific, 33
Dentistry, 128,154
Dentists registration, 194
DePaolo,  D.  J. ,  381

Desaga, c., 165
Desargues, Girard, 67
Descartes, Rene, 57, 66-67
Desmarest, Nicolas, 97, l l l
de Ulloa. Anbnio, 87
Deuterium (heavY hYdrogen)' 270
Deuterium oxide (heavy water),272
Deutsch. Helen, 291
de Vries, Hu$o, 225, 225, 233
Dewar, James, 2O8, 21 4, 221 -22

Dewey, Melvil, 191
Dewey decimal system, 191
d'Herelle. Felix Hubert, 246
Diamagnetism, 154
Diamonds, synthetic, 3l 4, 377
Diastase. 144
Dibble,  Harold L. ,367
Dick, Albert Blake, 190
D ickson ,  W.  R .  L . ,212
Diderik van der Waals, Johannes, 187
Diderot, Denis,93
Diels. Otto Paul Flermann,263
Diesel, Rudolf, 21 6, 244
Differential gear, 124
Diffraction grating, 1 5 I
Digesfion, 105
Dillehay, Tom,571
Dinosaurs.  108,  130,  134-36,145'  150'  164'  166'

169 .  181 ,  184 ,  191 ,  193 ,  205-6 ,  209 ,  220 ,  229 ,
235, 237, 239, 245, 255, 260, 266, 284, 325,
328. 357, 354-55, 370, 37 5, 387

Diode thermionic valve, 230
Diophantine equadons, 24
Diphtheria: antitoxin, 219; bacillus, 2O2
Dipole moment concePt (CHEM), 241
Dirac, Paul Adrien Maurice, 261' 268' 271-72'

280
Dirichlet, Peter Gustav Lejeune, 122
Dirichlet principle (MArH), 122
Dirichlet series (MArH), 122
Dirichlet's theorem (ueru), 122
Dirigible, 162, 187 ,220,279: frrst commercial

fl ight, 238;with helium, 254
Disease, germ theory of,175
Diseases: Addison's disease, 165; Alzheimer's

disease, 241,382,386; anorexia nervosa, 1 85;
antipyrine, 200; aphasia, I 35; arteriosclerosis,
120; autism, 289; Bell 's palsy, 1 19; bubonic
plague, 38,40: chorea (dancing mania), 78;
congenital spina bufida, 189; cystic fibrosis,
375: diabetes, 168; Duchenne's disease, 190;
Epstein-Barr virus, 360; gonorrhea' 195;
Graves's disease, 146; hemophilia' l2O:
hepatitis B virus, 351; Huntington's chorea,
187; Kaposi's sarcoma, 187; Legionnaires'
disease, 351 ; leukemia, 170: Lou Gehrig's
disease, 388, Malaria, 72; measles, 641
Menidre's disease, I 75; meningoccal
meningitis, 195; multiple sclerosis, 375;
myasthenia gravis, 194; nephritis' 137; occu-
pational diseases, 82, l jzi osteoarthritis, 171'
378; peritonitis, 120; pernicious anemia, 159;
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Pick's disease, 215; Pott's disease, 98; puerperal
sepsis (childbed fever), 157; rheumaric fever,
103; rubella virus, 326: scarlet fever, 64; scurvy,
60, 9l; sickle cell anemia, 254; Stokes-Adams
syndrome, t 57; Tay-Sachs disease, 198; teranus
bacillus, 202; tuberculosis, 200, Z0Z, 235, 3O9:
typhoid, 166; ryphus, 44, 236:whooping cough,
54. See also AIDS; Cancer; Cholera; Diphtheria;
Parkinson's disease; Schizophrenia; Smallpox;
Syphilis

Disney, Wah,239
Dissection: animal, 24; human, I I, 18. 44
Dix, Dororhea, l5l
DNA (deoxyribonucleic acid), 310, 3j2, 3SB, j6j
DNA fingerprinting, 571, 385
Ddbereiner, Johann Wolfgang, 1i5
Dobson, Matthew, 102
Dobzhansky, Theodosius, 266
Doisy, Edward Adelbert, 265
Dollard, John, 305
Dollo, Louis.200
Domagk, Gerhard, 270, 27 5
Domberger, Walter, 27O, 295
Donaldson, Simon, 356
Doolitrle, James, 265
Doppler, Christian Johann, l5l
Doppler effecr (PHYS), 151
Doppler-Fizeau effect (ASrRo), 159, lBz
d'Oresme, Nicole, 58
Dorn, Friedrich Ernst. 225
Dotter, Charles, 557
Dougf ass, Andrew Ellicot, 252
Douglass, Earl,237
Drake, Francis, 54
Drake, Frank,324
Draper, Henry, 186
Draper, John W., 158
Drew, Charles, 287
Dreyer, Johann L. E.,206
Drugs: antibacterial, 1 33, 5O9 ; antibiorics, ZBZ,

297, 299-30O, 5O9; antidepressanr, Prozac,
371 ; antipsychotic, Chlorpromazine (Thorazine),
515: antiviral to block influenza, 534: barbitol.
228; beta-andrenergic blocking agenr, 52 8;
corrisone, 245; digitalis, 107; haloperidol
(Haldol), 521 ; Hspx1i1, 278: heroin ,222; iodine,
I5l ; laudanum, 49; l ibrium, 325; l ithium
(antimanic), 504; mercury (treatmenr for
syphilis), 49: morphine, 122; opium , 64, 122:
penicillin, 264, 282i Prontosil,' 270; quinine,
291: Reserpine, 305; sulfonamide, 275;
Tagamet, 550; tricylic antidepressants, j05;
val ium,529

Dry ice, 146
Dubois, Marie Eugene, 209
Dubois, Raphael,205
Dubos, RendJules, 282
Duchenne, Guillaume, I 90
Duden, P. ,245
Dudrick, Stanley, 35 I
Du Fay, Charles-Frangois de Cistern ay, 87 , 9l
Duggar, Benjamin,500

Duhamel du Monceau, Henri-Louis, 87
Dulbecco, Renaro,549
Dumas, Jean-Baprisre-Andri, 136, | 5i
Dumont, Louis,342
Dunant, Jean-Henri, l7 6, 219
Dunham. T. .270
Durand, Peter.124
Durkheim, Emi le,  206,  214,22O,242
Dutton, Clarence Edward, 2OO, 2OB

du Vigneaud, Vincenr, 288,312
Dyes, 6, 166,225',lndanthrene blue, 225: indigo.

34,89: fftduVe; 166; Tyrian purple, 9
Dynamite, 182,219
Dynamo, 142,182,192

E
Earhart, Amelia.264
Earth: circumierence, l9-20,77; density, 86,

I  14;  d iameter,  19,  74,77:  d istance f rom the
sun, 69, 177; formatidn theory, l0; mass, 86,
I  14,  rotar ion,  l6 l ,236

Eastman, George,207
Easton, David,5l2
Ebbinghaus, Herman, 203-4
Ebers papyrus, I 86
Eckert, John Presper, 296
Ecology: biogeographical equilibrium, 335:

ecological niche, 5l 8; and environmental
concerns, 523

Economic theory, 102,266, 277,352
Eddington, Arthur Stanley, 251, 255
Eddy,  John A.,34O
Edison, Thomas Alva, 190, 193-94, 196-97, 2Ol,

206.2t2
Edison effect (pxvs), 201,224
Education, 7 1, 96: Academy (Athens), 14, 26-27 :

new math. 325
Edwards, Robert, 354
Efremov, 1.,284
Egyprology, l52
Ehrlich, Paul, I 64, 2O3. 238
Eijkman, Christian, 242
Eilenberg, Samuel, 314
Einstein, Albert, 79, 195, 2O5, 228, 231, 248,

257 .283
Ekeberg, Anders G., I l9
Eldredge, Niles, 545
Electric clothes washer, 254
Electric generator, 142
Electricity, 86-87, 102; alrernaring currenr, 214;

lightning, 93; from nuclear power, 308
Electric motor, 142
Electric ovens, 212
Electric self-starter, 24 I
Electrochemistry,122
Electrolysis, 143
Electromagnet, 133, 140
Electromagnetic induction, I 42
Electromagnetic mass, I 99
Electromagnetic spectrum, I 80
Electromagnetism, l3l-32, 180; mathematical

theory of, 159
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Electrometer, 97
Elecrron, 24O, 3O5: charge, 222: diffraction, 262:

mass, 220; orbit model, 246: radio tube, 230
Efectron runneling, concept of ,264
Electrophoresis technique, 267, 278
Electroplating, 1 17
Electroweak theory (?Hys), 338, 362
Elements, geochemical classification, 252
Elements discovered: actinium, 222: aluminum,

134; americium, 290: antimony, 57; argon,
214: astatine, 285; barium , l0l , 123:
berkelium, 302; beryllium, 1 14; bismuth, 57,
95; boron, 125: cadmium, 128; calcium, 125;
californium, 306: certium, 120; cesium, I 72;
chlorine, lDl , 124: chromium, 1 l5; cobalt, 87;
curium, 290; dysprosium, 204; einsteinium,
308; element '106," 347i element"lOT," 358i
elemenr "108,"  560,  363;  e lement '1109,"  560;
erbium, 152; europium, 225; fermium, 310;
fluorine,204; francium, 282; gadolinium, 204;
gallium, 189; germanium, 2O4: hafnium, 256:
hahnium, 342; helium, 183,216: holmium,
1 94; hydrogen, 97; indium, 176; iodine, 124:
iridium, I 20; krypton, 221 : lanthanum, I 48;
lawrencium, 526; l ithium, 128; lutetium, 232;
magnesium, 123; manganese, 101;
mendelevium, 3 I 4; molybdenum, I 03;
neodymium, 203i neon,22l; neptunium, 285;
nickel, 92: niobium, I l8: nitrogen,99;
nobelium, 519; osmium, 120; oxygen, I 0l ;
palladium, 120; phosphorus, 74; platinum, 87;
plutonium, 285; polonium, 221; potassium,
1 22; praseodymium, 205: promethium, 297 ;
protactinium, 249; radium, 221, 24O: radon,
225; rhenium, 258: rhodium, 120; rubidium,
172; ruthenium, 155; rutherfordium, 339;
samarium, 194; scandium, 195; selenium, 128;
sil icon, 154; sodium, 122; strontium, 123:
tantalum, I 19; technetium, 278; tellurium, 106,
terbium, 152; thall ium, 174; thorium, 159;
thulium, I 95; titanium, I 10; tungsten, 105;
uranium, 109; vanadium, 140; xenon, 221 ;
ytterbium, 235; yttrium, | 12, 152;
zirconium, 109

Elements (Euclid), 17, 34
Elevator, 162,168
Elford, William Joseph, 269
Elion, Gertrude Belle, 501 ,382
Elliptic functions, theory of (MArH), 137
El l is ,  Albert ,  314
Ellis, Havelock. 222
el-Malakh, Kamal, 512
Elton, Charles, 262
Elvehjem, Conrad Arnold, 278
Embolism, 170
Embryology, 75, 156,275
Emotion, theories of , 197,248,307
Empedocles of Acragas (Agrigenrum) , 12,93
Encke, Johann, 1 28
Enders; John Franklin, 299
Endorphins,54T
Energy, physical concept of,123
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Engels, Friedrich, 182
Engines: diesel, 2l 6; four-cycle, 191 ; internal-

combustion, 174, l9l; jet, 268, 516; Wankel
rotary, 319. See also Sfeam engine

Enzymes, 260,353
Edwos. Roland. 2l l
Epic of Gilgamesh, T,149,185
Epidemiology, 160
Epsom salts, 80
Epsrein, Michael,560
Equinoxes,  19,50
Eratosthenes of Cyrene, 19,77
Erb, Wilhelm, I94
Erie Canal. l3l, 134
Erikson. Erik H., 306
Erlanger, Joseph, 255
Ethics, medical, 8,23, 179
Ethnocentrism, 254
Erhyl alcohol, I 15
Etler, Dennis, 587
Euclid, 17
Eudoxus ofCnidus, 15, l5
Euler, Leonhard, 85, 85, 87, 90-91, 95, l12
Evans, Arthur lohn,225
Evans, Oliver, 104, 108
Evans-Pritchard, Edward Evan, 285
Evenson, Kenneth M., 345
Evolution, theories of, 96, 99;biological, 153;

education, 258, 373: Lamarckism, I 23; natural
select ion,  124,  170-71,  177,  184,  258,267:
punctuated equilibrium, 545

Ewen, Harold lrving, 290, 507
Ewing, Maurice, 297, 3l I
Explorers:  Afr ica,  112,  137,  150,  168,  191,  208;

Antartic, l3l,24O: Baffin Island, 53; Canary
Islands, 58; Central America, 46; Greenland, 31,
55; Lewis and Clark expedition, l?O, 122;
North America, 46, 49, 62; North Pole, 236i
Northwest passage, 228; Rocky Mountains, 89i
Siberia, 54; South America, 49; South Pole,228:
Timbuktu, 137; Vikings, 34

Explosive nitroglycerine, I 56
Exffasensory perception (ESP), 263
Eyde, Samuel,227
Eyes: astigmatism, I l8; cataracts, cure for, 93;

contact  lenses,  193;  g lasses,  35,4l ,  106,173;
Snellen eye chart, 176

F
Fabrici. Girolamo, 65
Fabricius, David, 55, 67
Fabricius, Johann Christian, 102
Fabricius, Johannes, 60
Fabry, Charles, 243
Fahlberg, Constantine, I 95
Fahrenheit, Daniel Gabriel, 84-85
Fairbanks, Thaddeus, I 41
Fajans, Kasimir, 243
Fallopian tubes, 5l
Fallopius, Gabriel, 5l
False Geber, 57
Fankland, Edward, 161
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Fanon, Frantz Omar. 509
Faraday, Michael, 86, 132-54, 137, 142-44, 142,

154,  165
Favaloro, Ren€.336
Fax machine, 352
Fechner, Gustav, 1 13, 247
Feigenbaum, Mitchell J., 550
Feigenbaum's number (MArH), 350
Felr, Dorr Eugene, 206
Feming, John Ambrose, 230
Fermat, Pierre de, 56, 58, 65-67. 69-70
Fermat number, 577
Fermat's last Theorem (MArH), 58, 67: 124, 389
Fermi, Enrico, 261, 27Q, 273, 288
Fermi-Dirac statistics (pHys), 261
Fermions. 261
Ferrel, Will iam, 198
Fersman, Alexander Eugenevic, 265
Fertility, treatment of, 105
Fertil ization, 189; in vitro,354
Festinger, Leon,319
Feuerbach, Karl Wilhelm, 137
Feynman, Richard Phillips, 301
Fiberglass,23l
Fiber optics, 342
Fick, A. E., 193
Field, Benjamin,177
Field, Cyrus West, 182
Field theory (PsYcH), 291
Fingerprints, 204
Fink. Uwe, 356
Finley, James" 1 15
Fire,  1,  3
First aid, first book on,66
Fischer, Edmond H.,3O4
Fischer, Emit Hermann, 202
Fischer, Tobias, 590
Fishbach, Ephraim, 369
Fisher, Ronald,267
Fitch, Val Logsden,352
FitzGerald, George Francis, 21 2
FitzGerald contraction (pH\s), 2 | 2, 21 7
Five-kingdom classification of living things, 558
Fizeau, Armand,Hippolyte-Louis, 1 59-60
Flame test (CHEM), 95
Flamsteed, John, 76, 85
Flash bulb. 268
Fleming, Alexander, 254, 264
Fleming, Williamina Paton, 209
Fletcher, Alice Cunnlngham, 24 1
Floral essences extraction, I 87
Florey, Howard, 264, 282

' Flourens, Marie-Jean-Pierre, 147
Flourens, Marie-Jean Baptiste, 1 52
Flush toilet, 102
Flying, 23O, 238,257; instrument-guided, 265
Focke, Heinrich, 280
Food: deep-freezing process, 260, irradiating,

257 ; margarine, 1 84; orange juice, f.r ozen, 293 :
preservatives, 313; pure food laws, 185; shelf
life extension, 226; soy protein foodstuffs, 319;
tinned, 127; vacuum packaging, 121

Food chain, 210
Forbes, Edward, 155
Ford, Henry, 21 4, 228, 256
Forel ,  F.  A. ,225
Forks, 32
Forssmann, Werner, 288
Fossey, Diane,364
Fossils, 74, 80, 89, 1 17, 336, 390: early human,

2O9, 262,  331,  368,  372,  587 :  hominids,  32 l ,
359; itlustrations, 52; Triassic system of
dating, 145

Foucault, Jean-Bernard-Leon, I 60-63
Four-dimensional spaces, 556
Fourier, Jean-Bapdste-Joseph, 1 23, 1 35
Fourier series, 125
Fourier's theorem (MArH), 125, 133
Fournier, Pierre Simon, 97
Fowler.  R.  H. .264
Fox, Sidney, 571
Fracastoro, Girolamo, 48, 50
Fraenkef -Con r at, Heinz, 32 4
Franck, james, 246
Frank,  I Iya M.,273
Frankl, Viktor, 521
Frankland, Edward, 161
Frankl in,  Benjamin,  86,  90-91 ,93,97,  106
Franklin stove. 90
Frasch, Hetman,226
Frazer, James George, 209, 259
Fr€chet, Maurice, 252, 235
Freedman. Mike.356
Free radicals, 225
Frege, Gortlob, 2OZ, 227
Freon,267,270
Freud, Anna, 297,353
Freud, Sigmund, 166,  189,  202,  217,  235,  239,

244' 
Friedman, Herbert, 319, 532
Friedman, Meyer, 340
Friedman, Milton,552
Friedmann, Alexander Alexandrovich, 254, 262
Frisch. Otro Robert. 283
Frobisher. Martin. 55
Fromm, Erich,274
Frosch, Paul,221
Fuchs, Leonhard,44, 49
Fukui, Saburo, 321
Fulton, Robert, 117, 120, 123
Funk, Casimir, 242

G
Gabor, Dennis, 297
Gadolin, Johan, l12, 152
Gahn, Johan Gottl ieb, 1 01
Galaxies, 60, 26A, 358, 364, 373, 39O; Seyfert

galaxies,  29O,316
Galen, Claudius,24,46
Galileo Galilei, 51 -55, 58-60, 67-68: heliocentric

theory and Roman Catholic church, 52,55,
61-62,66,  132,  145

6al l ,  FranzJoseph, 112,  124,144
Galle, Johann Gottfried, 155
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Gallo, Robert,363
Gallup, George,276
Galois, Evariste, 141, 143
Galton, Francis, 176, 184,2OO,204
Galvanometer, 152
Galvin, PauL275
Game theory,263,291
Gamma rays, 180,224
Gamow, George, 264, 266, 302, 312
Ganser, Sigbert, 220
Ganser's syndrome (PsYcH), 220
Garrod, Alfred, 1 71
Gases: atmospheric, 94; kinetic theory of , 172;

liquetying, 106, 192,216; poisonous, 127 ,248
Gas laws, modification, 187
Gasoline: anriknock additive, 254; production,

2 4 2 , 2 7 7
Gasser, Herbert, 255
Gas stove, 137
Gates, William Henry, IlI,350
Gatling, Richard Jordan, 175
Gauss, Carl Friedrich, 112-13, 1 I 5, I 1 7-18, 137
Gauze, G. F. ,266
Gay-Lussac, Joseph-Louis, lO7, 119-20, 123, 127,

r 3 4 , 1 4 1
Gay-Lussac law (pnYs), l19,123
Geertz, Clifford. 347
Geiger, Johannes Hans Wilhelm, 232, 236, 244
Geiger counter,236
Geiger-Mriller counter, 264
Geissler, Johann Heinrich Wilhelm, 165
Geissler tube. 165
Gelfond, Aleksander O., 273
Gelfond's theorem (MArH\, 27 3
Gell-Mann, Murray, 31 1, 326, 331, 545
Genes, 353; human gene transfer, 3731 mutation,

265; photograph,3O2: and sexual orientation,
379; and weight gain,378

Generic epistomology, 255
Genetics: alternative theory of, 300; and natural

selection evolution, 266; population genetics,
255

Genome,553
Geochemical migration of the elements,265
Geologic time chart, I 16

ceometry, I 62; analycical, 57 , 66: deductive, l0;
elementary differential, 1 12; Indian, I 1; non-
Euclidean, 137, 163i principle of duality, 137;
projective, 133; pure, 120; solid analytic, I l2

Geomorphology, 2O8
Georgi, Howard,548
Gerard of Cremona, 33-34
Gergonne, joseph-Diez, 124, 137
Germain, Sophie, 124, 128
Germain's theorem (MATH), 124
German. Gordon Allen, 554
Gesell, Arnold, 284
Gesner, Abraham, 162
Gesner, Conrad von, 52
Ghiorso,  Albert ,  308,  5 l  0,314,  319,326,359,

342

ciauque, William Francis, 258, 265, 272, 275
Gibbon, John, Jr., 5l 1
Gibbs, Josiah Willard, 191, 196
Gifford, Walter,263
Gilbert, Walter, 536
Gilbert, Will iam,57
Gilbson, James J., 307
Giles of Rome, 56
Glaser, Donald Arthur, 31 I
Glashow, Sheldon Lee, 352, 338, 348
Glass, 7i 89 , 172i clear , 37 ; glassblowing, 20;

mirrors, 78; Pyrex, 248; windows,34,78
Glauber, Johann Rudolf, 65,70
Glendenin.  L.  E. ,297
Glidden, Carlos G., 185
Glucose. 125
Gluons, 355
Glutathione,253
Glycerine, 105
Goddard, Robert H., 251, 261, 27 6
G0del, Kurt, 270
Gddel's proof ,270
Gddel's theorem (MArH), 223
Godfrey, Thomas, 86
Goeddel, David,375
Goeze, Johann Melchior, 104
Gold, Thomas,298,338
Goldbach, Christian, 90
Goldbach's conjecture (MArH), 90
Goldhaber, Mawice,274
Goldschmidt, Johann, 222
Goldschmidt, Victor, 260
Goldstein, Eugen, 191, 204
Goldstone, Jeffrey, 327
Goldstone's theorem (PHYI\, 327
Golgi, Camillo, 1 87, 2O8
Gomberg, Moses,223
Goodall, lane,343
Coodman, Sylvan, 279
Goodpasture, Ernest, 269
Goodyear, Charles, 149
Goudsmit, Samuel Abraham, 258
Gould, Stephen Jay, 345,373
Grafting: skin, 183; tissue,89
Graham, Thomas, 140, 174
Graham's law (law of gaseous diffusion), 140
Grain grinding, I 08, | 44: flour producrion, I 04,

1 0 8 , 1 8 9
Gram, Hans ChristianJ., 201
Grand Unified Theory (GUT) (pHys), 347-48
Graphite manufacturin g, 21 9 .
Graves. Robert, 146
Gravitational constant, 86, I 14
Gravitation law, 68, 79
Gravity, law of specific, 17
Gray, Henry, 169
Gray, Stephen, 86
Gray, Will iam,209
Green, George, 139
Greenberg, Joseph H., 568
Greenhouse effect, I 76, 372: global warming,

3 2 3 , 5 7 7
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Gregg,John Robert,208
Gregor, Will iam, 1 l0
cregory, James,72,74
Gregory's series (uerH), 74
Grew, Nehemiah, 77,80
Griesinger, Wilhelm, ! 54
Griess, Robert, Jr., 357
Grignard, Victor,225
Grignard reagents, 225
Grimm,Jakob, 133
Grimm's law (SOC), 155
Grinnell, Joseph,234
Grocery shopping caft, 279
Grove, William Robert, 148
Guldberg, Cato Maximilian, 182, 191
Gulf Sream, 165
Gull, Sir Will iam, 185
Gun cotton, 154
Gunpowder, 25, 32, 35, 41
Guppy, Henry,232
Gurden, John B., 335
Gutenberg, Beno,245
Gutenberg, Johannes, 50, 4 l
Gutenberg disconrinuiry (EARTH), 245
Guth, Alan, 352,358
Guthrie, Samuel, 142
Gyrocompass, 236
Gyroscope, 1 62

H
Haas, Earl, 277
Haber, Fritz.235
Hachette, Jean-N.-P., 1 12
Hadamard, Jacques, 218
Hadley, John, 86
Hadrons, 3O5,331; Eightfold Way of classifying,

3 2 6 - 2 7 , 3 3 1 - 3 2
Haeckel, Ernst, 180-81
Hahn, orro, 249, 280,282-83
Haier, Richard,372
Haldane, J. B. S., 212, 270
Hale, George Ellery, 219, 234, 249, 251, 298
Hale,  Wi l l iam,255
Hall, Charles Martin. 205
Hall, Edwin H.. 195
Hall, G. Stanley, 200
Hall effect (PHYS), 195
Halley, Edmund, 76-78,80, 83-84, 95-96
Halley's Comet, 19, 32, 42, 77, 83, 95, 355, 368
Hamilton, Will iam Rowan, 1 1 l, 134, 139, 152
Hamilton, Will iam Donald,33 1
Handyside, Alan,378
Hansen, James E.,372
Hansen, Matthew,236
Hansom, Joseph Aloysius, 145
Harder,. Delmar, 296
Hardy, Godfrey H., 235, 249
Hardy-Weinberg law (BIo), 23 5
Hargreaves, James, 99
Harkins, William Draper, 247
Harley, Will iam, 228
Harlow, Harry F.,32Q
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Harriot, Thomas, 60,65
Harrison, John, 87
Harrison, Ross Granville, 233
Hartley, David, 92
Hartley.Bracewell algorithm (Hartley transform)

(uarH), 360
Hartmann, Johannes Franz, 228
Harvey, Will iam, 51, 54, 62, 65, 69, 7 1
Hatcher, John Bell, 206
Hatchett, Charles, I 18
Hauksbee. Francis. 83
Hausdorff, Felix, 245
Hawking, Stephen Will iam, 341,343
Hawkins, joel, 381
Hawksworth, David,380
Hawthorne experiments, 266
Hayes, Georges, I 75
Hazen. Elizabeth,299
Healy, Will iam, 257
Heat,95-96,  104,  l l4
Heaviside, Oliver,227
Heaviside-Kennelly layer (E-layer) (EARTH), 227

. Hebard, Arthur,381
Heezen, Bruce Charles, Sl I
Heider, Fritz,320
Heisenberg, Werner Karl, 1 26, 258, 261 -62, 27 l
Heitler, Wa\ter,263
Heliometer. 147
Hel ium, 235,275
Heller. Adam, 359
Hench, Phill ip, 245
Henderson, Lawrence Joseph, 226
Henry, Joseph, l4O, 142
Henry, Will iam, I l9
Henry's law (PHYS), 1 l9
Henry the Navigator, 40, 42
Herba ls ,  6 ,15 ,21 ,  56 ,  80
Herbert, George,254
Herbig, Georg, 308
Herculanum, 22, 55: excavation. 88, 239
Heredity, 223, 246; chromosomes and, 227 -28,

272; DNA (deoxyribonucleic acid), 290; germ
plasm theory of , 212: Mendel's laws, 180;
nonchromosomal inheritan ce, 329 ; sex.linked,
238

Hero (Heron) of Alexandria,2l-22
Heroult, Paul-Louis-Toussaint, 205
Herrick, lames,254
Herr ing,  W. C.,283
Herschel ,  John,  l  27,  131,  145,206
Hersche l ,  W i l l i am,  104-8 ,  110 ,  117 ,119 , l2 l ,

124.  150,231
Hershey, Alfred Day, 292,294
Hertszprung-Russell diagram (AsrRo), 240
Hefiz, Gustav,246
Hertz, Heinrich Rudolph, | 18, 2O5, 2O7
Hertzsprung, Ejnar, 234, 240, 245
Herzog, Maurice, 506
Hess, Germain Henri, 149
Hess,  Henry H.,325
Hess,  j . ,  245

, Hess, Yictor Franz,24l
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Hess's law (law of constant heat summation), 149
Hevesy, Georg Carl de,25O
Hewitt, Peter Cooper, 226
Heyerdahl, Thor, 339
Heyrovsky, Jaroslav, 250, 286
Hicks, John Braxton, 182
Higgs, Peter,352
High-vacuum tube,243
Hilbert, David, 222-23, 243, 255
Hill, Andrew, 364,387
Hi l lary,  Edmund P.,511
Hilleman, Maurice,356
Hillier, James,279
Hillman, Will iam, 185
Hipparchus,166
Hipparchus of Nicaea, l9-20
Hippias,  13,  l5
Hippocrates,  12-13,48
Hisinger, Wilhelm, 120
Histochemistry, 127
Hitchcoclt, Edward 8., 159
Hjelm, PeterJacob, 103
Hoagland, Mahlon Bush, 516
Hobbes, Thomas, 70. 78
Hodgkin, Dorothy Crowfoot, 3Ol ,5O4
Hodgkin, Thomas, 145
Hodgkin's disease, 145
Hoe, Richard, 156, 185
Hoff  ,Ted,542 ,
Hoffman, Albert.289
Holland, Clifton,263
Holland, John Phill ip, 224
Hollerith, Herman,210
Holmes, Arthur,277
Holmes, Oliver Wendell152, 157
Holography,297
Holt, Benjamin,224
Homberg, William, 82
Home video recorder, 350
Hominid skeleton.348
Homo erectus, l, 249, 262
Homo erectus skeleton, 564
Homo sapiens, I
Homo sapiens sapiens, 572
Homosexuality. See Sexual orientation
Hong-Yee Chiu,529
Hooke, Robert, 70, 72-73, 76-77
Hooke's law (PHYS), 76
Hookworm, 104
Hopkins, Frederick Gowland, 242, 253
Hoppe-Seyler, Ernst Felix, 175, 192
Hormones, 234, 245, 27 3, esrrogen replacement,

382; sex, 249,265,268; symparhin, 270:
synthesizing, 312,342

Horner, John R., 554-55, 389
Horney, Karen,278
Horse collar. 31
Horseshoes, iron, 29
Hospitals, 25, 47 , 87 ,92, '125, 209
Houck, James R., 364
Houdry, EugEne,277
Hounsfield, Godfrey, 346

Houston, David Henderson, 199
Howard, H. Eliot,252
Howe, Elias, 152, 156, l6l
Howe floater, 192
Hoyle, Fred,290,298
Hubbard, William 8., 358, 362
Hubble. Edwin Powell, 257, 260, 265
Hubble's law (AsrRo), 265, 280
Hubel, David Hunter, 324
Huckel, Erich, 256
Huffman, Donald,377
Huggins, will iam, 17 5, 182
Hughes, Howard,297
Humans, early ancestors, 209, 262,331 ,348,

568, 372, 587; Clovis culture, 2, 3O8, 569i
Cro-Magnon, I , 185; Homo erectus, l,564;
Neanderthal, | 66-67, 196, 235, 359, 37 5

Hume, David, 78,89
Hunt, Walter, 159
Huntington, George Sumner, 187
Hutchinson, G. Evelyn, 318
Hurron, James, 1l1-12, 126
Huxley, Thomas Henry, 167, 176, l8l
Huygens, Christiaan, 70, 7 5-76, 83
Hydra,88-89
Hydraulic crane, 154
Hydrochloric acid, 57, 65, 102
Hydrodynamics, 67,93
Hydrogen, 86; atom, 255; liquified, 221; metallike

phase, 37 4: solid,222
Hydrogen chloride, 99
Hydrogen peroxide, 150
Hydrogen sulfide, 108
Hydrometer,98
Hydrostatics,54
Hyman, A..S., 271
Hyperons, 305, 3l I
Hypnosis, 151, 32O

I
Ice ages, theory of, 150,374
Ice cream, 52
fchikawa. R..246
Immunology,25l
lncas, 49,241
Induction coil (pHYS), 165
Inductive method, 64
lnfrared radiation, 117, 160, 180, 205
Ingsrad, Helge,524
Innes, Robert, 246
f nsecticides, 25; bioinsecti cide, 564 : DDT, 282, 345
lnsecrs; classification, 77, 102: history, 87; pest

control, 5O4,3O7
lnstincts, theory of, 235
Insulin, 253 , 3O8, 360
Integration, cheory of (MAIH),227
f ntell igence, 567,372
Intell igence tesm, 251; Binet-Simon scale, 241;

Stanford-Binet Scale, 250; Wechsler tests, 219,
289,504

Interferometet, 199
Interferometry,349
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Interferon (antiviral protein), 5l 8
Introns,356
Intuitionism, rheory of (MArH), 243
Ionic dissociation, theory of (cnervr), 202
Iron,9; for anemia, 64, production, 69, 83, 105,

139,  143,  146
Isaacs, Alick.518
Isomers. 154
Isomorphism rule (EARTH), 260
Isotactic polymers, 31 1
Isotopes, 259
Ives, Frederick Eugene, 205

J
Jackson, John,214
Jacob, Frangois,333
Jacobi, Carl Gustav, 157
Jacquard, Joseph-Marie, I 19
Jacuzzi whirling b ath, 33 I
Jahn ,  H .  A . ,278
Jahn-Teller effect (pHvs), 278
James, Huberr,272
James, Will iam, 1 51, 197, 2O2, 2O9, 222
Janet, Pierre Marie Felix, 225"
Jansky, Karl G., 268,272
Janssen, Pierre.Jules-Cesar, I 85
Jasper, Herbert, 285
Jeans, James Hopwood, 224, 250, 27 5
Jeffreys, Harold, 250, 27 5
jenney, William LeBaron, 204
Jennison, Roger, 349
Jensen, Johannes Hans Daniel, 300
Jet stream, 285
Jex-Blake, Sophia Louisa, 188
Jobs, Steve, 349, 552-53
Johannsen, Wilhelm L., 236
Johanson, Donald, 348,368, 390
Johnson, Virginia,334
Joliot-Curie, Frederic, 27 3
Joliot-Curie, lrdne, 273, 301
Jones, Sir William, 99
Jose, Juan, I 05
Josephson, B.  D. ,328
Josephson effects (PHYS), 328
Jost's law, 160
Joule, James P., 1 18, 150, 152, 157, 162
Joule's laws (PHYS), 150
Joule-Thomson effect, I 62
J-Psiparticle, 348
Judkins, Melvin,537
Judson, Whitcomb L., 21 4, 257
Jung, Cart Gustav, 189,244
Junine, C. G., 95
Jupiter, 59 -60, 7 2, 1 05, 2 1 2, 228, 27 5, 547 ; radio

emissions from, 51 4; space exploration,
346-47 , 354, 168, 575, 584

Justeson, John S., 387

K
Kaas, Jon, 356
Kalokairinos, M., 197
Kamen, Martin David, 285, 296

Kanner, Leo,289
Kant, lmmanuel ,93,  104
Kaons ,309 ,3 l l
Kaposi, Moritz K., 187
Kapteyn, Jacobus Cornelis, 231
Kastler, Alfred, 306
Kaufman, Terrence, 587
Keesom, Willem Hendrik, 255
Kei l in,  David,257,282
Kekule von Stradonitz, Friedrich August, 168,

173-74 .  t77
Keller, Gottlob,154
Kel ly ,  George,314
Kelvin, Lard. See Thomson, William
Kelvin scale, 159
Kendall. Edward.245
Kendrew, John, 317
Kennelly, Arthur Edwin, 227
Kepler, Johannes, 57 -58, 60, 63, 65, 369:

heliocentric theory and Roman Catholic
church ,  65 ,132 ,145

Kerr,John, l89
Kerr effect (PHYS), 189
Kerst, Donald Will iam, 285
Kesselring, Ulrich, 232
Ketter ing,  C.  F. ,241
Ketzbach, John E.,574
Keynes, John Maynard, 266, 277
Kibble,  Tom,550
Kilby,lack,322
Kinesthesis. I 15
Kinetograph camera, 212
Kinetoscope viewer, 212, 217
King, Charles, 271
King, Clarence, 186, 195
King, Samuel Archer, 174
King, Thomas J., 308, 31 0
Kinsey, Alfred C.,297
Kipping, Frederick Stanley, 229
Kirchhoff, Gottl ieb Sigismund Constantin, 125
Kirchhoff, Gustav Robert, 170, 172, 174
Kirkwood, Daniel, 179
Kirkwood gaps (AsrRo), 179
Klaproth, Mardn Heinrich, 1O9,12O
Klaus, Karl K., 153
Klein, Melanie, 2OO, 272
Kleinschmidt, Edward E., 246
Kline, Nathan,505
K-meson. 3Q9,3l l
Knipling, Edward, 307
Knitting machines, 55
Koch, Robert, 191,200
Koch's postulates or laws (MED), 200
Koffa, Kurt, 239
Kcihler, wolfgang, 239
Koldewy, Roben,222
Kolff, Willem,29l
K6lreuter, J. G., 96
Korh, Will iam,575
Kossel, Albrecht, 203
Kovalevskaya, Sonya (Sofya) Vasilyevna, 189,

?o2 ,208
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Kowal, Charles,347
Kramers ,  H.  A . ,278
Krdtschmer, W olf gang, 37 7

Krebs .  Edwin  G. ,304
Krebs, Hans Adolf ,  27 l ,  277

Krebs cycle (Bto), 277, 307

Kremer, Gerhard. See Mercator, Gerardus

Kroc, Raymond,3l3
Kroeber, Alfred Louis, 2O1,225

Kronberg, Arthur, 321

Kroto, Harry, 566
Kuiper, Gerard P., 290, 298, 3O2' 306

Kundt, August, 181
Kundt's tube, I 81

L

Lacail le, Nicolas L. de,247

La-Chee Tsui, 375
La€nnec, Ren€, 120, 128

Lagrange, JosePh-Louis, 1 08, 1 I 0

Lagrangian funcdon (PHYS), 108

Lamarck, Jean-Baptiste de, 117-18, 123, 127

Lamb, Willis Eugehe, 294

Lambda particle, 509

Lambert, Johann H., 95-96

Lamb shift (PHYS), 294
Land, Edwin Herbert, 272
Lande, Alfred,253
Landsteiner, Karl, 229, 287

Lange, Karl,197
Langevin, Paul,249
Langmuir, lrving, 243, 248

Langsffom, J. William, 375

Language learning,362
Languages: Anglo-Saxon grammar, I 08; Icelandic

grammar, 108; Indo-European, 5'  99, 108' 133:

Native American,368
Lanxides, 566
L a p l a c e ,  P i e r r e  S i m o n  d e ,  1 0 7 ,  1 1 0 ,  1 1 3 - 1 5 , 1 2 2 '

125-26,290
Laplace equation (ASrRo), 107

Laser ,325,347
Lashley, Karl SPencer, 265
Lassell .  Wil l iam. 155, 161
Lassen. Louis.224
Lasswell, Harold, 268
Latitude measurements, 34

Lauchen, GeorgJoachim Iserin von, 48

l-auiltz, Ssren Peter, 236
Lavoisier, Antoine-Laurent, 82, 94, 98'101' I  07'

1  09-1  0
Lawrence, Ernest Orlando, 268

Lazarus, Arnold, 320
Lead pencil, 52
Leakey, Louis,321,331
L€akey, Mary,321
Leakey, Richard, 364
Leallemard. Andre,277
Learning, theory of , 272
Least action, principle of (PHYS), 90

Leavitt ,  Henrietta, 241
Lebedev, Pyotr Nikolayevich, 212
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Le Bel, JosePh'Achille, 188

Lebesgue, Henri,227
Lebesgue measure (M^rH), 227

Le Chdtelier, Henri-Louis, 206

Leclanchd, Georges, I 82

Lecoq de Boisbaudran, Paul'Emile, 189, 194, 204

Lederberg, Joshua, 5 I 9

Lederman, Leon Max, 553

Lee, Tsung-dao,316
Legendre, Adrien-Marie, | 12' 130

Legendre functions (MArH), I 30

Leibniz, Gottfr ied Wilhelm, 75,77 '  80' 82-83

Leidy, JosePh, 166, 169

Lemaitre, Georges,262
Lenard ,  Ph i l iPP Eduard ,  213 '227

Lenoir, Jean-JosePh Etienne, I 74

Lenz. Heinrich, 146
Lenz's law (PHYS), 146

Leonard. Karl,  528
Leonardo da Vinci,  41,43-45

Leptons, 305
Le Rond d'Alembert, Jean, 90-9 1 ' 93 ' 95

Leukocytes, 200
Leukocytosis, I 70

LeVay, Simon,583
L e v e r .  I  7 - 1 8 . 3 5
Leverrier, Urbain-Jean-Joseph, | 55' 1 64

Levi-Montalcini,  Rita, 501, 508

Levi-Strauss, Claude, 504
Levitt ,  Abraham,297
Lewin. Kurt.291
Lewis, Edward,27l
Lewis, Gilbert Newton, 248, 256, 272

Lewis. Meriwether, 120

Lewis theory (CHEM), 256

Leyden jar, 90
L'Hospital's rule on indeterminate forms (uarn), 80

Libby, Willard Frank, 296

L i fe  o r ig in ,  theor ies  o f  ,252,3O9,373
Light, I  1 8, 1 30, 1 63, I  80; dif fract ion of, 72;

polarization of,123: refraction of, 63, speed of,

7 6 , 2 0 0 , 2 6 3 , 3 4 5
Light bulbs, 238,243: f luorescent, 285;

incandescent, 194, 196
Lighming rod,93
Lights: arc, 151; gas, 115, 1271 mercury-vapor

electric, 226: street, 93

Lilienthal, Otto, 21 1

Lillie, Frank l\atfi ay, 249

L i l l y ,  S imonJ. ,371
Limnology, 225
Lin, Douglas, 588
Lindbergh, Charles Augustus, 263, 277

Lindblad, Bert i l ,262
L inde.  A .  D. .358
Lindmayer, JosePh, 348
Lindow, Steve, 370
L indqu is t ,  M. ,330
Linguist ics, 249,319
Linnaeus, Carolus, 80, 87, 92

Linoleum. 174
Linsey-woolseY, 107
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Linton, Ralph,29Z
Liouville, Joseph, 146
Lippershey, Hans, 59-60
Lister, Joseph Jackson, I 40
Lister, joseph, I 79
Li Tianyuan, 387
Livingsrone, David, t 50
Locke, John, 66, 78, 85
Lockyer, Joseph Norman, lg3, 206
Lodge, Oliver Joseph, 2 l4
Loeffler, Friedrich, 2O2. 221
Loening, Grover,243
Lomonosov, Mikhail V.,90, 96
London, Fritz W olfgang, 26i
London, Heinz.328
Longitude measurements, 34, 4g
Lorentz,  Hendr ik Antoon,  ZlZ,  ZlT
Lorentz-FitzGerald contraction, 2l 7, 224. zil
Lorentz force.2l7
Lorenz, Edward N., iZ6-27
Lorenz, Ronrad,334
Loschmidt, Johann Joseph, 132, lTT
Love, Augustus, I 76
Lowe, Thaddeus Sobieski Coulincourt. 179
Lowell, Percival, 192, Z3l
LSD,289
Lull, Richard Swann, 246
Lumiere, Auguste and Louis, 2l 7
Lunar eclipses,33, 44
Lunar formarion, theory of , \94
Luria, Salvador Edward, 288,292
Lwoff, Andre-Michael. i3i
Lyceum (Athens), 16,26
Lyell, Charles , 1 40-41 , 144, 154
Lymphocyte adhesion molecules, 556
Lynen, Feodor Felix Konrad, i07
Lyot, Bernard Ferdinand, 267
Lysenko, Trof,m,267
Lysergic acid diethy lamide. See LSD
Lysomes, 514

M
Macadam, 128
MacArthur, R. H..535
MacCready, Paul,35J
Mach, Ernst, 184, 205. Z2B
Mach number (pHys), 205
Mach's principle (pHys), 184
Macintosh, Charles, 134
Mackenzie, K. R., 285
Maclaurin, Colin, 87, 92
Mafiei, Paolo,343
Magellan, Ferdinand, 47, l4S
Magnesium sulfate, 80
Magnetic effect of electric convection, l g7
Magnetic storms, 95
Magnetism, 10; tempered steet, 220
Mahler, Ernst. 250
Mail delivery, 66,86; express delivery service,

I 54; parcel pOst service, t 98; pony Express,
174; postage stamps, adhesive, 158

Malman, Theodore Harold. i25
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Maiuri, Amadeo,239
Maketa, Bob, SS4
Malinowski, Bronislaw, 24g
Matlet,  Robert,  160
Malpighi,  Marcel lo, 7 t ,  74-ZS, T7
Malthus, Thomas Robert, I l4
Malus, Etienne-Louis, l2i
Manchly, John William, 296
Mandelbrot, Benoit,  i50
Manson, Joseph, J85
Mantel l ,  Gideon, t3S-36, l  45
Mantoux, Charles, 2i5
Manufacturing: assembly line,244,jigs, I l4
Maps, 3, 7, I t; geologic, t 68; Mercator projection,

use of, 52; ocean, 324: satellite, j56; wejther.
7 8 , 1 5 5 ,  1 7 6

Marconi, Guglielmo, Zl B, 226
Marco Polo, i7
Marcus, P. 1.,  315
Marggraf, Andreas Sigismund, 95
Marignac, Jean-Charles de, 2O4, 2j3
Mar insky ,  J .  A . ,292
Mariotte, Edme, 7l
Mariotte's law (pHys), 71
Markov ,  A .  A . ,232
Marks, Hertha. See Ayrton, Hertha Marks
Marc, 72, 105-6, 192,386: distance from earth.

75; space explorat ion, j30, 543, 346, 350,
3 7  |  , 3 8 4

Marsden, Ernst,244
Marsh, Orhniel Charles, 184, t9S, 198,206, ZOg
Marshall ,  Alfred, 210
Mart in, Archer. 291
Martin, Arthur J. p., 3O9
Martin, Pierre Emile. 175
Marx, Karl,  182
Maser .  312.  316
Maskelyne, Nevi l ,97
Maslow, Abraham, ZZ7, iZ8
Mason, John, l  70
Mason ja r ,170
Maspero, Gaston, 198
Mass action, law of (cueu), 182
Mass spectrometer, 251
Masters, William Howell. ii4
Match: phosphorus, 142: safery, 163
Matlack, Timorhy, 108
Matrix mechanics (pHys), 258
Matrioli, Pietro Andrea, 49-50
Maunder, Edward Walter, 214,34O
Maupertuis, Pierre-Louis de, 90
Maury, Matthew Fontaine, 163,l65
Mauss, Marcel. 260
Maximum ionic density, theory of ,297
Maxwell ,  James Clerk, 165, 168, t7Z, 174,

179-80
Maxwell-Boltzmann sratisrics (pHys), I 74
Maxwell's equations (pHys), I 29, 207
Mayans, 20, 24, 31, 46, 50, t  48
Mayer, Jul ius Robert von, 152, IST
Mayer, Maria Goepperr, 500-501
Mayo, Elton,266
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Mayow, John, 75
Mazia, Daniel,323
McAdam,John, 128
McCarthy, John, 5l 6,35O
McClintock, Barbara, 3O1 ,361
McCollum, Elmer Verner,238, 254
McCormick, Cyrus Hall, 145
McCulloch, Warren, 290
McDonald. lan,320
McDougall, william, 235
McDowell, Ephraim, 124
McGraw, Myrtle B.,285
McMillan. Edwin H., 285, 292
Mead, George Herbert, 224
Mead, Margaret ,  201 ,264,276,3O1
Measurements: decimal-based system, 74;

ephemeridical unit, 306; metric system, 1 10,
525; Sumerian standard, 7; unim of, 1 18

Mechanics, 79: laws of, 75
Mechnikov, llya llich, 200
Medawar, Peter Brian, 302
Medical and surgical procedures.: amniocentesis,

3 1 8: angioplasty , 337; artifical heart, 277 , 361i
artificial insemination, 362: ardfrcial limbs, 50;
aft iflcial respirator, 27 1 : blood vessel cauteriza.
rion,263: bone mamow transplant, 557; Buck's
traction (MED), I 7 4: cardiac catheterizadon, 288;
cardiac pump,277: cardiac stimulator, 271;
chemotherapy, 1 64, 238; coronary artery
bypass, 355; electrotherapy, I 90; episiotomy,
89; gene therapy, 590t human heart transplant,
336; iridectomy, | 64; liposuction, 252: loboto-
my,276: lumpectomy, 344; magnetic reso'
nance imaging (MRl), 294,358: mammography,
245; open-heart, 31 1 ; pacemaker, artifrcial car-
diac, 27 l; Pap smear, 264; plastic surgery, 25,
57; total parenteral nutrition (TNP), 331 ; tourni-
quet, 7 5; Trendelenburg's position, I 84; trepa-
nation. 3-4. See clso Anaesthesia

Medical instruments: CAT scanner, 346;
defibrillator, 27 2; electroencephalograph (EEG),
265; hber-optic endoscope, 328; germfree
isolator, 21 6; iaparoscope, 354; iron lung, 271 ;
kidney machine, 291; laryngoscope, 164;
obstetrical forceps, 65; ophthalmoscope, I 57,
161;  stethoscope, 128

Medicine : behavioral, 3 55 : Brow nian (Brunonian)
system, 105; Chinese, 6-7, 1O; education, 18,
55, 54, 188; first reference texts, 2l , 3O, 42:
home health care,62iJews and practice of, 56;
nuclear, 294: old medical terms, 2 I 5; preven-
tive, 185, 386; regulation of the profession, 169;
women and practice of, 16, 159

MEEP (electrically conductive polymer), 363
Meissner, Walther, 273
Meissner effect (PHYs), 275
Meitner, Lise,249,283
Melloni, Macedonio, 160
Melzack, Robert,555
Memory, l6; research on,2O5
Mendel, Gregor J., 1 80, 223, 381
Mendeleyev, Dmitry lvanovich, 183, 185
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M€ni6re, Prosper, 175
Menninger, C. F.,251
Menninger, l\arl,251
Menninger, William, 25 1
Mental  pat ients t reatment,  50,81-82,  100,  117,

t  t 9 ,  134 ,  148 ,  151 ,  172 ,  205 ,  237 ,  251 ,  503
Menten, Maud Lenora, 245
Mercator. Gerardus, 52, 55
Mercator, Nicolaus, 74
Mercator's series (MATH), 74
Mercury, 13, 65, 1O5,332i space exploration,346
Mergenthaler, Ottmar, 205
Meridian photometer, 1 95
Merriam, Charles E., 260, 268
Merrifield, Bruce, 331
Merton, Robert, 239
Merzenich, Michael M., 356, 383
Mesmer, Franz Anton, 100
Mesmerism. 151
Mesons,305
Messier, Charles, 104
Meteorites, 10, 1 I l, 338
Meteorology: dynamical, 1 9 I
Meteors,  10,  I  15,  120
Method of determinants (MArH), 80
Meusnier, Jean-Baptiste, 106
Micali, Silvio,572
Michaelis, Leonor,243
Michaelis-Menten equation (SHEM), 245
Michelin, Andrd and Edouard, 216
Michelson, Albert Abraham, 1 99-200, 2O5, 252,

263
Michurin. I. V..500
Microcinematography, 270
Microfossils, 335
Micrometer,67, 72
Microprobe,3l2
Microscope: achromatic, 140; compound, 60;

double-convex, 66; electron, 272, 279; field.
emission, 279: held ion, 315; phase-contrast,
280; positron transmission, 375; scanning
electron, 542; scanning tunneling, 357,359:
single-lens, 71

Microscopical petrography, 1 87
Microwave oven, 297 -98, 336
Midgley, Thomas, Jr., 254, 267
Milgram, Stanley,305
Milk: bottles, 196; condensed, 166; fortified with

vitamin D,273i homogenized, 265
Mi l ky  Way ,  t2 ,  60 ,  107 ,251 ,25O,262 ,267 ,272 ,

3O7 -8, 364, 367, 384, 588i gamma radiation
from,337

Mill, John Stuart, 161, 172, l9O
Miller, Barry,359
Miller, Neal, 505
Miller, Stanley Lloyd, 252,3O9
Millikan, Robert Andrews, 240
Mi l ls ,  C.  Wright ,316
Mi l ls ,  Robert ,5 l5
Milne. Edward Arthur, 255
Milstein, Cdsar, 350
Mimeograph, 190

425



Mineralogy, 52; experimental petrology, I 13
Minerals: classification, 95: essential. 282
Minerogenesis, 232
Minkowski, Hermann, 235
Minocha, Subhash,564
Minos, palace, 8; excavation, l9T,2Z3
Minsky, Marvin, 31 6, 330, 367
Mitscherlich, Eilhardt, I 50
Mitscherlich's law, or law of isomorphism

(CHEM), 150
Miyamoto, Shotaro, 521
M6bius, Augusr Ferdinand, 137, 179
Mdbius srrip (MArH), 179
Moe, MichaelK. ,370
Mohn, Henr ik.  191
Mohn-Guldberg equarions (EARTH), I 9l
Mohorovicic, Andrija, 236
Mohorovicic discontinuity (Moho), 2i6
Moissan, Henri,204
Molchanov, Pyotr A., 258
Molecule structure, 168
Molina, Mario,348
Mol ler .  C. .295
Monge, Gaspard, 106, 1 12, 120
Moniz, Antonio Egas, 27 6
Monoamine (MAO) inhibirors, 305
Monod, Jacques-Lucien, 333
Montagnier, Luc,363
Montgolfier, Jacques and Joseph, I 05
Moore, Eldridge M.,382
Moore, Stanford. 500
Moo-Young Han,333
Moreno, Jacob L., 306
Morgan, Conway Lloyd. 27 6
Morgan, Lewis Henry, 185, 193
Morgan, Thomas, 262, 27 1 -72
Morgan, Thomas Hunr,258, 240,246
Morgan, William Wilson, 507
Morgenstern, Oskar, 291
Morley, Edward W., 199,2O5
Morphology, 131
Morris, Mark, 364
Morris, Simon Conway, 344
Morse,  F.  8. ,  147 ,  154
Morse code, 147
Morton, Will iam Thomas, 156
Mosander, Carl Gustaf, 1 12, 148, 1 52
Moseley, Henry Gwyn Jeffreys,245
Mcissbauer, Rudolf Ludwig, 520
Mossbauer effect (pHys), 320,325
Mot ion,  laws of ,  19,  68,  79,231
Motion picrure: 5-D frlm, 312: Pathe Gazeve,239;

synchronized sound, 26 I
Motor, induction, 20t
Moulton, Forest Ray, 23O,275
Mouton, Gabriel, T4
Movements, law of rhe composidon of, 35
Movie cameras: color flm, 276; l6-millimeter,

265
Mueller, Erwin Wilhelm, 279, 515
Muirhead, Hilary,335
Muller, Franz Joseph, I 06
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Nicholson, Wil l iam, |  17, 122
Nickel as catalyst,220
Nicol,  Wil l iam, 140
Nicolaier, Arthur, 202
Nicol le, Charles, 236
Nicol prism (eHvs), 140
N i e l s o n ,  N . , 2 4 2
Niepce, Joseph Nic€phore, 128, 133
Nightingale, Florence, 164, 174
Nilson, Lars Fredrik, 195
Ni lsson,  N i l s ,324
Nitrocellulose, 154
Nitrogen, 94; f ixat ion of ,227
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M0ller, Georg Elias, 160, 199
Mriller, Hermann Joseph, 24O, 246, 265
Muller, Johann. See Regiomonranus
M0ller, Karl Alexander, 369
M0l ler ,  PaulH.,282
Mul ler ,  W.,264
Mriller-Hill, Benno, 536
Multigraph,226
Muons ,278 ,3O5
Murchison, Roderick 1., 146, 148
Mqrphy, Ga+dner,2l7
Murray, D. W. Gordon,278
Murray, Henry A.,276
Mushet, Robert Forester, I 83
Musset, Paul,347

N
Naarmann, H. ,370
Nader, Ralph, 533
Nail-making machine, I 07
Nanowires, 590
Napier ,John,62
Nathans, Daniel, 353
Native Americans: ancestors, 3, 387: culture

study, 241; medicine, 81-82
Natta, Giulio, 5l 1
Navarro, Ignacio, 370
Navigarion: Brirish, 98; Danish, 85; Durch, 68;

English, 54,60', ftrst scienrific ocean voyage, 80;
Italian, 47, Phoenicians, 9, I 1; Porruguese,
40-43,47; sextant, 95; Spanish, 58, Vikings,

Neckam, Alexander, 34
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Nelson, Errk,257
Neptune, 105,  155,  231,302,358, 362;  space

exploration, 354,373
Nernst, Walther Hermann, 158.233
Neurotransmitterc, 341, 347
Neutrinos, 305, 528, 337, 347, 357 i mass, 387
Neutron, 245,271; magnetic moment o1,283;

mass,274
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Newe l l ,  A l l en ,316 ,318
Newspapers, 82, 139
Newton,  Isaac,  14,  19,  51,  68,  71-76,  78.  82-83.
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Normann, Wi l l iam,226
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Nuclear chain reaction, 288
Nuclear explosion, 527
Nuclear fission, 28O, 282-83
Nuclear fusion, controlled, 383, 39O
Nuclear magnetic resonance (NMR), 294
Nuclear magnetic resonator, 358
Nuclear reaction, 251 , 27 1 ,282
Nuclear reactors, 291; first commercial, 350; in

orbit,333
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Nucleons, 305
Numbers: decimal system, 9,55, 43: googol, 285;

half-integer quantum, 253; irrational, geometric
theory,  13;  negat ive,  20,  27,50;  pr ime, 218,
357,386: random generation, 372;
transcendental, 90, 187' transfinite, I 88

Number theory,  67,  118,249,568
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Nursing,  164,  174,186
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Observatories, 35, 4l ,  53 , 66, 75, 83, l3l i
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Oparin, Alexander lvanovich, 252
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Oxyhemoglobin atomic structure, 335
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Pain, gate control theory of,333
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Pantyhose,522
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P aper, 23, 28, 38; Kraft paper, 24 1 ; production,

3 4 , 3 6 , 4 3 ,  t 5 4 , 2 4 r
Papert, Seymour, 530
Papert's principle (PSYCH), 550
Paracelsus, 48-49
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Paramagnetism, 154
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Par€, Ambroise, 45, 5O, 52
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Parkes, Alexander, 166
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Parkinson's disease, 1 28: treatment of , 370-7 | ,

375 ,386
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Parsons, Talcott, 259, 279, 31 6
Particle accelerator, 268, 285, 292, 313
Pascal ,  Bla ise,  5 l  ,56,64,68-70,72,  118
Pascal's law (pHYs), 69
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Passy, Fr€d€ric,219
Pasteur, Louis, 1 56, 159, 175-77, 198
Pasteurization, 176
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Pauli exclusion principle (PHYs), 258
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Pedology,189
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Penfield, Will iam, 285 gianr mold, 385; hormon es, ZTj,3t8;Pennica, Diane, j75 ldentification, 97; introduced to Europe, 45:Penzias, Arno Altan,35t nurririonalvaiue,'9i; pil;ryruh"ris,3t7:
Pepsin, 146,267 physiotogy, 85; pollinarion piocess, I I I ;Perey, Marguerite,2S2 poraroes, 3, 4g,'54, g4; sexlalreproducrion ofP6rignon, Dom Pierre, 80 cells,77; robacco, 4g, 5l_52,6l; rree srrucrurePerl, Marrin L.,348 and physiology, 95
Perrier, Carlo,278 ptasteiof paris, AS
Perrin, Jean-Baptisre, Zl7,23S plexiglas, 268
Perrine, Charles D., ZZB plowl S, 26, 52
Personality, theories of ,22s,314, 329: biosocial, pl0cker, Julius, l37, t 70

217; constirutional, 288 plunkett, Roy, 2gl
Perurz,  Max F. ,  j js  ptuto,  105,  ioz,SSO,3S3,3s6,364
Pest management, 25 pniewski, Jerzy,3O9Petrogenesis, 232,3OO poincar€, julei-Henri, l9S,21Z, ZZg, 2Sg
Petroleum, 164, lZZ, ZjB; geology, ZSZ poisson, Simeon-Deni s, lZS, 147
Pfeffer, Wilhelm. 192
pH: meter, 273; number system, 236 polarimetiy, t4O,2A6
Phantom pain, 356 polariry invers ion, 251
Pharmacopeia; United Shres's frrsr, l j l polarography, 250
Phelps, Michael, 569 ' polit icil siience, 160; behavioralism, 268,292,
Phenol production, Hale-Britton process, 255 324
Pheromones, 332 politzer. David.347
Phonograph,193,206 pol/ring,ZT6
Phonograph rccord,, iOZ polyei-hylene, 276
Phoroelectric effect, 205, Z2T,231 polymeis, 255
Photography,62, 119, 133, tSO-S|; aeriat, tT4: potypropylene, 518

daguerrotype, 148;halftonephoto-engraving eolyureinane,2ZS
process, 205; negarive hlm, z92: polaroid fllm, pompeii, zz, s5: excavarion, 88, z3g
272; roll f i lm, 199; Seed Dry-plate, 196; as rool poncelet, Jean_Victor, l2S, t| j, l3T

_. of astronomy, r 60; wet collodion process, r 6 r ponnamplru ma, cyril, 342
Photoheliograph,168 pons,Jein-Louis, t28
Phrenotogy, | 12, tz4, 144, tsz, t7Z pons, i imorhy. 38J
Pi, 8, I 8,24,26, 56, 96, 162, zoo, 37s popov, Aleksindr srepanovich, 2 r 8
Piager, lean, 253, 330 poiter, Keirh. 3 j I
Piazzi, Giuseppe, 117 portland cemenr, t 54
Picard, lean,77 positional notation, g,2g, iS, SS, gz
Piccard, Auguste, 27O,3O0,313 positron. 271
Pick, Arnold, 213 posirron Emission Tomography (pET) scan, 566,
Pickering, Edward C., t9S,2O9 569
Pickering, Will iam,221 post, Wilev,27j
Piezoelecricity, 198 potassium-salts, g7
Pildne de Rozier, Jean, I 05 potential energy, concepr of, 163
Pi-meson, 297 pott, percivall, Sg, tOZ
Pincus,_Gregory,3l4 portery: clay,3_4; porcelain, 28, 5J
Pion,297 pom's iracture, 9g
Pi Sheng, 50, 52 powell, Cecil Frank, 297
Pitcairn, David, 105 powell, John Wesley, 1g6, 195
Pitman, lsaac, 147 power liw of psychophysics (psycn), 247
Pitts, John and Hiram, 147 praxagoras, 17 
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Pitts, Wafrer, 290 precipitation, artificial,294
Planck, Max Karl Ernsr Ludwig, 223 prefabricated homes, 159
Planck formula (pHys),223-24 pregl, Fritz,236
Planck's radiation law (pHys), 2Zj preicot, John,324
Planetesimal hypothesis (AsrRo), 2j0 pressurscooker, T7
Planets: Alphonsine Tables, 36; movemen t of , 7Z; prevost, pierre, I l0

orbits of, 52. See also specific planets
Plann, William Gardner, 309
Plants: cell nucleus, 141; classification, 51, 54,

64, 72, 80, 87, 92, 109i cloning, j40, 364:
coflection, 97i corn,49,84; dispersal, 267;
gene murations, 225, 233: geography, t2 l ;

Priestley, Joseph, 7 5, 94, 9Z -t0Z
Prime meridian (Greenwich), 20 1
Prince, Morton, 233
Principia (lsaac Newron), 19, 68, ZZ, 7B-29
Printing, 25,32, 42; block, j6; in China, 30, 32,

4l; The Diamond Suta,30; Gutenberg Bible, 4l ;

426



lighming press, 156; lithography, I l4; metal

rype, 42; rotary press, 185; Sumerians, 30
Probability theory, 64,7O-7l, 841 analytic, 125;

Poisson's law (uern), 147
Process of group transfer polymerization (GTP)

(CHEM), 361
Prokhorov,  A.  M.,312
Proportions, theory of, 58
Prostaglandins, 275
Proteinioids, 371
Proteins synthesizing, 326, 331
Proust, joseph-Louis, I 15
Proust's law or law of definite (constant)

proportions (CHEM), I 15
Prout, Will iam. 127, 245
Prout's hypothesis (CHEM), 127
Prussic acid, 108
Psychiatric social work, 252
Psychoanalysis, I 66, 198, 200, 217, 29li brief

rherapy,295
Psychological profile tests: Beck Depression

Inventory GDI), 336; inkblot test, 253;
Minnesora Multiphasic Personality Inventory.
(MMPI), 284, 37 6: Thematic Apperception
Tesr,276

Psychology: analytical, I 89; assertiveness
training, 541 ; behaviorism, 1 94, 244, 251;
bonding, 520; child development,272, client-
centered therapy, 227', double-bind theory of
communication patterns, 316; encounter
groups, 323, 541; existential, 23O, 5Q5: faculty
psychology, 96: family therapy, 323;
frustration-aggression hypothesis, 305;
functionalism, I 51 : Gestalt, 239; individual,
250, interpersonal relations theory, 27 4:
pastoral counseling movement, 252: play
therapy, 272, psychodrama, 506; rational, 861
Scotrish School of psychology, 96;
transactional analysis, 239

Psychophysical correspondence, 3Q7
Ptashne, Mark, 536
Ptolemaeus, Claudius. See Ptolemy
Ptolemy,24,29
Public health treafise. 126
Puck.  T.  T. .  515
Pullman, George M., 177
Pulsars, 335,338,373
Punch-card data system, 2 I 0
Purcell, Edward Mills, 285, 29O, 294, 3O7
Pythagoras. I I
Pythagorean Theorem, 8, I I

a
Quadrant,4l
Quadratic reciprocity, law of (uaru), I 12, I l8
Quantum chromodynamics (QCD), 345, 389
Quantum electrodynamics (QED), 501
Quantum Hall effect (PHYS), 557
Quantum rnechanics, 261, 263
Quantum theory, 231,272
Quarks, 531-52,347
Quartic equations, 50
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Quasars, 329, 356,358, 379
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Rabi, Isidor lsaac, 280
Radar,276.524
Radcliffe-Brown, Alfred Reginald, 1 99, 309
Radiation. 218.220
Radio, 226; antenna, 2.18; first broadcasting

station, 255; FM, 283; handheld
transistors, 509

Radioactive displacement law, 243
Radioactive tracing, 250
Radioactivity, 224, 226, 232, 273
Radio astronomy,268
Radioimmune assay, 308
Radio interferometer, 51 4
Radiometer, 189
Radiowave detector, 2l 0
Radio waves, 180; FM (frequency modulation),

273
Radium: atomic weight of ,226
Railroads, 127, 135, 156, l6r-62, 177, 182, 184,

224, 344: air brakes, I 83; diesel-el ectric, 244,
298; frrst iron bridge, 153; knuckle coupler,
I 83; sleeping cars, 1 70, 1 77; standard gauge,
156; steam locomotives, 106, l2l , 127; Tom
Thumb locomotive, 140:T-rail, l4l

Rainbows. SS
Raleigh, Sir Walter, 54
Raman, Chandrasekh ara Yenkata, 264
Raman effect (pnvs), 264
Ramanujan, Srinivasa, 249
Ramon y Cajal, Santiago, 208
Ramsay, Will iam, ?l 4. 21 6, 221
Rank, orro, 202, 252, 256
Raoult, Frangois-Marie, 2O4
Raoult's law (CHEM), 204
Raphael, Ber$am,324
Raspail, F. V., 127
Rational-Emotive Therapy (RET), 5l 4
Raulin, Jules, 183
Ray, John, 72, 78, 80
Rayleigh-Jeans formula (PHys), 224
Reber, Grote,277,288
Redfreld. William, 142
Rees, Dick,554
Reflecting guadrant, 86
Refr igerat ion,  9,  I19,  170,199
Reliomontanus,42-43
Reich, Ferdinand, 176
Reichstein, T adeus, 27 2
Reid, Thomas, 96
Reines, Frederick,516
Reitsch, Hanna, 280
Relativity, general theory of , 195,248
Relativity, theory of special, 195,231
Remak, Robert, .156, 162
Remek, Vladimir,555
Remsen, lra. 195
Resonance, concept of (CHEM), 270
Rhine. Joseph Banks, 265
Ribonuclease enzyme, 335, 338
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Richter scale.275
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Riemann, Georg Friedrich Bernhard, 161 , 163
Riemann hypothesis (MArH), |69, j4g
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Rivera, Thomas, 260
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Roberrs, Ed.349-5O
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Robot, 324; honeybee, 3T 4
Roche, Edouard-Albert, 1 59
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Roch.lecours, A.,362
Rocket propulsion, marhematics of , Z5l
Rockets, 261 , 266, 276, 291 . 304
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Roebling, John Augustus, I 55, 201
Roebling, Washingron Augusrus, 201
Roentgen rays,219
Rogers, Alan E. E.,349
Rogers, Carl Ranson, 227
Rohwedder, Otto Frederick, 264
Rollerblades. 557
Romagnosi, Gian Domenico, 1 l9
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Rose, Wil l iam Cumming, 306
Rosenberg, Steven, 573
Rosenbusch, Karl, I 87
Rosenfeld, Orro. See Rank, Otto
Rosenman, Ray,540
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Roth ,  Thomas F . ,331
Rowland, F. Sherwood, i48
Rowland, Henry Augusrus, 187, 199
Rubber, 44, 62, 100; synthetic, 261
Rubbia, Carlo,362
Ruddman, Wil l iam F., 374
Rudman, Daniel l ,378
Ruhmkorff, Heinrich Daniel. 165
Rulein von Kalbe, Ulrich, 44
Rumely, Rabert,557
Ruska, Ernst August Friedrich,2Z2
Russell, Bertrand, 227. 238
Russell ,  Henry Norris, 240, 27 5
Rust, John, 263
Rust, Mack, 263
Rutan, Dick.569
Rutherford, Daniel, 94, 99

Rutherford, Ernesr, 220, 226, 232, Z4O , Z4S. ZSI
Rutherford, L. M., 172
Ruyson, Fredrick,T2
Ryle, Martin, 514,516
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Sabatier, Paul,22O
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Sabine, Wallace Clement Ware. 2l g
Saccharin, 195,320
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Safety pin, 159
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Sager, Rurh, 329
Sainte-Claire Devi l le, Henri-Etienne, 166
Sakel, Manfred,266
Salam, Abdus, 338,347
Salk, Jonas Edward, 3l I
Sa loman,  A . .243
Samuelson, Paul,502
Sandage, Allen,324
Sanger, Frederick, 308, 356
Sanger, Margaret, 201, 248, 31 4
Sapir,  Edward, 201
Satellites, artificial, 329, 341, 354, 356, 361:

commercial communications, 32g; Soviet Union,
5 1 7; United Srares, 5 I  9, j2l :  weather, 324, 3j4

Saturn ,  60 ,  7O,  75-76,  105,  108,  i6A,  ZZt ,  275,
29O,362,373:  space exp lo ra t ion ,  347,  i54 ,
556,358
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Saussure, Horace Benedict de,9T, loj
Saussure, Nicolas-Th6odore de, t 20
Savery, Thomas, 80, 84
Scale, platform, 141
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Schank, Roger, 361
Schechtman,  D. ,364
Schee le ,  Car l  Wi lhe lm,99,  10 t  - j .  t0S-6
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Schizophrenia, 350, 357; diagnosis, j66, 372:

therapies, 266, 27 | ,  278
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Schleiden-Schwann cell theory, 156
Sch l iemann,  He inr ich ,  185,  190,  l94 ,  Z0S
Schmidt, Bernhard V., 267
Schmidt, Maarten, 324. 329
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Schrieffer, John N., 318
Schrcidinger, Erwin, 261
Schrudde, Josef,232
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Scudder, John, 287
Seaborg, Glenn T., 285, 290, 5O2, 306
Seabrook, Charles, 260
Secchi, Pieuo Angelo, 182
Sedgwick, Adam, 1 42, 1 46, 1 48
Seebeck, Thomas Johann, 1 32
Seebeck effect (PHYS), 132
Seeley, Harry Govier, 205, 245
Sefstrcim, Nils G., 140
Segre, Emilio Gino, 278, 285, 31 4
Seismic wave travel timetables, 285,581
Seismograph, 198
Self-service grocery stores, 245
Selye, Han, 284
Semmelweiss, Ignaz P., 157
Semon, Waldo Lonsbury, 261
Semper, Karl Gottfried, 21 0
Senefelder, Aloys, 1 l4
Sequoia, 159
Sereno, Paul,387
Sert0rner, Friedrich, 122
Serulas, Georges-Simon, I 55
Sets, theory of (MArH), 184
Sewing machines, 141, 152, 156, 161,2O9
Sewing needle, 1
Sextant. 95
Sexuality studies, 222, 297, 334
Sexual orientation studies. 383. 389
Seyiert, Carl, 290
Shakers, lO0,134
Shanks, Wil l iam, 162
Shapiro, Irwin lra, 343
Shapley, Harlow, 244, 250, 252
S h a w , J .  C . , 3 1 8
Sheldon, William Herbert, 288
Shellman, Lawrence E., 37 8
Shelter. lan,369
Sherrington, Charles Scott, 27 |
Shirley, Anthony, 58
Shklovski i .  I .S.. 314
Shockley, William, 302
Sholes, Christopher, 183
Shor thand,  20 ,147,208
Siemens, Wil l iam, 175
Sigardsson, Haraldur, 582
Sikorsky, lgor Wan,244
Silicon carbide (carborundum), 21 0
Sil icones. 229
Silk: production, 6,26; trade,23
Sil l iman, Benjamin, 130, 164
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Simon, Herbert,  31 6, 318
Simon. Th€odore, 241
Simons, Elwyn,336
Simpson, George Gaylord, 290
Sims, James Marion, 154, 175
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Skinner, B. F., 280, 338,344
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Sleep study, 3l 1
Slide rule, 65
Slipher, Vesto Melvin, 244
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Small, ceorge,299
Smalley, Richard,366
Smallpox: among Native Americans, 104, 147;

distinguished from syphilis, 52; inoculation, 84
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Smith, Carson, 285
Smith. Edwin, 8,266
Smith, George, 185
Smith. Hamilton C.,353
Smith, Lowell,257
smith, will iam, 1 1 5- 16, 128
Snellen, Herman, 176
Snell's law (PHYs), 65
Snyder, Solomon, 379
Sociobiology, 551
Sociology: evolution concepts applied to, l9l;

scientific method fot, 206: structural-functional
theory, 279; symbolic interactionism, 224

Sociometry, 506
Soddy, Frederick, 226, 239, 243
Sodium chloride, 245
Sodium salts, 87
Sodium sulfate, 65
Soil science (pedology), 189
Solar eclipses, 9- I 0, 33, 84, 251
Solar system, theories of, 115, 115,275:

catastrophic theories disproved, 275: tidal
hypothesis of formation, 250

Solar wind, 519
Soldering process, 192
Solitons, 347
Sommerfeld, Arnold Johannes Wilhelm, 247,264
Sonar, 249
Sonneborn,  T.  M.,29O
Soret, JacquesL., 194
Sorokin, Pitirim A., 279
Soule. Samuel W.. 185
Sound, speed of, 181
Space flight. see Astronautics; Astronauts;

Satellites, artifrcial; Space programs; specifrc
satellites; space exploradon

Space programs,349; Gamma Ray Observatory,
379; Hubble Space Telescope, 37 6, 579, 384,
388; project Mercury, 317 ,319,329; Skylab,
546, Soviet, 524, 326, 329, 331*32, 334, 336,
338, 343, 352-54, 356, 360, 362, 37 0, 57 3:
Soviet space station, 568; space shuttle, 358,
360-64, 37 1, 373, 384; United States, 326-27,
332, 334, 337 -38, 342-44
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Spectrophotometet, 286
Spectroscope., 170
Speigelman, Sol,337
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Sperry, Roger,336
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Spinning frame, 98
Spinning jenny, 99
Spinrad, Hyron, 358
Spitzer, Lyman,275
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Sprague. Frank Julian, 207
Sprengel, Chrisrian, 1l t
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Stahl, George Ernst, 82, 99
Stanley, Francis Edgar and Freelan O.,219
Stanley, Henry M., l9'1,2O8
Stanley,  J.  R. ,2O4
Stanley, Robert, 289
Stanley, Wendall,275
Stanley, Will iam,204
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Stark effect (PHYS), 244
Starley, James Kemp, t 85
stars, 69, 246-47 , 280,290,369; Algot, 1O4;

Beltegeuse, diameter of ,252; brightness of, 20;
catalogs, 1 5, 1 9, 85, 96, 107, 144. 182.206,
257, 3O2: Cepheid variable, 241, 243-44, 308:
distance ot, 147-48: Harvard Classiflcation
System, 209,225: maps, 51, 4l; naming sysrem,
58; neutron stars,272: quadrant,4l; Sirius, 182;
southern, 76, 145: spectroscopic binary shrs,
209; spectroscopic parallax technique, 244;
stellar evolution, 240, 308, 384; V ega, 1 49

sraric elecrricity, 71, 83, 90
Statistical mechanics, 202
Statistics, 71; use in psychological measurements,

184;  v i ta l ,  48,  80
Staudinger, Hermann, 255
Stauffer, John, 358
Steamboats, 108, I I 7, 12O: firsr ocean voyage,

I 24; transatlantic crossings, l5l, 148
Steam-driven pump (coal mining), 80
Steam engine, 2l, 65,97-98; double-acting

rotary, 104; Newcomen engine, 83-84
Steam locomotives, 106, 121 , 127
Steam turbine, 203
Steel: manufacturing, 17 5, 313: Sheffield, 89;

rungsten, 185
Steenbock, Harry,257
Stefan, Josef, I 95
Stefan-Boltzmann law (pHys), 202
Stefan's law (PHYS), 195,202
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Steinhardt, Paul, 358
Steinmetz, Charles Proteus, 214
Stellar photometry, 195
Steno, Nicolaus, 74, 80
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Sternberg,  Char les H-,  191 ,235,239
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Stevens, Sranley Smith, 247
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Stoichiometry, principle of, I t0
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Stokes, Will iam, 130, 137
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Strasburger, Eduard Adolf, 199
Stratigraphy, 96, 1 32-33
Stracosphere, 227
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Struft, John William (5rd Baron Raleigh), 2 t 4,

224 .232
Sturgeon, Will iam, 135, 1 40
Sturtevant, Alfred Henry, 24O, 246
Submarines, 65, lO2, 117,224,246: elecrric,

2O4: nuclear, Sl3
Suess, Eduard, 203
Suez Canal, 184
Sugar ,27 ,  34 ,42 ,66
Sulfur dioxide, 98-99; liquified, I O6
Sulfuric acid.37. lO2
Sullivan, Harry Stack, 274
Sullivan, Thomas, 230
Sumner, James Batcheller, 260
Sumner, Will iam Graham, 19O.234
Sun, 253; age of, 163; composition of, I 74;

distance from the Earth, 69, 177: radio waves
from, 288;X rays f rom,5l9

S u n d i a l s , 9 , 1 1 , 2 8
Sunspots,  19,21 ,  151 ,234:  Maunder minima,

2 1 4 , 3 4 0
Superconducting Super Collider, 37 5, 389
Superconductivity, 24O, 3O7 , 372; BCS theory,

3l 8; in ceramics, 569
Superfluidiry, 268
$upernova, 15, 24, 32, 50, 53, 58, 203, 253, 273,

369,388i  Crab nebula,  32.336
. Surveys, use of questionnaires, 95

Sutherland, Earl, Jr., 3 t 5
Sutton, Walter, 227-28
Svedberg, Theodor, 256
Swammerdam, Jan, 7l, 88
Swan, Joseph, 194,  197
Swift, Gustavus, 199
Swimming reflex in children,285
Sydenham, Thomas, 64, 72, 74, 78
Sylvester, James Joseph, 160, 163
Symbols: African, 328; cultural,347: equals sign,

52; Greek letter pi, 83; mathematical, 65, 71:
square root, 48; system of chemical symbols,
126:  zero,  17,3O

Synge, Richard, 291
Syphilis, 43, 177: distinguished from smallpox,

52; reatmencs, 48-49, 238
System of vector analysis (MArH), 196
Systems analysis, 312
Szilard, Leo, 27 l, 282-83
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T
Table of atomic and molecular wei$hts, 150
Tachermak, Erich,223
Tacke, ldaEva,258
Talbot, William Henry Fox, l5l
Tal ly ing,  l ,  5
Tamm, lgo rY . ,273
Tampon,277
Tartaglia, Niccolo, 48
Tartaric acid, 99
Taturn, Edward Laurie, 283,319
Taubes, Clifford,356
Tauon,348
Tay, Warren, 198
Taylor, Augustus Deodat, 144
Taylor, Brook,84
Taylor series (MArH), 84
Tea,28
Teabag,2SO
Technique of magnetic resonance (PHYs), 280
Tedesco, Edward F.,364
Teflon, 281
Teisserenc de Bort, Leon-Philippe, 227
Telegraph: elecrric, 133, l47i magnetic, 147, 154:

transatlantic, 17O, 182
Telegraphone, 222
Telephone, 190; cellular, 362; coin-operated; 209;

dial,251; switchboard, 193; Touch-tone, 550;
transatlantic service, 265

Telescope, 59-60, 7 5, 133, 277 ; coronagraph,
267 : Hale, 298; Hubble Space, 37 6, 379, 384,
588; Keck, 564; meridian, 82; radio, 277, 329,
341 ; reflecting, 73, 1O8, 249, 341, 35Oi
refracting, 2O5, 219; Schmidt, 267; Yery large
Array (VLA) radio, 556

Teletype machine,246
Television, 263, 277, 294; color, 508:

transistorized, 322
Teller, Edward, 278, 283
Telomere hypothesis (Bto), 342
Temin,  Howard,549
Temperature scale: Celsius scale, 90; Centigrade

scale. 90; Fahrenheit scale, 84
Tennant, Smithson, l0l, t 20
Terman. L€wis Madison. 250
Terms coined : acoustics, 82: albedo, 95:

ambivalence (psychiatry), 24O: anion, 144:
anode, 1 44; autumation, 296' baryon, 5 1 5;
behavior therry, 320: biochemistry, | 92;
biology, ll7ibiopsY, 195; bipolar disorder
(manic-depressive psychos is), 528; blach hole,
325; brainwashing,3Q4; catalysis, 125, 146;
ca.thode, 144: cation, 144; ceII,72; chemistry,25i
chromosomes, 206; cogredient, | 6O:
conffavartant, | 60: covariant, | 60: dilferential
calculus, TT; ecology, 18O; electrode, 144;
elee troly sis, 1 4 4 ; elec trolyte, 1 4 4 i elec tr on, 2 | 2 ;
entropy, l6O; eugenics,20O: evolution, 81 ;
fluorescence, | 62: fractals, 3 50: gas, 64; genes,
256: genetics,232; geology, lO3: hadron,328;
homeostasis, 260: id (Psychoanalysis), 235 ;
integral calculus, 7 7 i intelligence guotimt, 25 | :

I t D l x

internal secretion, | 66: invarianf, t 60;
invertebrate, 127' ion, 144i IQ, 231: isomerism,
1 4 I ; isosfds/ ,208' isotopes, 245; herosene, 162;
kinetic enery, l4O: lepton,295: Iines of Jotce,
65: masochism, I 88; fiteson, 27 5; mesotron, 27 5;
mitochondria, 209: molecules, 1 25', morphotogy,
| 24 negative (photography), I 50; neutrino, 27 Qi
photon, 256; pltylum, 1 | 3; physics, 86;
pragmatism, 222i protein, | 47 i proton, 245,
psychedelic, 330: psychology, 55, | 45i guantics,
| 63 : quasar, 529 ; radioactivity, 222:
Rheumatism, 54: robot, 252: schtzophrmia, 24O;
scimtist, 140; seismology, 160: sociologt, 148:
suwival oJ thefittest, 177; syzygy, 16O;
taxonomy, | 25: thermodynamics, | 59 :
trigonometry, 55: vertebrate , 127 : vitamin, 242

Terpenes, 202
Tesla, Niloka, 201
Tetrud, James W., 575
Textiles: Dacron, 288; Jacquard loom, I 19; linen,

9; nylon, 279,286; Orlon, 307; rayon, 201;
spinning frame, 9Stspinning jenny, 99;steam-
powered plant, 107; terylene, 288; woven cloth,
3. See also Silk

The Almagest (Ptolemy), 24, 29, 34
Th6nard, Louis-Jacques, 123, l3O
Theophilou, N.,370
Theophrastus, 15, 17
Theophrastus of Eresus, 1 7
Theorem ofThales, I0
The Origin oJ Species (Charles Darwin), 124, 167,

170-7  1
Theory of Prototypes and Basic Level Categories,

359
Thermite,222
Thermodynamics, laws of , 134, 158; law of

absolute zero, I 58, 253:law of conservation of
energy , 157 -58: law of entropy, I 58, 1 60

Thermoelectricity, | 32
Thermometer: air, 8l: clinical, 182; mercury, 84
Thermopile, 160
Thermos bottle, 214
Thermoscope, 55
Thevet, Andr6, 51
Thewissen, J. G. M., 590
Thiel, Ferdinand,359
Thi tor ier ,  C.  S.4. ,  146
Thimmonier, Barth6lemy, I 4l
Thomsen, Christian Jorgensen, I 45
Thomson, George Paget, 262
Thomson, Joseph John, 199, 220, 222, 23O, 233,

239 .242
Thomson. Will iam, 159, 1 62-63, 1 65, 17 5, 232,

' 240
Thorndike, Edward Lee, 189
Threshing machine, 107; Case, 152; steam-

powered, 147
Tide theories, 238
Timekeeping, 8-9; Needle of Cleopatra, 9;

sundials, 9, I l , 28: Tower of Winds, 2 1 .
See also Clocks

Timoni, Emmanuel,84
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Ting,  Samuel ,332,348
Tiryns excavation,2Oj
Tiselius, Arne. 278
Titchener, Edward 8., 230
Toaster, pop-up, 250
Tobin, James, 559
Tombaugh, Clyde William, 267
Tomonaga, Shin'ichiro, i0 I
Topology,  t61,  Zt7
Top quark, 391
Torricelli, Evangelista, 67-68
Torsion balance, 103
Touch, study of, 1 I 3
Townes, Charles Hard, i|2
Townshend, Lord Charles. 86
Tractor,224
Trademarks. 35
Transformarions, rheory of (MAT), l6g
Transformer, 204
Transistors, 502; sil icon, 3 1 3
Transmitter, 204
Transportation: cable-car streetcar, 1 87; Conestoga

wagon, 93; elecrric trolley cars, 2OT: Erie Canal,
131,134, Hansom cabs, 145: London Under-
ground, 176; public in New York City, 1J9

Traumatic shock, effects of ,256
Trautner, T. A.. 33 I
Travel: inJapan, 58; stagecoaches in England, 67;

to l l  roads ,  36 ,112
Travers, Morris William. 221
Trembley, Abraham, 88-89
Trendelenburg, Friedrich, 184
Trevi th ick,  Richard,  106,  1Zl ,  tZT
Tribolites. 133
Trigonometric tables, 19, 51
Troposphere, 227
Trudeau, Edward,202
Trumpler, Robert J., 267
Tryon, Edward P.,346
Tsiolkovsky, Konsrantin, 221 ,228
Tsipursky, Semeon, 386
Tsugi ta,  A. ,324
Tsvett, Mikhail Semenovich, 252
Tully, R. Brent,369
Turing, Alan Mathison, 278, 3O7
Turner, Victor, 328
Turok, Neil, 564
Tuule, o. F., 300
Twort, Frederick William, 246
Jycho Brahe, 50, 53,57
Tylor, Edward B., 179, 185
Tyndall, John, 176, 184
Tyndall effect (psys), 184,227
Typesetring, 133, 203
Typewriter, 183,194
Typography, 97
Tyrrell, Joseph burr, 2O2

U
Uhlenbeck, George Eugene, 258
Ultracentrifuge, 256
Ultramicroscope, 227

Ultrasound, 263,32O
Ultraviolet radiation, I 19, 180
Uncertainty principle (pYys), 126, 262
Underwater exploration: glass goggles, 172;

rubber fins, 268; snorkels. 268
Undulator, 357
Uniform convergence (MArH), 166
Uniformitarianism, principle of (EARTH), 141
Universal Producr Code (UPC) sysrem, j4T
Universe, radio maps of, 288
Universe, theories of,346; Aristotle, 15;

Empedocles of Acragas, l2; geocentric rheory,
19,24:  hel iocentr ic  rheory,  19,46,  49,  52-53,
55, 61; mechanistic model. 126

Universe origin, theories of ,352, i58:
Big Bang theory, 262, 266, i3t, 384, 388

Upsilon particle,553
Uranium-2ll.275
Uranium radiation,220
Uranus, 104-5, 1O7, l6t, 298, SSe; space

exploration, 354,367
Urbain, Georges, 232
Urey, Harold Clayton, 252,270, iO9
Uric acid, 102

v
Vaccines: anthrax, 198; chicken cholera, 19g;

leprosy, 354; mumps, 336; pertussis,256:
pol iomyeli t is, 31 1 ; serum hepati t is, 359;
whooping cough, 256

Vacuum cleaner,226
Vacuum production, 165
Vacuum tube. 190
Vail ,  Alfred, 147 . 1 54
Valence, theory of (cHeu), 161-62
van Ceulen, Ludolph, 56
van de Hulst,  Hendrik, 290
van der Meer, Simon, 362
van Helmont, Jan Baptisra, 64,68
van Leeuwenhoek, Anton, 66, 7 l ,  76-77
van Musschenbroek, Pieter, 86, 90
van Snell ,  Wil lebrord. 62-63
van't Hoff, Jacobus Hendricus,

1 8 8 . 2 0 3 . 2 1 9
van't Hoff factor (cHeu), 203
Vauquelin, Louis-Nicolas , I  l3-14, 122
Veksler, Yladimir 1., 292
Vetocipede, 175
V e n n , J o h n , 1 9 9
Venn diagram (MArH), 199
Ventr is, Michael, 508
Venus,  1  | ,  13 ,  60 ,  96 ,98 ,  1  05 ,  270,  315,  332,

386; space explorat ion, 327, 335, 340-41,
3 4 6 , 3 5 3 , 3 5 5 ,  3 6 0 ,  3 7 6 .  3 7 9 . 3 8 5

Vernier, Pierre, 65
Vernier scale (EARTH), 65
Vesalius, Andreas, 46,50, 169
Vespucci, Amerigo, 43-44
Videotape'recording machine, 3 1 6
Villard, Paul Ulrich, 224
Virchow, Rudolf,  156, 167, 170, 189
Virology, 260

432



l l tD t x

Viruses, 27 5: bactefia distinguished, 260 ;
bacteriophage, 246, 288, 292; size, 269

Vitamins, 254, 271,278,288i role of ,242:
synthesized,272

Voeykov,  A.1. ,2O3
Vogel, Hermann Carl, 208-9
Volkoff, George, 280
Volta, Alessandro, 102, l17-18
Volrage multiplier, 265
von Alberti, Friedrich, 145
von Baer. Karl Ernst, 1 36
von Baeyer, Adolf, 176
von Behring, Emil, 219
von Braun, Wernher, 262, 270, 289, 292-95
von Eggers Doering, William, 291
von Euler, Ull,275
von Fraunhofer, Joseph, 126, 131, 133
von Frisch, !{.arl,253
von Gesner. Konrad, 52,99
von Goethe, Johann Wolfgang, I 12
von Graefe, Albrecht, 164
von Guericke, Otto, 68, 70
von Helmholtz, Hermann Ludwi$ Ferdinand,

157-58,  l6 l ,  163
von Huene, Friedrich, 235,245,260
von Klitzing, Klaus, 357
von Kolliker, Rudolf Albert, 150
von laue, Max Theodor Felix,242
von Liebig, Justus, 134
von Linde, Carl Paul Gottfried,2l6
von Lindemann, Ferdinand, 200
von Meduna, ladislas, 271
von Neumann, John, 263, 291
von Opel, Fritz,266
von Parrot, Johann Jacob, 1 40
von Sacher-Masoch, LeoPold, 188
von Sachs, Julius, 1 75, 183
von Siemens, Ernst Werner, 182
von Struve, Friedrich Wilhelm, 149
von Waldeye ?Hartz, Heinrich Wilhelm Gottfried,

206
von Weizsicker, Carl F., 28O,29O
von Welsbach, Carl Auer,232
von Wolff, Baron Christian, 86, 145
von Zeppelin, Count Ferdinand, 225,238

w
waage, Peter, 182
Waitz, Theodor, 156
walcorr, Charles Doolittle, 191, 257, 344
walkie4alkie, 273
Wallace, Alfred Russel, 153, 17O, 183-84, 190
Wallach, Otto.2O2
Wal l is ,  John,70,74,78
Wal ls.  Daniel  F. .391
Walton, Ernest Thomas, 265, 27 1
Walton, Frederick, 174
Wankel, Franz,319
Wantsel, Pierre, 147
Warburg, Otto,257.260
Ward. Patrick, 335
Ward, Steven, 587

Waring, Edward,368
Warren, John, 156
Water: chlorination, I l7; composition, 106' I l7;

fluoridation, 293,356
Water closet, 57
Water power, 19
Water wheel, 45
Watson, James, 310
Watson, John Broadus , 194,244,251
Watson, Thomas, 192
Watson-Watt, Robert Alexander, 276
watt, James, 97-98, 104, 106, 1 18
Watterson, John, 580
Weapons: bow and arrow, 2; catapult, 13; Colt

revolver, 146; crossbow, 52; Greek frre' 28;
guns, 36, 175,201; harpoons, 5; harquebus' 4l l
muskets, 52, 107, I l5; needle gun, 151 ; rifles,
47,84,  l5 l ,174,228;  spear,  l ;  spear thrower,  3

weaving: flying shuttle, 87; Jacquard loom, I l9
Weber, Ernst Heinrich, 1 15
Weber. Max, 177,25O
Weber, Wilhelm Eduard, 156
Weber's law (PsYcH), I l5
Wechsler. David, 219, 283
Wedgwood, Thomas, 119
Week, seven-day,3l
wegener, Alfred L., 168,242
Weierstrass, Karl, 166, 186
Weil, Andre, 294,348
Weinberg, Steven,558
Weinberg, Wilhelm,235
Weiner. Norbert, 300
Weiskrantz, Lawrence, 541
Weismann, August ,212
Weiss, Hawey,367
Weiss. Pierte,254
Weissman, August, 125
Weizenbaum, Joseph, 530
Welcher of Malvern, 34
Weller, Thomas H.,299
Wellman, Beth,272
went.  F.  W.,273
Werner, Abraham Goalob, 105, 110, 126, 13O
Wertheimer, Max,239
westinghouse, George, 183, 204
Westphal, Alexander Karl Otto, 210
Weyl, Hermann,245
Wheatstone, Charles, 147, 152
Wheatstone bridge, 152
Wheel ,6
Wheelbarrow, 25
Wheeler, John Archibald, 323
Whewell, William, l 40, 144
Whinfield, John Rey, 288
Whipple, Fred L., 302
whire,  Tim,568
Whitehead, Alfred North, 258
Whitney, Eli, 1 10, I 14
whitrington, Harry,544
Whittle, Frank,268
Wien,  Wi lhelm,214,224
Wien formul a (PHYS\, 224
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Wiesel, Torsten Nils. 324
Wigner, Eugene Paul, 264, 27 7, 28i
Wilcke, Johan Carl, 104
Wilcox, Stephen, 182
Wildt, Ruperr,275
Wiles,  Andrew,67,389
Wilkes, Charles. 150
Wilkins, Maurice, 310
Wilkinson, David, 109
Williams, Charles Thomson Rees. 240
Will iams, Hugh C., 333
Will iams, Stanley,590
Will iamson, Wlll iam Crawford, 185
Willstafter, Richard, 230, 232
Wilson, Alexander.92
Wilson, Pllan.363
Wilson, Charles Thomson Rees. 218
Wilson, Edmund Beecher, 218
Wilson, Edward O., 335, 343
Wilson, Roberr Woodrow, 351
Windmi l l s ,8 .28
Wingquist, Sven Gustav, 234
Winkler, Clemens Alexander. 204
Winnicott, Donald,533
Winograd, Terry,346
Winston, Norman, 378
Winthrop, John, Jr., 69
Wistar, Caspar, 89, 108
Witelo,56
Withering, Will iam, I 07
W0hler, Friedrich, 154. 139
Wolf. Maximilian. 210
Wollaston, Will iam Hyde, 114,
Wolpe, Joseph, 355
Woodall, John, 60
Woodward, Robert Burns, 291 .
Woodworth, Robert Sessions, 255
Woodworth personal data sheet, 253
Woolley, Leonard, 249, 254
Worcester, Peter F., 358
Wozniak, Stephen, 549. 352-53
Wrangham, Richard,385
Wren, Sir Christopher, 70
Wright, Orville, 228, 23O
Wright, Sewall,335
Wright, Wilbur,250
Writing: Chinese, 9; cuneiform, 5, 155,367:

hieroglyphics,  6,  10,  115,132:  L inear B,308;
symbols for syllables, 6

wundt, wilhelm, 195. 199

x
Xerography,279
Xerox machine, SOT
X rays,  180,217,23O,252,245: Cool idge tube,

244

Y
Yale, Linus. 179
Yale lock, 179
Yalow, Rosalyn Sussman, 301, 308
Yamagiwa, R. ,246
Yang, Chen Ning;  513,  516
Yang-Mills cauge invariant fields (pHys), i13
Yeager, Charles E.,298
Yeager, Jeana,369
Year length, 30
Yeas t .146
Yoichiro Nambu, 553
Young, John W.,  332,358
Young, Thomas, 118,123,  l3O
Yukawa, Hideki, 27 1. 275

z
Zeeman. Pieter .218
Zeeman effect (PHYS), 21 8
Zermelo, Ernst,229
Zermelo's axiom of choice (MArH),229
Zernike, Frits, 280
Ziegler, Karl W., 3ll-12
Ziegler process,312
Ziesel,5.,204
Ziesel reaction (cHEM), 204
Zipper,257
Zirkel, Ferdinand, 181, 1 87
Zone refining, 509
Zsigmondy, tuchard Adolf ,227
Zuckerkandl, Emile, 327
Zuckerman, Benjamin, 569
Zwicky, Fritz,273

120 .126
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