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ECH

ECHIDNA (i kid'na) The echidna is an egg-

laying mammal native to Australia and New
Guinea. Like the platypus, the echidna is a

mo notreme (see unV trntl; MONO'I'REME; PI-AT\"US) .

There are probably five species of echidnas, the

largest being about 31 in. [78 cm] in length.
Although they are of different sizes, all species of
echidnas have a similar appearance. Echidnas are

covered with long, dark hair and sharp spines.

They have a thin, beaklike snout and a sticky
tongue. They have short legs and long, sharp

claws for digging. If threatened, an echidna may

roll up in a ball, exposing its spines to an enemy, or

it may burrow into the ground for protection.
The animals can tunnel into tl-re ground with
amazing speed.

Echidnas feed by day and night. They use their

claws to dig into ant or termite nests and lick up the

insects with their sticky tongue. In their feeding

habits, echidnas are similar to anteaters, which is
how they got their nickname, sPin)/ dnte/zters

(see aNrE,qrEn).

The female echidna lays one egg, which she

keeps in a pouch on her belly. This pouch, similar

ECHIDNA
The short-beaked echidna, found throughout Australia, is

also called a spiny anteater because it feeds on ants and
termites, which it licks up with its sticky tongue.

to that of the marsupials, develops only during the

mating season (see MARSUPIAL). After the egg

hatches, the young echidna stays in the pouch for

several weeks, feeding on milk lrom the mother.

Echidnas may live as long as fifty years in captiviry.

ECHINODERMATA (i ki'na dirrm'at a)

Echinodermata is a phylum of invertebrate marine

animals (see INVEKT'EBRATE). Included in Echino-

dermata are the starfish, brittle star, crinoid, sea

urchin, sand dollar, and sea cucumber.
Echinoderms are found in every ocean. They
inhabit all parts of the ocean, from the waters near

the shore to the deepest ocean trenches. Some

echinoderms stay anchored in one place. Others

float with the water currents. Most slowly crawl

along the ocean floor, using small suckerlike pro-
jections called tube feet. They feed by filter feeding

(sucking up tiny organisms floating in the sea

water), by picking food particles off the sea floor, or

by preying on other animals.

Echinoderm means "spiny skin." The hard, spiny

skeleton of the echinoderms, made of calcium car-

bonate, gives them their name. Most echinoderms

are circular and have five arms that extend sym-

metrically from the central part of the body.

Unique to the echinoderm is its water vascular

system. This system is made up of a series of tubes
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ECHO An echo is u sound that has beer-r reflected

(bounced back) from a sLlrfitce. If rr pe rson shouts

in a large valley, he or she usually soon hears the

echo of thc shout. The sounc{ has reflected ofFrocks

in tl're valley. Souncl waves travel abor.tt 1 mi. [1.6
kml in five scconcls. Thereftrre, the time it takes t<r

hear an echo varies r'vith the distance the sound

mLlst travel to get b:rck to the caller. For exarlple, il
the valley is 0.5 nri. [0.8 km] wide, the echo will
return in fir'e seconds frot-n when the callcr first

shouted. If the vallcl, is narrower, thc ccho will
return sooner. If it is wider, the echo will take

longer to return. A person may helrr morc than one

echo from a single sound. This occr-rrs when souncl

wa.ves bouncc from place to place, producing ser'-

eral cchoes.

Son'retinres an echo is rrot heard even though thc

reflected sound waves reach the ear. 'l'he echo may

not bc hcard if the original sound is too rvcak or if
the reflecting object is too small. It is verv difficult
ro tell the diflerence between the sound and its echo

if the reflecting objcct is less than 30 ft. [9 m] away.

Sound waves traveling through water also pro-

duce echoes. Sonar uses underwater echoes to mea-

sure depth ancl to locate underwater objects. For

example, fishers sornetilncs Llsc sonar to detect

schools of fish.

See also R\L)AI{; S()NAR; SOUND.

ECLIPSE An eclipse occurs when a heavenly

body is obscured b1, a shadow or by another heav-

enly bodv. There are two kinds of eclipses visible

from the earth: a solar cclipse and a lunar eclipse.

A solar eclipse is an eclipse of the sun. It occurs

when the moon moves directly between the sun

and the earth. so that the moon's shadow falls on

the earth. If tl-re sun seems to be covered com-

pletely, it is called a totarl eclipse. During a total

eclipse, the day seems to turn to night. A total
eclipse lasts for a maximum of seven minutes, forty
seconds. During a total eclipse, the outer atmos-

phere of the sun, called the corona, becomes visi-

ble. This aspect of eclipses is of great interest to

astronomers.

Not all solar eclipses are total. In most eclipses,

only part of the sun appears to be covered. These

#:h;
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ECHINODERMATA

Echinodermata are named
after the spiny skins that
most of them possess.
Pictured here are (1) a sand
dollar, (2) a long-spined sea
urchin, (3) a sea cucumber,
(4) a starfish, (5) a brittle
star, and (6) a short-spined
sea urchin.

running throughout the echinoderm's body. The

tubes are filled with seawater. The echinoderm

pumps water in and out of its tube feet, which are

attached to the tubes of the water vascular system.

The tube feet aid in feeding, respiration, and excre-

tion of wastes, as well as in movement. Echinoderms

do not have brains, but they do have a well-
developed nervous system (see NERVoUS SYSTEN.{).
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ECLIPSE

There are two kinds of
eclipses. (1) ln a solar
eclipse, the sun cannot be

seen because the moon is

between the earth and the
sun. (2) ln a lunar eclipse,
the moon cannot be seen
because it is in the shadow
of the earth. ln the solar
eclipse (below), the sun is
just disappearing behind
the moon's disk.

are called partial eclipses. In an annular eclipse, the

central portion but not the rim of the suu is

blocked by the moon. The disk of the sun looks

larger than that of the moon. Solar eclipses are rare

and visible from only a small area on the earth.

Looking directly at the sun during an eclipse or any

other time, even through dark glasses, is dangerous

and may severely damage the eyes.

A lunar eclipse occurs when the earth is

directly between the sun and the moon, so that the

moon lies in the shadow of the earth. A lunar
eclipse can usually be seen by all people on the

night side of the earth. 
-I-he moon takes on a red-

dish color during a lunar eclipse. A lunar eclipse

can occur only when the moon is full. Looking

r_--

directly at a lunar eclipse will not damage the eyes.

For thousands of years, eclipses have fascinated

as well as confused people. Many people thought

solar eclipses were bad omens. The ancienr
Babylonians and the ancient Chinese were among

the first to keep accurate records of eclipses and to

discover their regular cycle.

See dko ASTRoNOMY.

ECLIPTIC 1-he ecliptic is the sun's apparent

path across the sky. The plane of the ecliptic is the

plane in which the earth travels in orbit around the

sun. Since the moon and other planets are roughly

in the same plane, they also follow the ecliptic.
See A/so ASTRONON4Yi C]ELESI.IAL SPHF,RE,.
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ECOLOGY Ecology is thc study of organisnrs

and their relationship to other organisms and to
their surroundings, or environrnent. It is a branch

of biology. A biologist rnav study a mouse to find
out its size, color, and how long it lives. An ecolo-

gist would study wl-rat plants a mouse ears, whar
animals eat thc nlouse, and how the number of
nrice affects the number of animals that eat ir.

An ecological system, or ecosystem, is any
naturally occurring unit that includes living and
nonliving elements, which interact to produce a

stable system over time (see l:COSYS't'Etv{). Lr a large

ecosystem, energy is passed along by onc organism

eating another. This is called a food chain (see

FOOD CHAIN). Ecologists (scientists who study
ecology) study how plants and animals live and
interact in their habitat (a particular area in which
a population lives). They srudy how the population
of each animal or plant changes over time.

Modern technology allows us to change many

things about our environment, altering ecosystems.

For example, we can dig new lakes, drain old ones,

and build dams. Sometimes, when we change
things, we change other things we did nor inrend ro
change. In the 1960s, the Egvptians built the
Aswan High Dam on the Nile River. The dam's

main purpose was to hold back water that occurs

during the annual flood. Holding back the flood-
waters, however, kept the silt that is naturally

deposited by the floodwaters from reaching farrn-

ers' fields downstream from the dam. Farnrers now
have to add costly fertilizers to their fielcls (see rnn-

TILIZER). In addition, holding back the floodwarers
nleant that a particular kind of snail was not killed
each year. 'l-his meant that a tiny worm that breeds

in the snails also was not killed. The worm carrics

the disease schistosomi:rsis. Scientists blame the

dam for an increase in the spread of this disease in

Egyp, (see SCHISTOSC)MIASls).

tcologists now try to learn more about the envi-
ronment so they can predict changes before they
occur. in the early 1970s, the United States was

planning to build a number of large jet airplanes

called supersonic transports (SSTs). Ecologists pre-

dicted that the jets would damage the environment
of the atmosphere. Thus, Americans decided nor ro
build SS.ls.

Human activities continue to grearly change the
environment. Activities such as excessive consrruc-
tion, pollution, and deforestation are affecting
many organisms. For example, logging acrivirics in
national forests in California, Oregon, and
\Washington have placed a species of spotted owl in
danger of extinction. Many other organisms are

threatened by environmental changes caused by
humans.

S e e a ls o CO N S ERVATI O N ; D L, F O R E STATI O N ; Et'- Vl RO N -

MtN'l'; POI-[.UTION.

ECOLOGY

Logging can cause sudden
and drastic changes to the
environment, as in the
Yosemite National Park,
California, shown here. As a

result, birds such as the
spotted owl are in danger ol
extinction.
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An ..oryr,em is any naturally occurring unit that
includes living and nonliving elements, which
interact to produce a stable systenr over time. An
ecosystem can be a small system, such as an ani-

mal's intestines or a decaying log. Larger ecosys-

tems include a pond or a wooded preserve. The
largest ecosystem is called the biosphere, which is

the entire portion of Earth, including the atmos-

phere, that supports life.

Nonliving and living elements both determine

what an ecosystem is likc. Nonlivir-rg elements

include temperature, rainfall, soil composition.
sunlight, the slope and drainage of the land, or the

chemical composition of seawater. Such nonliving
elements help determine thc kinds of living organ-

isms that will thrive in a particr-rlar area. A large area

that is characterized by certnrin spccific types of liv-
ing organisms and other characteristics is called a

biome. Terrestrial biomes include deserts, tundra,
grasslands, evergreen forests, and tropical rain
forests. Freshwater biornes include lakes, rivers, ar-rd

wetlands. Marine biomes inclr-rde the oceans and

estuaries (see UION{E; L,S I LiARY; LI\KL.S ANI) PONDS;

RAIN FOREST).

Living elements that makc up ern ecosvstem

include communities of organisms. A community
consists of groups within a single species or several

species that live together casually in the sarre area.

For instance, giraffes, zebras, and several antelopc

EcosYsrEM

species often share the same range on an Afiican
savanna. These animals form a cornmunity.

The living elements in an ecosvstcn'r determine

how energv is transferred within the ecosystem. All
ecosystcms include organisms that can convert
energy, such as sunlight, into food. These organ-

isms are called producers. In terrestrial biomes, the

producers arc usually plants. In freshwater and
rnarine biomes, they are often protists, such as dif-
ferent types of algae (see AL(;AL-; I)Rt)TISTA). Ir-r cleep-

sea vents at the bottom of thc ocean. where no

sunlight penetrates, the producers are a tvpe of bac-

teria that convert hvdrogcn sLrlfide from the vents

into food.
'l'he producers in an ecosvstcm sLlpport all the

rest of the living organisms within the ecosystcm.

Energv in the ecosystem flows fronr the producers

HARSH EI\T\4RONMENT

These lichens (above)
growing on bare rock have
to survive the freezing
winters of the Antarctic.
The lichen community
makes up a small
ecosystem.

RAIN FOREST

Little light gets through the
dense tree foliage to reach
the floor of a tropicalrain
forest (left). Even in these
gloomy conditions, lush
vegetation thrives.
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to the orgil.nisrns that elrt then'r, thc consumcrs.
'l'hese feecling relationships are called food chains

(see t;()()l) (IHAIN). In a woodland ecosystem, for

example, trees, shrubs, ancl orher green plants are

the main ;rroducers. Deer, rabbits, and micc car

grass, seeds, and leaves, obraining energy directly
from plant fbods. Bobcats, wolves, and foxes prey

on thc deer, rabbits, and rnice. They obtain their

energy by eating the animals that ate the green

plants. In this way, energy flows frorn producers to

various types of consumers within the woodlancl.

f)econrposers, such as beetles, earthworms,
fungi, and various microorganisms, in an ecosys-

tem digest the remains of plants and animals that
have died. In this wrly, the decomposers help recy-

clc er-rergy and nutrients thror-rgh an ecosystem (scc

NI IC-ROORC]ANISM).
't'he stability of an ecosystem depends on the

qualiry and balance of the nonliving elements that
make r-rp the ecosystem ancl the health of the living
organisms in the ecosystem. To try to understand

the complex interrelationships among living and

nonliving elements within an ecosystem, ecologists

(scientists who study ecology) must study a wide
variety of factors. Thcy might take soilsamples and

record weather patterns for successive years in a

particular ecosystem. They might collect plants
and take a census (count) of different plant com-

munities. They probably observe animal habits and

AQUATTC ECOSYSTEM

A freshwater pond is an ec0system that provides homes for
a wide variety of species. These range from bacteria and
other microscopic organisms to vertebrates such as fish,
frogs, and waterfowl. The illustration shows some of these
organisms and some of the ways in which they support each
other's lives to produce a balanced ec0system.
Macroscopic (visible to the human eye) pond life shown
includes: (1) duck feeding on (2) underwater plant; (3) hydra
feeding on (4) water flea; (5) frog feeding on (6)fly; (7)

arrowhead (an aquatic plant); (8) pond snail; (9) duckweed
(the smallest aquatic flower); (10) water scorpion and (11)

minnow, both feeding on (12) tadpoles; (13) dragonfly; (14)

dragonfly nymph feeding on (15) small annelid worm; (16)

pond skater. The pond's microscopic life is shown in two
magnified drops of water-0ne from the clear, oxygenated
water (right) and one from the muddy, oxygenless water (far
riqht). The microscopic pond life includes: (17) paramecium
being attacked by (18)didinium and attacking (19)diatom;
(20) small flagellate; (21 and 22) aerobic bacteria; (23)

spirochete; (24) euglena; (25) rotifer; (26) oscillatoria; (27)

bacteria feeding on leaf; (28) spirillum, a large bacterium;
(29) another diatom; (30 and 31) anaerobic bacteria; (32)

ameba feeding on bacteria and diatoms.
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ECOSTSTEM

Drop of muddy water
highly magnified
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behavior pattcrns, sclcial aclaptrrtions, tcrrirories,
and nesting aucl ficclirrg sites. l)isrr.r1-rti..',t.r ,rt
destruction olcvcn rr fc'rv e lcrrrcnts in thc ccosvste nr

can threrrtcn tl-rc rvell-bcing of the entire svstcnr.

The soil nrru, losc nutrients rrncl bccorlc inflrtilc;
planrs mav not grorv rvell arrcl nrrrv uot reseecl; ar-ri-

tnals nra\. lack suf]lcier-rt firocl soLlrces to rcproclucc.

Htrman beings shrrrc the crrrth with nerrrlr. ten

million othcr sprecics ol lir.ins things, inclr-rcline

plants, animals, rrncl r-nicroorganisms. Sttrclving

ccosystcnrs rrncl rcsolving conflicts benvccn thc
diflbrent uses of ecosystems can l-relp preserve the

crrrth's orgrrnisnrs, irrProvc the qr-rality of lif'e,

ancl conservc netr.rrrrl environnrcnts fbr firture
gcr)erlttlor-rs.

Sca ttlso (.()NSiliVAl I()N; t:(.ot.()(;\';

I'()I,I,LJ I'ION.

WOODTAND ECOSYSTEM

ln a woodland ecosystem, the trees
producers, and are atthe beginning

l:NVIR()NNll:N l i

and other plants are the
of the food chain.
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ECTOPLASM Ectoplasm is the semisolid, jelly-

like outer layer of the cytoplasm within a cell.

Cytoplasm is the mixture of water, salt, and organic

material that lies between the cell mcmbrane at'rd

the membrane of the nucleus. Ectoplasm plays an

important role in cell division and movement.

See AIso CELL; CY-|(-)PLASM; L,NDoPI ASM.

ECZEMA (Ek'sa ma) Eczema is ar common fornr

of dermatitis, which is any inflammatior-r ol the

skin. In eczema, the skin turns recl, and fltrici-frllecl

blisters, called vesicles, may form. Also, crusts rud

scales may devclop on thc sr.trface of thc skin.

Eczema usually causes the skin to itch. lf scratched,

the skin may become infected Lry bacteria.

Doctors believe eczclnll is cat-tsccl by manv

things. 'fhe most conunon crtuse is art allergy,

which is an abr-rormal sensitivity to certain sub-

stances (sec AI-LL,RI;r'). The substanccs nray be in

something the person eats or toucl'res. Some platrts

give off certain substances that caLlse eczenra. For

instancc, oils procl-rcecl by p-roison iry cause a form

of eczenra when thc oils cone in contact with an

allergic person's skin.

Curing eczerla is often very difficr-rlt. The nrost

important part in treating cczema is to fir-rd out, if
possible, what caused thc rash. A doctor may use

skin tests to dctcrmitre how the person reacts to

various substarnces. l'his may help find the cause of

eczer-llll. Tr-ctrtnrent usually involves removing the

cause . Otl-rer important aspects of treatment are

controlling the itching rvith rnedicated creams or

batl'rs ancl rcchrcing el-notionarl stress.

EDISON, THOMAS ALVA (1847-1e31)
'l'hornrrs Alva L,disorl was one clf the greatest inven-

tors in history. Hc changed the lives of millions ol:

peo;rle rvith invet'rtions such as the electric light,
pl'ronograph. lrncl motiorr picturc carner:.I. His con-

cept of inerpensivc electricity gcnerated Lry huge

electric-porver stations made it possible for people

to cnjor. the benefits ol electricity in their homes.

L,clison pate nte cl 1 ,093 inve ntions during his

lifetimc.
Edison also improvecl the inventior.rs of other

peoplc, such as the tclcphone, tvpewriter, and elec-

tric ger-rerator. He predictccl the use of atomic
cncrgy and experinre nted in the field of medicine.

He alrvays tried to develop practical devices that

r,vor-rld need little maintctrance or repair.

L,dison had only three months of forrnal school-

ing. He was born in Ohio but spcnt n-rost of his lifb

in New Jersey.

In 1869, Edison macle improvelnents in the

stock ticker, an electric clevice that transnrits ncws

of stock prices and displays them on a paper tape.

He patcntcd his improvcments and was paid

$40,000 for thern bv the leacling manufacturer of

THOMAS ALVA EDISON

Many of Thomas Edison's
inventions made use of
electricity. Chief among
these was the electric
filament lamp (below),
which originally used a

carbon filament in a glass
bulb containing a vacuum.

l

Edison is shown {left) in his
New Jersev workshop.
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stock tickers. That was a hugc amollnt of money in

I B(r9. Edison usecl it to open a workshop and lab-

oratory irr Merrlo Park, a sr-rbr-rrb of rhe city of
Newark. He bccame knorvn :rs the "Wizard of
Menlo Park" because of his rnany inventions.

Eclison improved thc tvpewriter in 1874 by strb-

stituting metal parts lor wooclen parts. In 1876, hc

irnprovecl the telephone by adcling ir carbon rrans-

mitter. Eclison astounded the worlcl in 1t177 with
his invention of thc phonoeraph, or "talking
machine," rrs it was then called.

ln 1879, Edison workecl olrt the principles for
making an electric light bulb. He experimented for
two more years to find a filament, or wire, that
would give good light when electricity flowed
through it. On October 19, 1879, Edison placed a

filament of carbonized thread in a bulb. \iZhen

electricity flowed through the thread, it glowed
brilliantly, producing a bright light. In lBBl,
Edison designed or.re of the world's first electric-

Powcr-generat i ng strlti()ns.

Edison clevelopecl a motion picture cameril in
the late 1BBOs. He experimented with it in a small

builcling near his workshop that was painted black
inside and out. Edison made many experimental
films inside this building, including the first box-
ing match ever filmed. In 1889, he combined the
motion picture canlera with the phonograph to
produce the first films with sound. Until then,
motion pictures had been silent. The actors'words
had been shown on the screen in printed form.
"Thlking pictures" revolutionized the morion pic-
ture industry.

T'hroughout Edison's life, his work was his great-

est joy. He spent long hours every day in his work-
shop. The inventor received many awards for his

achicvements. The United States presented him
with the Distinguished Service Medal for his

design work on torpedoes during World War I
(1914-191U). France awardecl hirn the l.egion of
Honor. Presiclent Dwight f). F,isenhower declarecl

his Menlo Park workshop a n:rtion:rl monunrcnr ir-r

1956. Henry Forcl, the well-known industrialisr,
once sllggestecl that the period when Edison livecl

should be callccl the Age of Edison because of the
great inventor's many contribr-rtions to humankind.
See a/so I-.t.r,.(l'l'l{l(11 l Y; f.l.F.(.'l'R.l(. l.l(ltl l; INVI-.N'l'lON;

\.1()'l ION l)l(.'lUI{F.; SOUNI) RI--(l()RDIN(;;'l'F.t.F.-

PHONI-..

EEL An eel is a long, snakelike fish that lives in
both salt wertcr and fresh water. It is a member of
the order Anguilliformes. There are eight families

and fiftv-five species of ccls in North American
waters. All bLrt tl-re American eel live only in the

ocean. Many of these saltwater eels, such as the
moray ccl, grow large and have many sharp teeth.

They can be dangerous to skin divers (see li.lc'l'ntc-
rrrsH).

The Amcrican eel is a mcmber of the farnily
Anguillidae. Adults live in freshwater srreams and

ponds. \iZhen it is time for them to reproduce, they
swim down the rivers and travel to rhe Sargasso Sea,

an area in the Atlantic Ocean sourhwesr of the
islands of Bermuda, where the eels spawn (see

SPA\(/NINC]).

After hatching, the young eels (called elvers)

swim to reach the stream in which their parents

lived. Males, which grow to 2 ft.10.6 ml in length,

do not travel many miles upriver, bur the females,

which grow to 4 ft.11.21 ml in length, may swim
hundreds of miles upriver. Eels even travel through
underground water passages. Some end up in land-
locked ponds and lakes. However, only the eels that
can return to the Atlantic Ocean are capable of
reproducing.

EEL

Adult American and European
eels live in fresh water but swim
to the sea to spawn. The marine
larva (far left) is known as
leptocephalus. The larva
hatches and turns into an elver
(center). Elvers then swim to
reach the stream where their
parents lived. An adult European
eel is pictured near left.
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EFFERVESCENCE (Efar vas' ans) Efferves-

cence is the making of small bubbles of g,rs in a

liquid. 'l'he gas nray be made by a chemical reaction

in the liquid.
Effervescence can be seen when tablets or pow-

ders that are meant to calm an upset stomach are

added to water. 1'he ingredicnts in the tablets or

powders include wcak acids and bicarbonates.

They dissolve ancl react together, producing bub-

bles of carbon dioxide gas.

Effervescence also occurs when a gas under pres-

sure has dissolved in a liquid, and the pressure is

then relcased. This happens, for example, when the

cap is removed from a bottle of soda. Carbon diox-

ide gas dissolved in the soda water leaves the solu-

tion and forms bubbles.

EFFICIENCY (i {ish'an se) In physics, efficiency

is the amount of energy a machine provides com-

pared with the amount of energy the machine uses.

In other words, efficiency is the amount of work
put out by a machine divided by the amount of
energy put into the machine. This can be written as

a formula or equation:

F,fficiencv =t

output energy or work

input energy or work

Some of the energy put into a machine is lost as

heat in overcoming friction (see FRICTION).

Therefore, the efficiency is always less than 1.

Scientists express efficiency in percentages. For

example, the efficiency rating of a four-str-oke-cvcle

gasoline engine may be as low as 25 percent. The

inelficiency of the engine is due to the high heat

loss of the cooling system and the lriction ol its

moving parts.

In most machines, thc input energy is not fully
converted to output work. An electric motor, for

example, may consume 500 watts of electricitl' to

provide 400 watts of useful mechanical power.
(Power is the rate at which work is done.)

Efficiency =
output work

input energy

- 4oo 
= o.u = uo,lrr

500

The 100 watts of inpr.rt power that are not con-

verted to useful output power are conve rted to heat

in the motor. Heat is produced by the electric cur-

rent passing through the coils or wires in the motor.

Heat is also produced by mechanicalfriction of the

motors moving p.trts.

The term fficiency is also used in connection

with things besides machines. An electrical trans-

former can be more than 98 percent efficicnt. 'l'he

human body has an efficiency of about 24 percent.

See also ENL,R(lY; MACFIINF-.

EFFLORESCENCE (eI'la rEs'ans) L,fflores-

cence is a change that occurs in certain crystals. The

crystals become covered with dry powder. This
happens most often when the mir is dry (see (IRYS-

rel) . fhe change occurs because molecules of
water evaporate from the crystals (see Mt)l.F-t.L.rt-F-) .

Washing soda (hydrated sodium carbonate) is an

example of a substance that effloresces. It contains

ten molecules ofwater for each molecule of sodium

carbonate. Its formula is Na,CO3 10 H.O. The

water in the crystals is called water of crystalliz-a-

tion. Up to nine molecules of this water can be lost

from each washing soda molecule. The crystals

may eventually crumble into a powder.

The opposite of efflorescence is called deliques-

cence. When this happens, crystals take up water

from the air around them.

ACTTVITY Watching bubbles in water

Place one-third of a

cup of warm water
into a clear glass.
Add one teaspoon of
baking powder and
stir. Watch the
powder bubble as it
dissolves. This
effervescence is

caused by bubbles of
carbon dioxide.
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Ecc
Atl .gg is a fenrale reproductive cell. Most animals
reproduce by means of cggs. (ienerally, thc young
develop afier the eggs are fertilizccl. Many insects,

horvever, crrn reproduce withont fertilization.
Fertilization occurs whcn the egg joins with a

sperm, or male reproductive cell. Fertilizatior-r pro-
duces a single cell called a zygote. This zygore

dtvt'lops into rt ttcw olgarrisnr.

Eggt and reproduction'fhere a.re rwo wrrys in
which cggs are fbrtilized: externally and internally.

In external fertilization, the egg ancl sperm join
outside the organism's body. Animals that live in or
around water, such as fish and flrogs, usually fertil-
ize their eggs externallv. A female lavs the eggs

in water. There the eggs mix with and are f-ertilized

by sperm that a male releases into the water near

the eggs.

L,ggs that are fertilized in water do not have a

hard shell to protcct thern, as birds' eggs do. Often,
as in the case of frogs and salamande rs, their only
protection is a thin outer layer of a soft, jellylike
material. Thereforc, sr.rch eggs must always be kept
wet. If they do dry out, the embryo inside them

quickly dies. The embryo is the organism at an

carly stage of growth.
Most animals that live on land, such as insecrs,

reptiles, birds, and mammals, reproduce by means

of internrrl fertiliz-ation. fhe males place their
spcrm cells inside thc fcrnale's bodl', where the
sperm fertilizes one or more eggs.

Most nonrnammals, such as birds, snakcs, rur-
tles, and alligators, then lay their eggs. That is, they
force the fertiliz-ed eggs out of their bodies. The
eggs of some reptiles, however, are hatcl-red inside

the mothcr's body. Oncc outside, the eggs are then
incubated, or kept at the proper temperarllre, ro

help the embryo develop r.rntil it hatches.
Sometimes, as in the case of birds, the parenr birds
sit on the eggs to keep them ar rhe right ternpera-

ture. Other anirnals, such as alligators, build nests

out of plants. As this material clecays, it produccs

the heat needed to keep the eggs warm.
The eggs of alnost all mammals are very srnall.

The eggs remain within the mother's body whilc
the embryo develops. In humans, development
takes nine months. \7hen the young are large :rnd

strong enough to survive on the outside , the
mother forces them out of her body in the pnrcess

called birth.
Eggs come in various sizes, shapes, and colors.

For example, the ostrich egg is more rhan 6 in. [15
cml long. Other eggs are so tiny that a powerful
microscope is needed to sce them. Somc animals,
such as many birds, produce only a few eggs at a
time. Humans produce only one egg ar a time.

RI,PTILE ECGS

Many reptiles lay eggs with
leathery shells. Here young
Burmese pythons wriggle
out of thelr shells.
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PARTS OF AN EGG

The chief parts of a bird's egg include (1)shell, (2)shell
membranes, (3) albumen (white), and (4) yolk.

Air
space

EMBRYO

As a bird embryo develops inside an egg, the yellow yolk
provides nourishment. When the chick is fully grown, it
hatches by pecking its way out of the shell.

Other animals produce a very large number of eggs.

For example, the American oyster releases hun-
dreds of millions of its eggs into the water each year.

Parts of an egg The most familiar egg is that of
the chicken. Chicken eggs are typical of birds' eggs.

They have five main parts: shell; membranes;

white; yolk; and germ, or embryo.

A chicken egg's shell is like armor. It is the egg's

first line of defense from harm. At first glance, an

eggshell looks solid. However, it is actually full of
pores, or tiny holes. These holes allow gases to pass

in and out of the egg. \iTithout this exchange, the

developing embryo would soon die.

Two very thin membranes, or skins, are located
just inside the eggshell. They surround the white
and the other internal parts of the egg. Like the

/"
\ ':\ ,./'\:;=-;*-;,

t*t"t!a-.a.* 
.. ,- ---ot'.'t,-+__-j

shell, the membranes allow gascs to pilss in and out
of the interior of the egg.

l'he egg white looks simple, but it is actually

made up of four separate layers that alternate. Two

of the layers are thin and rllnny, and two are thicker
and more jellylike. -fhe white surrounds and pro-
tects the yolk. Part of the white is twisted into two

ropelike structures, one at either end of the yolk.
These are chalazas, and they help hold the yolk in
place, while at the same time allowing it to turn and

twist. This twisting prevents thc yolk from crush-

ing the embryo when the egg is moved.

The yellow yolk is contained in a protective sac.

The yolk provides the nourishment the embryo
needs to grow and mature. The germ, or embryo,

is the most important part of ar-ry egg. It is the part

that develops into a new animal-in this case, a

chicken. All the other structures of the egg are nec-

essary for this process to occur.

Importance of eggs Besides their role in repro-

duction, eggs are an important source of food for

people. Eggs of such animals as birds, fish, turtles,

and sea urchins are prized lor their taste. Chicken

eggs are a good source of prote in, iron, and phos-

phorus. They also provide several important vita-

mins. However, eggs also contain cholesterol, a

fatty substance that has been linked with some

types of heart disease.

Eggs have many other important uses. They are

used to make ink, varnish, soap, shampoo, fertil-
izer, animal feed, and vaccines.

S e e d ls o F.N.,l IIRYO; F L,R l l LlZATIOrl.- ; CIAM ETF. ; RF,PRO-
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EGG STIAPES

The egg of a guillemot is very pointed s0 that it rolls around in

a small clrcle when disturbed. As a result, it is less likelyto
be knocked off a rocky ledge.
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EGG

EGGPLANT The eggplant is n perennial
plar-rt that procluces a large, edible, dark ptrrple
fn-rit also called eggplant. T.he eggplant is a mem-
ber of the nightshade lamily and is closely relatcd

to the potato (see Nl(;H'l'SHAI)ll I-Ai\lll-Y; I)L.RF.NNIAl.

l't.AN t). lt is nativc to Inclia and is now grown
throughout thc world in warm remperate or
tropical arcas.

The plant is bushlike, growing as tall as B ft.12.4
ml. It has large, grayish, prickly leaves, and pr-rrple

or blue flowers measuring irbout 2 in. [5 cm] in
cliameter. The fruit reaches a length of 2 to l2 in.

[5 to 30 cm] ancl may be purple, brown, yellow,
red, white, or striped. 'l'he purple variety is the
most popular for eating.

shorebirds in Sor-rth (larolina, Floricla, Louisirrnr,
Texas, anci some othcr states.

'l'he nrost common egrcts in the Unitecl Statcs

are the greirt whitc cgret (once callecl thc Arnerican

egret) and the crrttle egret. 
-l-hc 

great rvhitc cgret is

about 35 in. [90 crn] tall with a lvir-rsspan of about
6 ft. [1.lt m]. This species produces rl'rc lor-rgest

plumes. 'l-hc smaller cattle egrer srancls about 20 in.

150 cml tall with a wingspan of abour 3 fi. [1 m].
'I'he cattlc egret fbeds on snrall insects stirrecl r-rp bv

the movement of cattle and other large rnammals

thror,rgh open grasslands. Some carrle eqrers ride on

thc backs of the cattle and w:rter buff,rlo.'l'hcv pick
ticks and other insects fronr thc anirnrrls'skin.
Cattle egrets came to South America from Africa,
reaching the United Sratcs aroLrnd 1945.

EGGPTANT

The fruit of the eggplanGlirrn
its center.

and has many seeds along

ECRET (e'grit) 'l'he egret is any of several species

of long-legged birds belonging to rhe heron family
and characterized by long, elegant feathers called

plumes (see Ht-.RttN). Egrets usually live in warm
areas in or near lakes or marshes, though some

species inhabit open grasslands. The egret has an S-

shaped neck and keeps its head tucked betwccn its
shoulders when in flight. The egret's plumes appear

only during the mating scason. They werc ar one

time considered valuable additions to hats and dec-

orations for Asian cerentonial costumes. Egrets
were once in dangcr of extinction because hunters
killed millions of them for their plumes and left the
helpless young ro srarve (see t-x't'tNt;TION). The
Audubon Society anc{ other conservarion groups
helped establish laws to protect the birds in many

areas (see ALJDL.TBON, IOHN JAMES). There are now
sanctuaries (protected arcas) fbr egrers and other

EGRIT
During its courtship display, the great white egret stretches
its head and neck vertically and raises the long showy
plumes on its back.

EIDER (i'dar) 'l'he eidcr is a sea duck rhat belongs

to the family Anatidae. It is a hcarr,'-bodiecl duck
with a short neck ancl wings. There are four species

of eiders in North America. Two species are lcrund

mainly in Alaska. 'fhe other two specics live
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EIDER

throughout the northcrn plrrt cllthe continent. J'he

leathers fron'r these c'llrcks hrrve lreen usecl as stuf]-
ing fbr pillorvs, mnttrcsses, slecpir-rg bags, and

clothine. Thcv arc vcry lisl'rt but holcl warmth well.

See olso t)ti(.K.

EI

(ierm:rn1'. In 192

Prize for phvsics.

of-fered Einstein
acccpted the ofler
zen in 1940.

1, L,instein received the Nobel
In 1932, Princeton Ur-riversity

a lifetime professorship. He
ancl became a LJnited States citi-

Einstein's ideas Einstein's rhcory of relativity
greatly changcd scientific thought with nerv con-

cepts of time , sprace, motion, and gravitation. His

fornrula, E=mc), is one of the nrost important
eqLlations in science. ln this forn'rula, E stands for

energv, rn for mass, ancl r'l fbr the speed of light
multipliecl bv itsclf. This lormula shows that if
mattcr, which is anv material or substance, is com-

pletelv changed to energv such as heat or light, the

amolurt of cncrgv produced is huge. With the

knowledge of this forrnula, it became possible to

inragine the atomic bomb and latcr to nake it.
Many of E,instcin's ideas were difficult to undcr-

stand. Sclme of them, however, came out of other,

quite basic ideas. For exanrple, to a person living in
New York, Pittsburgh is rvest. To a pcrson living in
Ariz-ona, Pittsburgh is east. TI"rc direction of
Pittsburgh is rel:rtivc. It deper-rds on where a person

is. Thc same kind of idea is truc lor things that
move. For exan"rple, if a person is sitting in rr u'rrin,

ancl another train begins to p:rss bt' the windorv, it
is clifllctrlt fbr the person to tellwhich traiu is nrov-

ins. 
-l-herefore, motion is rclative. L,instein built on

these ideas. He inclucled the n-rotion of light itself

The black and white
common eider is a diving
duck that spends most of its
trme at sea

L '*'fu

EINSTEIN, ALBEI(T (1879 1955) Alt,ert
L,insteir-r (in' strr-r'), a Clerman-American scientist,

was one of the greatest contributors to moclern

phvsics. Eir-rstein rvas born in Ulrn, (lermany, but
soon nrovecl to Municl-r. After ptrblic scl'rool in

Mr.rnicl-r ancl in Arrrrru, Slvitz-crlancl, L,instein str-rcl-

ied math ancl phvsics rrt tl're Srviss Polvtcchnic
Institute in Zrrrich. He rvas gracltrated in 1900. Hc

became a Sr,viss citizcn at tl'ic age of twenty-two.
From I 902 to 1909, hc r,vrrs ernplovecl at the p:rtcnt

office in Bern, Sr'vitzerl:rnd. During these vears,

L,ir-rstein publishcd thc flrst part olhis far-nor-rs thc-

orv of relativity. In 1914, he bccane ir professor at

the Prussiat.r Acaclemy of Sciencc in Berlin,

ALBERT EINSTEIN

0ne of the greatest
scientists of the twentieth
century, Einstein is best
known for his theory of
relativity. This provided the
theoretical basis for nuclear
power. Here Einstein and
his wife relax while on a

boat trip.
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in his thinking. He joined together space and time
in a new theory of relativity (see nnl.Rtlvtry). He
reasoned that since the speed of light is constant,

distance (or space) and time, which define the

speed of light, must be relative.

Einstein also made great advances in the quan-

tum theory first suggested by Max Planck (see

QUANTUM ]'tlEORY). He explained how the phe-

nomenon known as the photoelectric effect occurs
(see l'}HO'l'OL,LL,C-fRIC EFFECT).

Einstein was also concerned with the force of
gravity and electromagnetism (see nt.nCtnOMAG-

NETISM; GRAVI'I'Y). Einstein tried to combine elec-

tromagnetism and gravitational force in a single

theory called unified field theory. He spent the last

twenty-five years of his life working on this theory,
but he never formulated a theory with which he

was completely satisfied.

ELAND The eland is an oxlike mammalnarive ro

the plains ofAfrica. It is the largest of the antelopes,

standing 6 ft. [1.8 -] tall at the shoulder and
weighing as much as 2,090 lb. plO kg1 (see ANT'I,-

LoPt; MAMMeI). It has spirally twisted horns, about

3.3 ft. [1 m] long, humped shoulders, and a dewlap
(flap of skin) hanging from the neck. The eland is

brown, with eight to fifteen white vertical stripes

running down its sides. It has a black stripe running
along the length of its back.

The eland grazes in herds of two hundred or
more in open plains and light forests of central and

The eland, found in Africa, is the tallest and heaviest of the
antelopes.

southern Africa. People have dornesticated the

eland, and it has become a valuable ferrn animal. It
is easily trained and has an immunity to many dis-

eases found in Africa. The eland can also survive

drought, surviving for weeks without water.
-I'here 

are two major species of elands. The corn-
mon eland is pale brown in color and lives in both
central and southern Africa. The larger Derbv
eland is reddish brown, has heavier horns, and lives

only in ccntral and western Africa.

EIASTICITY
A rubber band is elastic. lt returns to its original length after
being stretched.

EIASTICITY When an object is stretched or
compressed, several things can happen. The object

can stay stretched or compressed, it can break, or it
can return to its orginal shape. If it springs back to

its original shape, it is said to have elasticity. Rubber

and steel are elastic materials. All solid materials

have some elasticity.

Force is needed to stretch an object. The amount
it stretches is proportional to the force. If the force

is doubled, the object will stretch nvice as far. This
is called Hooke's Law, which was discovered by

Robert Hooke, an English physicist, in 1678 (see

HOOKE, ROBERT).

An object can only be stretched elastically a cer-

tain distance, then it will either break or stay

stretched. tJThen either of these things happens, the

object has passed its elastic limit. If it has not bro-
ken, only a small extra force is needed to stretch it
still further.

\fhen an object is stretched, it is said to be under
stress. There are other ways of stressing an object.

One way is by twisting it. This is called torsion.
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Only elastic materials return to their original shape

when twisted and then let go. Hooke's law applies

to this type of stress. ln this case, measuring the

angle that the object is twisted gives a measure of
the force applied to the object. For an elastic object,

this angle is proportional to the twisting force.

Again there is an elastic limit. If the object is

twisted too far, it will break or remain twisted.

ELE

metal movable part called an armature. At one end

of the armature is a clapper that produces a ringing

sound when it hits the bell. Also attached to the

armature is a spring that presses against a screw.

The armature is made of iron or another metal that

can be magnetized. An electromagnet, which is

powered by the circuit, magnetizes the armature,

attracting the armature toward the electromagnet

and the bell. However, as the armature moves

toward the bell, the spring moves away from the

screw breaking the circuit. Because the circuit is

broken, the electromagnet no longer attracts the

metal armature. Thus, after striking the bell, the

armature moves away from the electromagnet.
\When the spring again makes contact with the

screw, the circuit is completed again. Then the

armature again moves toward the electromagnet,

causing the clapper to hit the bell. The repeated

completing and breaking of the circuit causes the

doorbell to make its vibrating ring.

B atte ry

ELECTRIC BELL

The diagram shows a battery-powered doorbell, a common
type of electric bell.

ELDERBERRY

Elderberries provide food for birds and other animals. They
can also be made into jelly or wine.

ELDERBERRY The elderberry is a small black

or red berry produced bv the elder plant. The elder

plant is any of fortv species of trees or shrubs

belonging to the honeysuckle family and growing
in temperate regions throughout the world (see

HONtYSUcKI.F. I:A1\1lLY). The elder plant has leaves

divided into several pointed and toothed leaflets.

There are large clusters of small, white, saucer-

shaped flowers that are followed by small fruits
called clderberries. Elderberries are a food source

for wildlife, and the berries of some species can also

be processed into jelly, medicine, or wine.

ELECTRIC BELL The doorbell in the average

home is an electric bell that works on the principle

of electromagnetism (see nl-uct't'noMACINETISM).

Pushing the br-rtton of an electric doorbell com-

pletes an electric circuit, causing the doorbell to

ring (see clRCUIT, L.LEC t.Rlc). The circuit includes a

Sp ring

Armature
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ELECTRIC FISH A nr-rn'rbcr of species of
fishes are known as clectric fishes because rhey are

able to procluce electricitv in their bodies. 'l'he

better-known elcctric f-ishes rrre the elccrric ccl. the

electlic catfish, and the elcctric rav (see (.Al trtsH;

EL.L; RA\'). 'l'hcv procluce electricitv wirh special

muscles. Most nruscles contrrlct when a ncrvc stim-
ulates them. A special "elcctric" nruscle crrnnot con-

tract. \When a nerve stimulates it, an electric
cllrrent is prodr.rcccl. The electric eel is able to pro-
duce a discharge r-rp to (r50 volts. This is enough ro

stlln !ln\. large lrnimal in the water.

Electric flsh usually usc electricity to cleflnd
tl'remselves. Some of the fish lrsc ir to stun anc{ cap-

tllre pre\'. Fish also use the electric fielcl thev pro-
duce to flnd their way in nrr-rcldv wllter.

ELECTRIC FISH-Best-known
The best-known electric fishes are the electric eel (which
produces shocks up to 650 v0lts), the electric catfish, and the
electric ray, all pictured below.

Electric eel

ELECTRIC FISH-Electric fi eld

0bjects in the water distort the weak electric field produced
by an electric eel (above). The changes in the field are
detected by the eel and help it t0 l0cate objects.

-W

Electric catfish

Electric ray
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E,lecrricitl, is the energy associated rvith charged

particles, whctl'rer they are stationary or moving.

Stationarv charged particlcs callse static electricity
(see Ft F.(l'l'R()S'l'iYl'l(.S). Moving charged particles

cause electric curre nt (see (lUll.RLN l, l-LD(-TRIC).

Elecrric current is associated with electromagnet-

ism because a changing elecrric field, which is gen-

erated bv an clcctric current, produces a magnctic

field, ancl a changing magnetic field induces an

electric current (see l.l l;(-'l'R()N'{A(;NF.TISN{).

How we use electricity I'cople have harnessed

electricity and put it to many uses. C)ur homes are

full of electrical appliances, such as refrigerators,

washing machitres, microrvave ovens, and televi-

sion sets. Office workcrs rely on electricitv fbr

ETECTRICITY

electric tvpewriters, compu.ters, and photocopving
rnachines. Industries r.rse electricity to run much of
their equipment, including motors, conveyor belts,

and robotic arms. Our world would not be the

samc without the telephone and the electric light.
In fact, electricity is one thirrg that has nrade the

modern world modern.

How we get electricity To use electricity, we

mllst control its flow. Electric circuits channcl thc

flow of electric current (see (llRCUIT, F.I.F.CTRIC).

Electric circuits need a source of electricity, such as

LICHTNING STRIK-E

Flashes of lightning strike buildings in Tampa Bay, Florida.
Lightning is a huge spark that jumps from electrically
charged clouds to the ground.
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ELECTRICITY
GENERATION

Heat from a nuclear reactor
or from burning coal or oil is
used to make steam to drive
a steam turbine. The turbine
spins a generator to
produce electricity.
Alternatively, fast-flowing
water from behind a dam
turns a water turbine that
drives a generator, or a

small generator is turned by
rotating propeller blades
driven by the wind. The
voltage of electricity from a

power station or hydro-
electric plant is increased
to thousands of volts by a
step-up transformer. The
electricity is carried across
country by power lines
suspended from pylons.
Step-down transformers
reduce the voltage for use
in homes and factories.

Coalmine

Uranium mine

Hyd roe I ectric
energy,

Power station

Turbine (generato

Turbine (generator)

Turb in e

(generator) L-

a battery, a solar cell, or a generator. Batteries and

solar cells are useful for small, portable devices.

They are also used in cars and other vehicles that do
not have continuous connection to a stationary
power supply. However, most electricity we use in
our homes, factories, and offices is supplied by gen-

erators (see GENERATOR, ELECI'RICAL). The genera-

tors in power plants produce electricity that travels

over power lines. This electricity is usually in the
form of alternating current (see ALIERNATING CUR-

RENT). Ultimately, this electricity is fed into our
homes through wires that run through the walls.

Generating electricity requires tremendous
amounts of energy. Such energy is needed to power
the huge turbines that drive the generarors in

Electricity used in

fa ctories

R

**\|\ f/

Transformer



power plants (sec ENF.RGY; TURBINE). Most power

plants today use nonrenewable sources of energy,

such as coal, petroleum (oil), natural gas, or ura-

nium, to generate electricity. Renewable sources of
energy, such as solar energy, wind energy, geother-

mal energy, and water power, will likely become

increasingly important for generating electricity in
the future (see HYDROELECITRIC POWER).

How electricity is measured Scientists and

engineers use a number of diffe rent terms to
describe and measure electricity. Vo/tage, given in

ELECTRICITY

volts, measures electrical potential. Voltage is also

known as electromotive force (see EI-EC'|ROMoTIVF.

FORCE). Current strength is measured in amperes,

also called amps. Resistance to the flow of electric-

ity in a circuit is measured in ohms. Electrical power

is measured in watts. The amount of electrical
power used in the average household over the
course of a month is measured in the thousands of
watts, or ki/outatts. The amount of electrical power

generated by a power plant is measured in the

millions of watts, or megltw/1//s (see AMPI,RL,;

OHM; \ilAfT).

Electricity used in

homes

High-volta ge electricity
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Low-volta ge electricity
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How electricity was discovered A (lreek

pl'rilosopher named f-hales macle the first recorcled

observmtion of electricity around 600 n.c:. He
rubbed a piece of amber with cloth. Thc anrber

then mttra.cted other objects. This happened
because the amber accluired an elcctric charge.

Electricity got its nanre frorn thc Grcck word fbr

In tin're, pcople noticed that other materials,

when rubbed, were able to attract anc{ repcl objccts.

By the early 1700s, scientists were doing cxpcri-
ments with such objects. ln the middle 1700s,

Benjamin Franklin began doing experinrcnts lvith
lightning, which he proved was a form ol static

elecrricity (see I,RANKLIN, RI-.NJAMIN).

In 1780, another effect of electricity lvas noticccl.

An ltalian named Luigi Galvani touchccl the back

leg of a deard frog with his knife. When he did this,

the leg twitched. He hypothesized that this rvas duc

to electricitl (see (;AI.\ANl, l-Ul(;l). Another Italian,
Count Alessanclro Volta, found out what was hap-

pening (see VOLIA, ALLSSi\Nl)Rcl). 'l-he knilc was

made out of brass and iron. 'I'hese metals actecl on

a certain liquid in the frog's leg. This produced

electricity. Volta built the first battery, basecl on his

findings, in the late 1790s (see Bdl"l'trRY).

THERMAI POWER
STATION

A power plant that uses the
heat from burning coal, oil,
or gas to make steam to
drive turbines is known as a

thermal station. These
stations are designed to
minimize the amount of
harmful products of burning
that pass up their
smokestacks into the
atmosp h e re.

HT'DROELECTRIC
POWER PLANT

ln this power plant (right)
the water collected from
behind the dam spins
turbines that, in turn, rotate
huge electrical generators.
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ELECTRICITY

SOIAR POWER

Solar cells convert the
energy of sunlight into
electricity. A large number
of solar cells are used to
power this experimental
car, which is totally
pollution free.

q!E4.N PowER
Hydroelectric power
stations are favored
because they cause no
atmospheric pollution.
However, they need a large
reservoir of water and have
to be sited carefully to avoid
causing damage to the
surrounding environment.

In the early 1800s, scientists began cxperiment-

ing rvith electrical circuits. ln 1831, the British sci-

entist Michael Faraday discovered the connection

benveen electricity and magnetism. He took a cir-
cuit that did not have any curre nt lunning through
it. J'hen he rnoved it around inside a magnetic field.

This produced a current in the circuit. Faraday had

discovered a very good way of producing electricity.

Faraday also discovered the opposite effect. He

placed a wire with a current running through it

berween the poles of a magnet. Vhen the current

changed, the rvire moved. This effect is now used in

electric motors (see r.antO,ty, MICHAEL).

The discovery of the principles of electromagnet-

ism led to the development, in the late 1800s, of gen-

erators that could produce huge quantities of
electricity. With this development, electriciry soon

came into wide use throughout the United States and

Europe. Electricity quickly became a necessity of our

modern world.
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ELECTRIC LIGHT An electric light is a

device that uses electricity to produce visible light.
Electricity can be used to produce light irr three

ways. Electricity can be passed through a wire so

that the wire glows red hot or white hot. Electricity
can be made to pass through a gas. This rnakes the

gas glow and give off light. Electricity can be passcd

through other gases that then release ultraviolet
rays. These rays clruse other substances to glow (see

ELEC]TRICITY).
-fhe first electric lights were incandescent lights

(see INt.r\NI)ES(tt-.N(tt-.). An incandescer-rt light con-

tains three basic parts-er base, a wire called a fila-
ment, and a glass enclosure called a bulb. The base

is connected to the electric circuit (see CIRclLil'l',

F.I-F.CTRIC). The clcctric cllrrent flows lrom the base

to the filament. The bulb encloses the filament so

that air does not callse the filarnent to burn up. The
filament has rcsistance to the electricity flowing
through it (see RL,SISIAN(IF-, l--t.t-(ll'Rl(lAt.). In over-

coming the resistance, the electric current heats the

filament to 5,400"F [3,000"C]. Tl-ris causes the fil-
ament to glow white hot.

FLUORESCENT LAI\4P

Phosphor coating

Mercury
vap0r

Base

ELECTRIC LIGHT-Home lighting
Electricity passing through mercury vapor in a fluorescent
lamp (above) produces ultraviolet rays. These rays strike a

phosphor coating on the inside of the glass tube, making it
glow with bright light. ln an incandescent lamp (right),
electricity passing through a thin tungsten filament heats the
filament until it is white hot and gives off light. Argon and
nitrogen gases inside the bulb prevent the f ilament f rom
burning away.

Thc first it'rcandcsccnt lights wcre invented by

Thomas Edison (see l-tltsclN, 'I HOMAS ALVA).

Edison experimented for nore than two years to

fird a filament that wor.rld give goocl light when

electricity flowed through it. In I879, he success-

fully used a burned cotton thread as a filament.
Today's incandescent lights have filamcnts nradc

of the metal tungsten (see 'l'UNC;S'lEN). Tungsten

gives a much whiter light than carbon when it
glows. The filanient is shaped like a coil. The bulb
contains the gases argon and nitrogen (see AR(iON;

Nl'l t{O(;L.N). These gases do not react with the metal

of the fllament, so the metal does not burn
(see F,vAPORATION). Most light bulbs in today's

homes use between 40 and 150 watts of electric

power (see wAt"l.).

Many of the lights that are used to light streets

and business signs are tubes containing gas. tWhen

electricity is passed through the gas, the energy

excites the atoms. The atoms give off this extra

energy as light (see AI'oNt). Different gases glow in
different colors. Neon gas glows bright red (see

NEON-). Metal halide gas glows white. Sodiuni

Glass tube

INCANDESCENT LAMP
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vapor glows yellow. Mercury vapor glows bluish
white light. Lights with such gases as neon, metal

halide, sodium vapor, and mercury vapor are called

high-intensity discharge lamps. Lamp can refer to

the bulb as well as to the appliance that contains it.

Arc lamps are another type of discharge lamp. In
an arc lamp, electricity jumps over the gap between

two electrodes, producing an electric arc (see ARC,

L,LECITRIC; F,I.F,CTRODF,). The arc causes the ends of
the electrodes to be very hot. The arc and the ends

of the electrode give off bright light because of the

intense heat the arc produces. Arc lamps are some-

times used for motion picture projectors and
searchlights.

Another kind of discharge lamp is called a fluo-

rescent lamp (see FLUORESCENCE). A fluorescent

lamp contains mercury vapor. \When an electric
current is passed through mercury vapor, the mer-

cury vapor gives off bluish white light. The mer-

cury vapor also produces invisible rays called

ultraviolet rays (see uLl'RAVloLL,'l' fu{Y). The bulb
has a special coating of powder inside its glass. The

powder is called a phosphor. \When a phosphor is

struck by ultraviolet rays, it glows. The light it gives

offmay be white or any of several different colors.

ELECTRIC LIGHT-Citv lighting
As night falls, buildings in midtown Manhattan, New York,
become ablaze with light. Automobile headlights have
created streaks of light in this long-exposure photograph.

-lbday's 
scientists are researching ways to pro-

duce light using less energy. For example, they have

coated the phosphors thert linc fluorescent bulbs

with special substances. These new bulbs use the

same amount ol electricity as the old bulbs, but
they give off far more light.

New kinds of incandescent lights have also been

developed. In the older kinds of incandescent
lights, the filaments gradually decay. As this hap-

pens, the tungsten from the filament coats the

inside of the bulb, blocking some of the light. The
improved lights, called halogen lights, have a bulb
that is filled with one of the gases called halogens,

such as iodine vapor (see HALOGTN). The gas com-

bines with the tungsten that evaporates from the

filament. fhe gas carrying the tungsten circulates

throughout the bulb. \fhen the gas comes in con-

tact with the hot filament, the tungsten is re-

deposited back on the filament. 'I'his process

repeats over and over. The result is the filament is

continually rebuilt, and the bulb is kept clean.
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ELECTRIC MOTOR An electric moror is

a machine tl'rat uses electricity to clo work. A
maf or use of electric rnotors is to make wheels

and shafts turn. W:rshing machincs, vrlcuunr
cleaners, :rnd frrns all have turning wheels and

shafts powerecl bv electric motors. Some

electric motors do not turn whccls and shafts.

The linear electric motor is an example of such a

nl()tor.

Electric motors cmploy thc principlcs of clcctro-

magnetism (see I:t [c-'l'RoN,'lA(;Nl:.rlSll). Electricitv
passes through wires in the motor, creating a

magnetic field. Magnetized parts ol the motor,

DC current supply

Commutator

BrLrsh

such as iron parts or wires carrying electric crlrre nt,

tllrn as they are attracted to and repelled by the

magnetic fielcl.

An electric nrotor has two main parts. One part
is fixed and does not move . This part is called the

stator. Inside the stator is a paut that can turn.
This is called the rotor or arnlature. The armature

con.sists of coils of wire. Thev are rvouncl arouncl)

ELF,CTRIC MOTO R-Principles
A DC electric motor (below left) has a c0mmutator t0 reverse
the direction of current flow every half turn, t0 keep the
motor rotating continuously in the same direction. Alternating
current (AC) changes direction sixty times every second, and
so an AC motor (below) needs no commutator.

7t
B rush

AC current supply

Brushes

Contact rings

ELECTRIC MOTOR-
Electric car

Road vehicle engineers
continue research into
producing an economical
electric car, using batteries
or fuel cells to power its
motor.
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pieces of soft iron, called cores. The iron increases

the strength of the magnetism wherr electricity
passes through the coils. 'fhe stator in simple
motors is a permanent magnet (see N.Ii\CiNF.TISIU).

In other nrotors, it is made of coils of wire, like
the armature. Coils like this are called a fielc{

winding.
Some electric motors use direct current electric-

it1', or DC, and others use alternating current, or
AC (see Al.l-LRNAI.ING (IURRENI'; DIRL.C'l' CUR-

REN l). In a DC motor, the coils of thc armarure are

fed with electric current through pieces of carbon

on each side. The pieces of carbon are callecl
brushes. The brushes touch a ring of metal pieces

fixed around the shaft of the armature. This ring is

called the commutator. tlectric currenr flows from
one carbon brush, through the metal piece of the
commutaltor touching the brush, into the coils of
the armature. From the armature, it flows our again

through a second metal piecc of the conlmurator,
directly opposite the first piece, into the other car-

bon brush. The commutator turns with the shaft,

and current flows through one coil of thc armarure

at a time.

As soon as elcctricity flows through the arma-

ture coils, it makes the armaturc into a magner.

EL

;t'' -./r

ELECTRIC MOTOR-
Electric locomotive

Most types of electric
railroad locomotives pick up
high-volta ge AC current
from overhead wires.
Rectifiers on board the
locomotive change the AC
to lower-voltage DC, which
powers DC traction motors
that turn the locomotive's
wheels.

F

-I'he north pole of the armature is attracred by the
south pole of thc stator. The south pole of the
armature is attractecl by the norrh polc of the sta-

tor. 'fhis n'rakes the armature turn. The shaft of
the motor rotates as the armature tu.rns. The
armature turns quickly becar-rse the attractior"r
between the armerture and the stator is strong. 'l'he

armature builds up momentun-r and contirlues ro

turn in the same direction r-rntil the commuraror
switches the direction of the current flowing
through the armature (see j\{O,\1L,Nl-LlM). This
occurs when the armature has made abour half of
ar complete rotation.

When thc commutator switches rhe direction ol
the current, the north pole of the arnature switches

and becomes a south pole. As soon as it does this,
it is pushed away from the south pole of the steltor.

Now it is the north pole that attracts it, so the
armature keeps on turning. In most electric
motors, there are several separate coils ir-r the arma-

ture. It acts like a magnet with many differerrt
north and south poles. The poles change conrinu-
ally as the arrm:rture spins and makes the con'rnruta-
tor change the direction of the current. The more

separate coils there are, the rrore smoothly the
motor turns.
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Electric motors th:rt use AC work in a diflcrcnt
wa\,'. In one kind, the alternating current is passed

mround coils in the stator. The result is a moving
magnetic field. When thcrc is a movirrg nragnetic

fielcl, it crluses current to flow in wires nearby. This
is called induction. Induction makes an electric
current flow in the coi[s of thc armature. This
makes the coils behave like magnets. The moving
magnetic field of the stator makes the coils of the

arrnature spin. Thc armature turns the shaft of the

rnotor. 'l'his kind of electric motor is called an

indr.rction motor.

Arrothcr tvpe of electric motor that uses alter-

nating current is called the synchronous motor. In
this type, the armature spins at the same speed as

the turning magnetic field of the stator. Electric
clocks r-rsr-rally have syr-rchronous motors, because

they must have a constant speed of rotation to keep

time correctly. Synchrorlous motors are also used in
other scientific instruments, such as astronomical

telescopes, that must turn smoothly.

See A/so CURRL,N 1., L,LL,C,I.RIC]; ELECTRICITY.

ELECTROCARDIOCRAM (i lEk'tro ker'de

a gram') An electrocardiogram, abbreviated ECG

or EKG, is a recording of the electrical activity of
the heart. The ECG from a normal heart shows

impulses of a certain size and shape when recorded

with a special machine called an electrocardio-
graph. \7hen the heart is not beating normally
because of disease or some other disorder, the ECG

changes. Such changes help the doctor to diagnose

why the heart is not beating normally.

An electrocardiograph has wires with electrodes

at the ends (see L,L!,c'tRoDE). The electrodes are

attached to the patient's skin on the chest, arms,

and legs. They pick up tiny changes in electrical

activity from twelve points around the heart. These

electrical impulses are sent through a voltage ampli-
fier to make a recording with a pen across a moving

strip of paper. Certain machines (some of which

can be worn throughout the day) record the
electrical activity on magnetic tape that can be

played back for viewing on an oscilloscope (see

oscrr.r.oscoPE).

See also HEAI{T.

ELECTROCARDIOGRAM

An electrocardiogram (top) allows u pfr1liiCiun to diagnose
various heart defects and to monitor a patient under
treatment. Here a doctor examines a patient having an ECG

Normal heartbeal

Slow heartbeat

Faulty valves,
enlarqed heart
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ETECTRODE An electrode is the terminal of
any electric source. In other words, an electrode is

an electrical conductor by which an electric cur-
rent enters or lcaves a medium (see (IONI)UCTION

oF Er-F.CTRrCrrl Y).

For example, in electrolysis, a current
enters and leaves er solution by way of two
electrodes, the anode and cathode (see L,LL,ct-

TRoI.YSIS). Electrons flow from the cathode,
which is the ncgative electrode, through a

circuit, to the anode, which is the positive
electrode.

Some vacuum tubes, besides having a cathodc
and anode, have other electrodes called grids.
Ordinary transistors have three electrodes, called

the emitter, base, and collector.
See also ARC, h,t-F,(.TRIC; CURRENl, L,LL,C'I'RIC.

ELECTROENCEPHALOGRAPH (i lEk'

tro en sEfla la grif) The electroencephalograph is

an instrument that measures and records electri-
cai impulses from nerve cells in the brain by the
attachment of electrodes, or conductors, to the

scalp. T'he recording of the electrical activity of
the brain that the electroencephalograph pro-
duces is called an electroencephalogram (abbre-

viated EEG).
Normal E,EGs are rhythmic and are the

same on both sides of the brain. The normal fre-
quencies are from I to 50 Hz. Hz stands for
hertz (cycles per second). In a healthy, awake

adult, the most common rhythms are called
alpha waves, which have a frequency of 8.5 to 13

Hz. When the person concentrates, th€ alpha
waves decrease, giving way to smaller, faster
waves (beta waves). During sleep or when a per-
son is unconscious, brain waves become very
slow (delta waves).

Brain waves originate from the nerve cells in
the brain. If these nerve cells become damaged

by a head injury, an infection in the brain, lack
of oxygen, or an overdose of certain drugs, the
EEG will be changed. Using the EEG, doctors
are able to diagnose epilepsy and to locate brain
tumors.

See also BlLA.lN; L,PILEPSY.

EL

ELECTROLYSIS (i lEk trSl'a sis) Electrolysis is

the use of electricity to split up a substance into its

different parts. Electrolysis can be used to exrracr

metals from the ir ores, to purily metals, and to pre-

pare gases from liquids. Electrolysis is also used to
put a layer of one metal on top of another. This is

called electroplating.

Electrolysis only works with substances rhar can

be dissolved or melted and that will conduct an

electric current. Substances that have thesc proper-

ties are called electrolytes.

$Zhen an electrolyte is melted or dissolved in
water, its atoms or groups of atoms form ions. Ions

are particles that bear electric charges. Ifthe charges

are positive, the ions are called cations. If they are

negative charges, the ions are called anions. Because

they are electrically charged, ions can carry an elec-

trical current through a solution (see IoNS ANt)

IONIZATION; SOLUTION AND SOLUBILITY).

Hydrochloric acid is an example of an electrolyte.

It forms hydrogen ions with a positive charge
(cations), and chloride ions with a negative charge
(anions).

To electrolyze a substance, two electrodes are

used (see ELECI'ROl)1.). One is connecred to the

positive side of a battery or a DC electrical genera-

tor (see LIA'l"fF.RY; cENEld{=-TOR, ELL,C'I'RICAt.). The
other is connected to the negative side. When the

electrodes are dipped into the solution, the ions

ELECTROLYSIS-Electroplating
Faucets are usually made of brass, a yeil0w metahhat easily
corrodes. To prevent this from happening, faucets are
electroplated with the silvery metal chromium.

Chromium plated
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Connecting wire

lect being
electroplated jects being

electroplated

ELECTROLYSIS-Plq.i"g b..h
Electroplating is a major industrial application of electrolysis.
The electrolyte is contained in an electrolytic cell-called a

bath-with anodes dipping into it. The objects to be

electroplated are connected by wires to the cathodes. This
diagram shows how faucets are electroplated with chromium
in a bath of chromic acid.

imn-rediately start moving. The cations in the
solution are attracted to the negative electrode (the

cathode). The anions, with a negative charge, are

attracted to the positive electrode (the anode).

When hydrochloric acid is electrolyzed, the
hydrogen ions, which are the cations, travel to the

cathode, and the chloride ions, which are the
anions, travel to the anode. tWhen the ions reach

the electrodes, their electric charges are neutralized.

The hydrogen ions become molecules of hydrogen

gas, and the chloride ions become molecules of
chlorine gas. Bubbles of the two different gases rise

up from the electrodes.

\fhen sodium chloride (common salt) is melted,

it too can be electrolyzed. The result in this case is

metallic sodium and chlorine gas. The sodium

appears at the cathode, and chlorine bubbles up

from the anode.
\When a solution of sodium chloride is

electrolyzed, the result is different. At thc cathode,

the sodium is released, but immediately it reacrs

with the water in the solution. This makes hydro-

gen gas and sodium hydroxide solution. At the

anode, chlorine gas bubbles up as before.

Pure gases such as hydrogen, chlorine, and oxy-

gen can easily be prepared by electrolysis. Pure met-

als such as sodium, potassium, and alurninum are

also prepared in this way. Electrolysis is a useful

means of purifying, or refining, metals.

Electrolysis is often carried out in a special con-

tainer. The container is called an electrolytic cell.

The cell must be made of material that is strong

enough to resist corrosion by hot liquids. The tem-

peratures reached in electrolysis are often very high.

The electrolyte, and the substances that are made

from it, may be very corrosive substances. The elec-

trodes must also be made of noncorroding materi-

als. If they are not, they will be eaten away when

they are dipped into the electrolyte (see coRRO-

stoN). Sometimes expensive metals, such as plat-
inum, are used to make electrodes. Carbon rods

may also be used. The electrodes do not need to be

two rods. The lining of the electrolytic cell some-

times serves as one electrode.
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In 1832, the scientist Michael Faraday stated two
laws about electrolysis. fhe first says that the
amount of a substance that forms at an electrode is

proportional to the quantity of electricity that is
passed through the electrolytic cell. The second law

says that when the same amount of electricity is

passed through different electrolytes, the amounts

of different substances that are formed are propor-
tional to their equivalent weights. (A substance's

equivalent weight is the mass of that substance that
combines with or replaces one gram of hydrogen,

eight grams of oxyge n, or 35 .5 grams of chlorine in
a chemical reaction. It is the combining power of
the substance.)

See a/so FARADAY, MICHAL-I..

ELECTROMAGNETI C RAD IATIO N
Electromagnetic radiation is the energy that a

charged particle gives off as it moves through space

or vibrates. A vibrating charged particle generates

both an electric and a magnetic field (see ELectRo-

\,IACNL,TISM). Thcse fields form at right angles to

each other and to the direction of motion of the

charged particle.

As the charged particle vibrates, the electric and

magnetic fields oscillate. 'l'his oscillation can be

described as a wave (see OSCILLAI'ION; \{rnVE). The
frequency of vibration of the charged particle deter-
mines the wavelength of the wave. Thus, electro-
magnetic radiation has a range of wavelengths.

This range is called the electromagnetic spectrum.

The radiation with the shortest wavelength is

gamma rays. The radiation with the longest wave-

length is radio waves. X rays, ultraviolet rays,

visible light, infrared rays, and microwaves also fall
within the electromagnetic spectrum.

Electromagnetic waves, unlike sound waves, do

not need a medium, such as air or water, to travel.

Electromagnetic radiation can travel in a vacuum.

In fact, it moves faster in a vacuum than in any

medium. In a vacuum, its speed is l86,28i mi.

1299,790 kml per second. This is called the speed

of light.
The existence of electromagnetic waves was first

suggested in 1864 by a Scottish mathematician,

James Clerk Maxwell. In 1873, Maxwell worked
out a series of four equations to describe how elec-

tromagnetic radiation behaves. In 1887, Heinrich
Hertz, a German physicist, confirmed Maxwell's

predictions when he detected radio waves. Ten

years later, X rays and gamma rays were detected. In
the early 1900s, Max Planck, Albert Einstein, and

other scientists worked out the quantum theory.

This theory helps explain how electromagnetic
radiation transmits energy (see tlNs't'l,tN, ALBF,RT;

HERTZ, HEINRICH; MAX\(/E,LL, JAMES CLERK;

PI-ANCK, MAX; QUANTUM THEORY). Using
Maxwell's equations and modern theories, engi-

neers and scientists have worked out many useful

applications of electromagnetic radiation, includ-
ing radio, television, and telephone transmission;
photovoltaic cells; and microwave ovens.

ELECTROMAGNETIC RADIATION
Electromagnetic radiation ranges from gamma rays, at the
short-wavelength end of the electromagnetic spectrum, t0
radio waves at the long-wavelength end of the spectrum.
Visible light is the only electromagnetic radiation that
humans can detect. lt lies at about the middle of the
electroma gnetic spectrum.

Wave-

le ngth
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Ultraviolet Visiblelight
rays

ra red Radio wavesGamma rays X rays
rays

Microwaves
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ETECTROI\IAGNETISM

El..tro-"gnetism refers to magnetism produced

by an elcctric current. It also refers to thc branch

of physics that studies the conncctions between

electricity and magnetism (see nt.l.ctRl(ilTY;
uacNlrrsn).

The study of electromagnetism began in the

early nineteenth century. A Danish scientist named

Hans Christian Oersted placed a magnetized nee-

dle near a wire that had a currcnt flowing through
it. He noticed that when the current changed, the

needlc moved. From this, he realized that the cur-

rent was prodr-rcing a magnctic field.

How electromagnetism works An elecrric

cLrrrent is caused by the movement oF electrons

through a wire. E,lectrons arc very riny charged

MAGNETIC FIELDS

An electric current flowing along a wire (top left) creates a

magnetic field encircling the wire. ln a wire bent into a single
turn, the magnetic field consists of many loops (top right).
With a coil of wire (below), the fields around the turns of wire
combine to form one strong field.

LIFTINC SCRAP

Electromagnets are useful in places such as scrap yards,
where large amounts of iron and steel must be moved from
place to place.

particles. Any charged object produces an electric

field. Because the elcctrons are moving, they also

produce a magnetic fleld (see CLJRR[.N'I', F-I-LC l Rlcl;

III.F,CTROMA(l N L, l'l (l ti,A.D lA-f I ON ; t--l.t--C'l'R()S IAl-I(-S).

Thus, the current produces a magnetic field around

the wire that carries the current. The strength of the

magnetic field varies with the strengtl-r of the cur-

rent. It also varies with the distance from the wirc,

falling off with greater distance.

The lines of force created by the magnetic field

can be shown very easily. Suppose you have a single

strand of wire parssing through a card. The wire and

the card are at right angles. Some iron filings are

scattered on the card. Iron filings are verv small

pieces of iron. A current is then passed through the

wire. Since iron filings are magnetic, they line up

with the magnetic field produced by current in the

wire. The iron filings form rings :rround the wire

along the lines of force of the magnetic field.

A strong magnetic field can be made by passing

a current through a solenoid. A solenoid is a long

coil of insulated wire wound around a tube. When

a current is passed through it, cach turn of the coil
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CURRENT FLOWING

Electromagnetic coil

Armature held in

-. NO CURBENT FLOWING

Armature springs out

SOLENOID S!ilTCH
A sliding, spring-loaded electromagnet can be used as a
switch. When electric current flows in the solenoid-a
cylindrical coil-surrounding an iron armature, a magnetic
field holds the iron back against the tension of the spring.
When the current to the solenoid is turned off, the armature
springs out.

produces the margnetic field. A solenoid r.rsr.rally has

many turns, each producing a magnetic field.
These fields cornbine to form a large magnetic
field. The solcnoid bchaves likc a bar magnet. It has

a north pole ancl a south pole. 'fhe field can be

increascd by putting an iron bar ir-rside the sole-

noid. The iron becomes magnetized. Its field com-

bines with the fielcl caused by the current to form
an even larger magnetic field. A solenoid with an

iron bar inside it is krrown as an electromagnet.

The first electromagnet was built in England in
I825 by William Sturgeon.

Jr-rst as an electric current can be used to make a

nragnet, a magnetic fielcl can be used to create an

electric current. This can be done by moving a

piece of wire in a magnetic field. Moving the wire
causes a current to flow in it. The current is said to

bc incluced (see INt)LJ(lt'toN).

ELECTROMAGNETISM

Uses of electromagnetism Generators that
produce electricity use electromagnetism.
Most generate current through induction, as

described above.

Many industries use powerful electromagnets to

lift iron and steel. Such magnets are also used for
separating iron and steel from nonmagnetic metals,

such as copper and brass. These metals are not
attracted to a magnet.

The speaker in a radio contains an electromag-

net. lt converts the electric signal into a mechanical

force. This force is then '.rsed to produce souncls.

Particle accelerators are very large machines used

in nuclear physics research. 
-fhese 

accelerators use

extremely large electromagnets to make subatomic

particles travel very fast. There is an accelerator at

Berkeley, California, that has an electromagnet
weighing more than 4,000 tons [3,628 metric tons].

Scientists are also expcrimenting with powerful
electromagnets to confine gases in an extremely
small space. This would allow them to control
fusior-r reactions to generate unlimited electriciry.

See rt/so ACCF,I.ERATORS, PAltTICl.F,; FL.TSI()N.

Commutator

DYNAMO

0ne of the f irst-and one of the m0st imp0rtant
applications of electromagnetism was the dynamo. This
electricalmachine converts mechanical energy (of a rotating
shaft) into direct current (DC) electricity. The electricity is
produced in a coil of wire rotating in a magnetic field. A
c0mmutator keeps the current flowing in the same direction.

\Carbon brushes

6r3
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ELECTROMOTIVE FORCE An electric
circuit always contains a device that makes the elec-

tric charges move. This device provides the power

for the circuit and is said to have an electromotive

force. Electromotive force is usually shortened to
EMEThe strength of an EMF is measured in volts
(see CIRCUII ELEii'fRlti; VOtl').

The most common devices for providing an

EMF are the electric cell and the generator. In an

electric cell, or battery, an EMF is produced by

chemical reaction. In a generator, electromagnet-

ism is used to produce an EMF (see F,LF,CTROMAG-

NETISM). Sometimes other methods are used. For

example, heat can be used to produce an EMF. This
can be done by putting a thermocouple into a cir-
cuit. If one of its junctions is heated, a current flows
(see I'HERMOCIoUPLE). Many kinds of photo-
electric devices give an EMF when light shines on

them (see pHOToELECTRIC EFFECT). Another device

that can be used is the fuel cell. Like the electric

cell, it uses chemical reactions to produce an

EMF. Fuel cells may someday be used to power

electric cars.

ELECTROMOTIVE
FORCE

Electromotive force (EMF)
the electrical force
produced by an electric
cell, or battery. Measured
volts, the EMF "pushes"
electrons along the wires,
forming a circuit.

ELECTROMOTIVE SERIES The electro-

motive series is a list of metals that shows how rcac-

tive the metals are (see CHEMICAI. REACTION). At
the top of the list are the most reactive metals.

Potassium is the first, followed by sodium. These

metals are so reactive that they will burst into
flame if put into water. In nature, they are always

found as compounds, never as single elements (see

COMPOUND).

At the bottom of the list are the metals that react

least with other substances. Platinum and gold will
not react even with strong acids. Metals low on the

list do not corrode readily (see CORRosloN).

The electromotive series is useful for predicting
when two metals are put close together, which will
undergo corrosion. For example, if a nut is made

from an element high in the series, and it is used

with a bolt made from a metal much lower in the

series, corrosion will occur. The nut will gradually

be eaten away. For this reason, shipbuilders, engi-

neers, builders, and others are careful when they

must use two metals together.

Se e also BATTF,RY.

EMF of the battery
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ELECTRON An electron is a subatomic particle

that has a negative electric charge (see RloM). An
electron has an extremely small mass. It has about

ll1836 the mass of a hydrogen atom. The electron

was discovered by the British physicist Sir Joseph

John Thomson in 1897.

The atoms of all elements contain electrons. The
negative charges ofthe electrons are balanced by an

equal number of positively charged protons in the

atom. The protons are in the nucleus of the atom,

and the electrons orbit them. Each chemical ele-

ment requires a specific number of electrons and

protons in order to remain neutral. This number is

called the atomic number of the element.

An electric current is the flow of electrons
through a wire. An electron microscope produces

images by focusing a beam of electrons on micro-
scopic objects.'l'hese are only two of the many uses

of electrons. tpnOFerlt

ELECTRONIC MUSIC Electronic music is

made up of sounds that are produced by electronic

equipment, such as synthesizers.

f'he basic unit of an electronic instrument is usu-

ally an oscillator (see OSCILLA|on). The signal from
the oscillator is sent through an amplifier and

EL

played back to the listener through a loudspeaker

or headphones (see AN4PLIFIER; LOUDSPEAKER).

More complicated instruments can be constructed

by using many oscillators that produce a variety of
sounds. These sounds can imitate those of tradi-
tional musical instruments, or they can be new and

different from the usual musical sounds.

Composers using electronic instruments have a

wide choice of sounds that can be varied in pitch,
loudness, duration, and other musical characteris-

tics. These instruments can even make nonmusical

sounds, called "noise." Any sound can be recorded

and processed by a computerized synthesizer to
make an infinite range of new sounds. Using a syn-

thesizer, composers put the sounds together to
form a song or other composition (see SOuxtt).

Synthesizers give musicians great flexibilitv.
Using synthesizers, musicians can produce many

different types of sound with the flick of a switch.

They can improvise and make new sounds as they

play along. They can add or subtract parts of a

sound to change the tone qualiry.

ELECTRONIC MUSIC

Today's electronic music is often produced by musicians
who use computer-c0ntrolled instruments. ln addition, some
musicians use computers t0 compose new music.
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ETECTRoNICS

Electronics is a field ol science and engineering

based on the use of electronic devices. An electronic

device is one through which electrons can be made

to flow in controlled pulses (see ut.ut;rnt)N; F,N(it-

NEEnlNc). An electric device, on thc other hand, is
one in which electrons mre made to flow in a con-

tinuous stream (see t-t.l.c.'t'RIctfv). There are two
basic kinds of electronic devices-clcctron tubes

and solid-state devices. An electron tube is a glass

tube through which electrons flow. 'I'he tube may

be filled with ccrtain gases. However, most electron

tubes contain practically no air at all. They are

called vacuum tubes (see \A(.UUM 'l-UBF,). A solid-

state device is a device in which electrons flow
through certain solid materials (see sot.tD-srATll

PI{YSICS). These materials, which include silicon
and germanium, arc called semiconductors (see

CIE,RN{ANIUNl; SLMICONI)UCTOR; SILICON).

Examples of solid-state devices are the integrated

circuit and the transistor (see INTEGR{1L.D CIRCLJIT;
't'RANSts't'on). Modern electronic equipmcnt
mostly uses solid-state devices.

Many people use equipment operated by elec-

tronic deviccs cvery day. Radios, televisions,
microwave ovens, videocassette recorders, and

compLlters are all examples of electronic equipment
( SCC C]ON,,I PL]TER; M ICRO\X/AVE; ILA,DI O;'I.L,LF,VIS I ON ;

VIDEO RLcIORDIN(I). Medical science makes use of
electronic equipment, such as hearing aids and arti-
ficial pacemakers. Artificial pacemakers regulate

the heartbeat of people who have certain heart dis-

orders. Other medical equipment that operates by

electronics includes computed tomography scan-

ners, ultrasound imaging machines, and X-ray
machines (see CCIHIPU-|F,D TOMO(IILA.PHY; ULI'RA-

SOUND; X RAY). Modern air, sea, and space travel

depend on electronic radar and navigation equip-
ment (see NAVIGATION; II{DAR).

How electronics works Electronic devices

work by controlling the flow of electrons to pro-
duce one of three results. The devices amplify,
oscillate, or recti0. an electric current (see AMI'Ll-

FIL,R; OSCIT-LATOR; RECTIFIF.R). \Zhen electronic

I NTEG RATED

CIRCU IT

TRANS ISTORS

ELECTRONIC DEVICES

ln a vacuum tube, electrons
flow through a vacuum from
a heated cathode (negative
electrode) to an anode
(positive electrode). Current
applied to a third electrode,
called a grid, controls the
flow of electrons. Similar
control is achieved by a
transistor, a much smaller
solid-state device based on
a semiconductor such as
silicon. Transistors and
other components can be
formed on a chip of silicon
to make an integrated
c irc u it.
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devices are joined into circuits, they are able to per-

form various functions. For example, a computer is

an electronic device whose functions include being

able to quickly solve complex mathematical
problems.

An electronic device called an amplifier increases

the strength of electric signals. Some devices, such

as micropl-rones, produce weak signals. An ampli-
fier is needed to boost the power of these signals so

that they can be heard by people. An oscillator
changes direct electric cllrrent to a signal of a par-

ticular frequency (see FREQUENCY). Oscillators
allow radio and television stations to produce the

high-frequency signals thcy need to transmit sound

and pictures. The oscillators in radio and television

receivers allow a particular frequency designated by

a channel to be selected. A rectifier converts
alternating electric current to direct clrrrent (see

ALI-L,RNAl'lNC (.URRL.N'I'; l)lRL.C'I' CIURRENT). The
current from most electric-power plants travels as

alternating current. Some equipment, such as elec-

tric lights, can use this type of current. However,

other kinds of equipment, such as radios and tele-

visions, need direct cllrrent to operate. These kinds

of equipment have rectifiers in them to provide
them with the direct current they need.

SHRINKING CIRCUITS

Modern electronics uses printed circuits, onto which various
components such as capacitors, resistors, transistors, and
silicon chips are mounted.

History of electronics The first elecron
devices were developed in the mid-1800s. These

devices were gas-discharge tubes, or tubes from
which some air had been removed. Only a thin
mixture of gases, such as hydrogen and nitrogcn,
was left in the tube. Experimenters attached an

electrode at each end of the tube (see nt.ncrnoon).
\iZhen a battery was connected to the electrodes,

the tube glowed in bright colors (see BATTERY). The
experimenters thought that the cathode, which is

the electrode connected to the negative terminal of
the battery, must be giving off invisible rays that
caused these colors. Scientists named these rays

cathode rays. In further experiments, practically all

of the air was removed from the tubes. These tubes

were called vacuum tubes. In 1B7B William
Crookes of Britain developed a special kind of vac-

uum tube to study carthode rays. The Crookes tube

became the model for later cathode-ray tubes,

including the picture tubes in today's television sets

and radar screens (see CRTHODF.-RAY TUBE;

( R( )( )KFS, \tR Wil I IANI).
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ELECTRONIC FLASHGUN

A capacitor in a photographer's electronic flashgun stores an
electric charge. The charge is applied between the
electrodes of a discharge tube containing xen0n gas,
producing an extremely brief, intense flash of light.

In 1895, the German physicist Wilhelm
Roentgen discovered another kind of ray using a

Crookes tube. He noticed that a fluorescent screen

that had been placed a short distance from the tube

glowed when the tube was in use (see t luoRns-
clF-NCI--). He found that the fluorescent screen

glowed even when the Crookes tube was wrapped

in heavy black paper. Roentgen believed that invis-

ible rays were causir-rg this effect. He named these

rays X rays. He experimented by replacing the flu-
orescent screen with photographic paper and plac-

ing various substances between the tube and the

paper. Using his own hand and that of his wife,
Roentgen found that X rays could pass through
flesh, but not bone, and leave an image on the

paper. Soon, physicians began using X rays to study

the internal structure of animals and humans (see

ROL,N.I.GL,N, \(/ILHF,I-M CONRAD; X IL{Y).

In 1897, Joseph J. Thomson of Britain discov-

ered that cathode rays were actually streams of neg-

atively charged atomic particles (see alov). He
named the particles electrons.

The science of electronics grew as devices were

invented to control the flow of electrons in useful

ways. In 1904, John Ambrose Fleming of Britain

built the first vacuum tube that could be used com-

mercially. Fleming's vacuum tube had two elec-

trodes and was called a diode. 'l'he diode acted as a

rectifier. Diode tubes soon became the standard

receiving device in radio sets.

Then, tn 1907, American inventor I-ee De Forest

further developed the vacuum tube by building a

triode (see nl, FORI--s't', LFI-,). A triode has three elec-

trodes. About 1912, De Forest and another
American inventor, Edwin Armstrong, discovered

independently how to use a triode as an amplifier
and an oscillator. The triode amplifier and oscilla-

tor led to the beginning of American radio broad-

casting in 1920.

Vacuum tubes led to the invention of many
other kinds of electronic equipment. In 1923, the

Russian-American scientist Vladimir Zworykin
used cathode-ray tubes to build the first television

camera tube that was capable of broadcasting sig-

nals and the picture tube that was used to receive

those signals. A vacuum tube oscillator that could
produce microwaves was first built in I 921. In the

late 1930s, two yacuum tubes were developed that
could produce microwaves. These tubes, called the

magnetron and the klystron, were once used widely
in radar, but have now been replaced with solid-

state devices.

Modern electronics A major breakthrough in
electronics occurred in the late 1940s when the first
solid-state device, the transistor, was developed.

This tiny device can perform the same functions as

a yacuum tube. However, transistors have many

advantages over vacuum tubes. They are sturdier,

more durable, and smaller. They also use less power

to transmit signals.

The first transistors were made of crystals of ger-

manium. Then it was found that silicon could serve

as well as germanium. This was fortunate because sil-

icon is so plentiful. It exists in nature as silicon diox-
ide, which is ordinary sand. Using silicon,
laboratories could make thousands of transistors

quickly and inexpensively. This was important
because in the 1950s and 1960s the United States

government's space program and the computer
industry needed thousands of transistors. Ti'ansistors



also wcre used in radios, record pla1,ers, television

sets, hearing aids, ancl merny other elcctronic devices.

The availability of the transistor put in motion a

dramatic shift toward miniaturization of electronic

devices. This started in the late 1950s and 1960s,

when several laborartories developcd the integratecl

circuit. This device consists of a single silicon com-

ponent, called a chip, that combines the functions of
several individual electronic compor-)ents (see (il IIP).

This accomplishment wars only the bcginning. In
the years that followed, techniques were developed

whereby hundreds and even thousands of elec-

tronic circuits could be put on a sinele chip.

To produce these chips, engineers first make a

drawing of the electronic circuitry on sheets several

hundred times the size of the final product. 'I'hese

sheets are later redr-rced in size photographically.
They are then printed on chemic:rlly treated silicon

ELECTRONICS

chips and furthcr proccssed. The finished prodLrct

is a true miniature of the originaldrawing. Some of
these chips can pass through the eye ol a needle

with room to spare.

Application of thc intcsratcd circuit to compllter
design pointed the way toward mir-riaturization of
conrputers. 'l'he room-sized monsters of the 1940s

girve way to less cumbersonrc nroclels. In the early

1970s, scientists clevised a way to have just one chip

perform most of the computer's main functions. This
silicon chip, called a microproccss()r, w;.ts a boon to
the con-rputer industry. Because of microprocessors,

home computers, video games, and pocket calcula-

tors becanre a realiry. 'l'he microprocessors have also

proved vital to space technology As scientists con-

tinue researching hor.v to implovc nricloprocessors,

thev will become even nrore impoltrrnt to the con-

tinuing developmenr of electronics.

MISSILE CONTROL
Advances in the field of
electronics have been vital
to military and space
technology. The
development of very small,
yet powerful, electronic
guidance and control
systems has made the
production of modern
missiles possible.



t-j

ETECTRoN MrcRoscoPE
An electron microscope is rr microscope that can

magnify objects Lrp to a rnillion tin'res (see NI'\(tNI-

rtcnrlctN). An electron microscopc w.rrks on a

principle similar to that of a regular light micro-

scope. In a light rnicroscopc, a bright light is

directcd through a specimen (object to be rnagni-

fiecl) and into the microscope's ob.jective lens. The

lieht rays are focuscd bv thc lcns, produ.cing a rnag-

nificcl (enlarged) irnage (see t-t xs; tr,ttc:nosc.ttl,t ).

Therc are two kinds of electron microscopes:

trerrrsmission mncl scanning. ln a transmission elec-

tron microscope , a bearn of f;rst-moving electrons is

passecl througl'r a very thin slice ol the spccimcn.

Thc clectrons are focused by rlagnetic lenses onto
:r fluorescent screen (see FLLJoI{F.scnNtln). On thc

screen, the magnifiec'l image can be observecl

dircctlv or photographecl. A scanning electron
microscope works in the same way as a television

camera (see TF,l.h\/tSIclN). A scrrnning electron
microscope scans the surfuce of :r specimen with a

fine beam of eIectror.rs. A picturc is obtainecl that
shows detail of the specimen's surface.

BACTERIA

These rod-shaped bacteria were found on a used kitchen
towel. This electron microscope picture shows the bacteria
about 1,500 times largerthan actual size.

'l'hrough the use of electron microscopcs, scien-

tists have obtainccl much ncw knowledge about
viruses, bacteria, irnd even the atom. Electron
n'ricroscopes are lound in tnany hospitals, universi-

ties, irnd laborertorics.

S e e rt k o F.LF,CTR( )N.. ; SC.AN N I N G I [J N N EI-l N (] \{ I ( .ROSC)OI)L..

SCANNINC ELECTRON MICROSCOPE

A scientist uses a scanning electron microscope to study the
surface of an object. A camera fitted to the microscope
makes a permanent record of the highly magnified image.
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ELECTROPHORESIS (i lEk' tro fa r€'sis)

Electrophoresis is a rnethod used to separate or

identif. clilferent substances in a solution (sec

SOLUIIoN AND SoI.LjBILIT\'). A concentratecl solu-

tion of the substances to be separirted is plerced in

the middle or at one end of a sheet of wet paper or

a gel. An electric current is passcd through the solu-

tion betwee n electrodes at either end of the paper

or gel. Many substances, such as l:rrge biological
molecules like proteins or DNA, have an electric

charge. When the current passes, tl're molecules are

attracted to one of the electrodes (see Irl.l;c-TRoDF.).

The speed at which clifl'erent molecules move

depends on their size and on their electric charge.

When the molecules have separated, the current is

switched off.'fhe molecules can be seen by strrining

them with a dye or, in some cases, they are visible

in UV light (see ut-r'IrA\/tot nr t.tcH'r).

Electrophorcsis has been used to separate pro-

teins in blood, and it is also used for DNA finger-

printing and to arnalyze genes. Another use is to
detect the presence ofpoisons or drugs in the body.

See a /so DNA; ( ; L.N L.'l'l(. Fl N (; trRPI{l N'l'lNG.

ELECTROSCOPE The electroscopc is an

instrument used to detcct electric charge (see

cIHAR(IE). The electroscope can also be used to tell
whethcr thc ch,rrge is posirivc clr ncgativc.
Electroscopes can also detect X rays and other elec-

tromagnetic radiation.
The gold-leaf electroscope is a common type of

electroscope. Abraham Bennet, a British scientist,

invented the gold-leaf electroscope in 1787. The

instrument consists of two sle nder strips of gold foil
hanging from a metal rod. The metal rod acts as a

conductor (see CONI)UC'l-lON OF L.LtCI-RICIITY). A
nonconductor, such as wood, holds the conductor

in a stand. The stand is often made of glass.
\When the conductor has no electric charge, the

foil strips hang straight down. If the conductor is

charged with electricity, the strips become charged.

Both strips rece ive the same kind of charrge.

Because bodies with like charges repel each other,

the strips move elpart. The amount of movement

gives arn indication of the strength of the charge.

J'he electroscope can be used to measure high

voltages (see vctt-t). William Henly, a British scicn-

tist, added a scale of numbers to the electroscope,

so that the electroscope cor-rld measure the strength

of the electric cherrge. This type of electrosco;re is

called an electrometer.

To find out whether a charge is positive or nega-

tive, the activarted electroscope is tested with a

l<nown charge. For exarnple, if a known positive

charge makes the foil strips fall back together, the

unknown cherrge is ncgative . lf the strips spread far-

ther apart, the unknown charge is positive.

See also El-1,( I'l'ROS'I A l'lCS.

Negative charges
on comb

Positive charges
on metal rod

Gold leaves

move apart

ELECTROSCOPE

Negative charges on the comb draw positive charges onto
the metal rod. This leaves negative charges on the gold
leaves, which move apart.

ELECTROSTATICS Electric charrges c:rn be

either moving or still. ln an electric circuit, electric

charges move in a wire. Thtrs, current is composed

of moving charges. However, if an object is rubbed,

it sometimes gains an electric charge, but the
charges do not move in the object. They are said to

be static, and the object has static electricity. The

study ofstatic electricity is called electrostatics (see

CHAR(ll,; C-IRCUiT, F,l.F.CTRIC.; CURRF.NI F,I.F,CTRIC;

E LL.(-'t'RlCl't'Y).

=-,(+. l'-
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ELECTROSTATICS

The amber shown above has been rubbed and has become
electrostatic. Having gained an electric charge, it is able to
attract lightweight objects.

\When materials such as amber are rubbecl, they

are :rble to attract light objects such as feathers. The
ancient Grecks l<new this. In the 1500s, William
Gilbert found that many other materials behaved in

the same way when rubbed. He called this effect elec-

tric, after tlre (lreek wr'trd e/ektroz, which means
"amber." He founcl, for example, that glass could be

electrified bv rubbing it with silk. However, he could
not find a way to clcctrify metals (see CILBF.RT,

\flll.l.lAM). In 1729, Stephen Gray discovered
another differe nce between metals and other materi-

als. Hc found that electriciry can flow along metals

but not along nonmetals. Metals are said to condr.rct

electricity and are called conductors. Conductors
other than metals have bccn discovered since thcn.

One such conductor is graphite. Materials in which
electricity does not flow are called insulators (see

CONDU(,'f ION OF F,I,F,C]TRI(-I'I'Y).

A very irnportarnt discovery was made in France

around 1733 by the scientist Charles l)uFay. He
lound that there are two diflerent l<inds of electric

charge. 'l'hey are called positive charge and negative

charge. He found that bodies having the same kind
of charge repel, or push cach other away. Bodies with

opposite chargcs attract each other. In both cases,

there is a force acting berween the two bodies. The

L,nglish scientist Joseph Priestley studied this force.

He fbund that for spherical objects, the srrcngth of
tl're force depends on the distance berween the rwo

boclies. He made this discovery in I 766. He showed

that the electric force obeys the inverse square law.

This law says that the force increases as the rwo bod-
ies get closer together. If the distance berween the

two is halved, thc forcc becomes four times as srrong
(sce IN\ I l{\l \(lt ARl IA\ ).

In 17 87 , tl-re gold-leaf electroscope was invented

to detect electric charge (sec nt.nctRoS(.t)pL,). Ir was

soon used to investigate the charge on a hollow
bodv. The electroscope showed that all the charge

lies on the outside surface. The inside surface has

no charge at all. 'l'he electroscope was used to
detect the strength and distribution of othe r objects

as wcll.
in the late I 800s, scientists realized that mar-ry

electric effects are caused by charged atomic parti-
cles callccl clectrons. Electrons are ncgatively
charged particles. \When two materials are rubbed

together, electrons are sometimes pulled or-rt of the

atoms. They get transferred from one material to

another. \7hen glass is rubbed with silk, electrons

move from the glass to the silk. Since the electrons

have a negative charge, the silk becomes negatively

charged. The glass has lost electrons, so it gains a

positive charge. Ebonite, a hard black rubber, can

become charged by bcing rubbed with fur. In this

case, electrons move from the fur to the ebonite.
The ebonite becomes negatively charged and the

fur positively charged (see ElEc.rRoN).

Electric charge can be stored in capacirors.
Capacitors are made out of two conductors placed

close together but not touching. Usually, a capaci-

tor has two pieces of metal foil separated by some

insulating material. One way to charge a capaciror
is by connecting it to a battery. The battery sets Llp

a potential difference across the capacitor. This
causes the pieces of foil to have opposite charges.

The foil remains charged even when the battery is
removed.

Sae rtko BAl"llrRY; CAPACI'|OR AND CAPA(.I lANCF-;

POI'F.N] tAr..
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El.-.t-rt, are the simple materials from which
evervthing in the universe is made. An elemenr is

made of atoms. In any eleme nt, there are only
atoms of one kind. During a chemical reaction, an

element cannot be broken down into anything else

but its own kind of atoms. There are over one hun-

dred different elements that occur in the universe.

Some of them are verv common. Carbon, for
example, is an element that is found in every living
animaland plant (see ATt)ivl; CHEI\{ICAL REAC'I'ION).

Elements can occur bi, themselves. For example,

gold occurs in nature as a pure metal, containing

only atoms of gold. Pure hydrogen gas is another

element that can exist by itself. In nature> however,

elements are usually for-rnd linked to other ele-

ments. When two or more different elements are

linked together, they form a chemical compound.

'Water, for example, is a compound of the elements

hydrogen and oxygen. Sodium chloride (common

salt) is a colnpound of the two elements sodium

and chlorine (see coN{PouNI)).

Elements can mix together without forming a

compound. Air is a mixture of the elements nitro-
gen, oxygen, and argon. It is not a compound,

because the elements are not joined together
chemically.

Metals make up more than three-quarters of all

the elements. However, many of the nonmetallic

GOLD NUGGETS

Gold is one of the few elements that 0ccurs naturally
uncombined with other elements. Called native gold, it has
been prized since ancient times.

ETEMENT

elements are abundant in nature. Oxvgen, hvdro-

gen, carbon, and silicon are very common non-

metallic elements.

Most elements are found to be solids. Bromine

and mercurl, are liquids. The elements oxvgen and

nitrogen are gases.

Chemical names and symbols Thc names of
the elements give clues about what sort of sr-rb-

stances they are. For example, nearlv all of the

metallic elements have the ending -ium. Sone of
the metals that have been known for a verv long

time do not end with -ium. Gold, zinc, iron, and
nickel were in use long belore the custom of rram-

ing metals with words ending with -irrrr was

adopted.

Most of the elements have names that come

from Latin and Greek words. Hydrogen comes from

the Clreek word for wttter maber, because it can be

burned to make water. Krypton comcs from the

Greek word for concea/ed, because it was so hard tcr

discover in the atmosphere. Bromine was named for
the Greek word for stench, becausc of its bad smell.

Some elements are named for places or for scien-

tists. Frttnciwm is named for France, and ein-
steinium, nobelium, and, curittm for the scientists

Einstein, Nobel, and Curie respectively.

The symbol for an element is a kind of short-

hand for the name. The symbols are either one or

two letters. Often the symbol comes fron'r thc

English name. Thus O stands for oxygen and S for

sulfur. The chemical svmbol may be based on the

Latin name, such as Na for sodium (natrittm in

l.atin) andAg for silver (argenntm in Latin).

The abundance of the elements The most

abundant element in the universe is the gas hydro-

gen. The sun and the stars consist mostly of this

element. On earth, the most abundant element is

oxygen. Oxygen is found in the atmosphere, in the

oceans as a component of water, arnd in many rnin-

erals. "l'he next most abundant element is silicon.

Silicon is found in nearly every rock found on

Earth, except for limestone.
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EARTH'S ELEMENTS

Major elements in the
earth's crust are oxygen,
silicon, aluminum, iron,
calcium, sodium, and
potassium. At nearly fifty
percent, oxygen is the most
abundant element.

Oth e rs

Pota ssiu m Sodium Calcium

USES OF ELEMENTS

Common uses of various elements are pictured above. The
metallic elements shown are c0pper in electric wire, tin
coating on a food can, and iron in the steel girder. The heads
of the matches contain the nonmetal sulfur, and the
advertising sign contains the gas neon.

Some elements are very rare. Radium is one

example . It is one of the radioactive ele ments.

Radioactive elements are rare because they gradu-

ally change into different elements (see RAI)lo-

ACTIVITY). Radium eventually changes into the

more common element lead. This kind of change

is called radioactive decay. To obtain just one-tenth

of a gram of radium, Marie and Pierre Curie had to

work hard for many months. They had to extract it
from several tons of the rocky ore called pitch-
blende (see cURIE FAMIi.Y).

Properties of the elements 'fhe properties of
the elements depend on the arrangement of the

electrons in their shells. This is because when atoms

of elements react with others, the electrons of each

atom form bonds. Elements with full outer shells

tend to be inert. That is, they do not react easily

with other elements and thus do not easily make

compounds with other elements. Helium, neon,

and argon, called noble gases, are some elements

with full outer shells. They do not react with other

elements (see NOnl-1, t,as).

Elements with only a few electrons in their outer

+.
Common
sa lt

', 
'' 
::.

. l:.I:tirrr.

" -4 *.

-.' .,.rfl$l*

COMBINING ELEMENTS

The element sodium is a highly reflective, shiny metal.
Chlorine is a greenish poisonous gas. But when the two
combine in a violent chemlcal reaction, the product is sodlum
chloride (common salt), which people use to bring out the
flavor of food.

I
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shells are more reactive. They form compounds
readily with other elements. They may lend elec-

trons to other elements, or they may share electrons

with them. They also may borrow electrons from
other elements to fill their outer shells. These are all

ways in which atoms may combine together to
form compounds (see vALENCE).

The periodic table In 1869, the Russian

chemist Dmitri Mendeleev drew a table of all the

elements that were then known. He arranged them
by their atomic weight (now known as relative

atomic mass). He showed that there was a pattern
when the elements were arranged in this way.

ANCIENT ELEMENT

lron was one of the first elements used by humankind and is
still used to make horseshoes.

ELEMENT

Elements with the same sorts of properties occurred

at regular intervals, or periods, in the table.
Mendeleev's periodic table is still used today, but the

elements are now arranged by atomic number rather

than relative atomic mass. Scientists can add the

many elements that had not been discovered in

those days (see MENDELEF,V, DMll'Rl; I'}L,RIODIC IABLE

OF THF, ELF,ME,NI.S, VOL,23; RETAIIVEATOMTC MASS).

Human-made elements Artificial elements

can be made from natural elements. This is done by

bombarding the natural elements with subatomic

particles in an atomic reactor or particle accelerator.

Some of the artificial elements are highly radioac-

tive and dangerous. Some artificial elements, such

as plutonium (Pu), last for millions of years.

See also ACCELF,RATORS, PARI'ICLL,.
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ELEMENTARY PARTICLES An arom is

made up ol tiny, particles called subatomic parti-
cles, or elementarv particles (see at'ov). These

include electrons, which are negatively charged;

protons, which are positively charged; and neu-

trons, which are electrically neutral. These particles

are 100 million times smaller than atoms. They
lorm the basic units of matter. Physicists group
them into families by mass, spin, function, and

charge. Electrons are examples of leptons, which
are small particles. Protons and neutrons are made

up of even snraller particles called quarks. Gauge

bosons have the function of transmitting force,

such as the photon that transmits light and ofierwaves.

ELEPHANT Th. elephanr is the largest living
lar-rd animal. These mammals belong to the order

Proboscidea (see v,tl,tv,lr.). Elephants have fairly
large brains, weighing about 11 lb. t5 kg], small

eyes, and large ears. An elephant's tusks are made of
ivory and are actually incisor teeth from the upper
jaw (see TEETH). An elephant's trunk may be 6 ft.

[ 1 . B m] long and weigh 308 lb. I I 40 kg] . lt is bone-

less, contains more than forty thousand muscles,

and can lift objects as small as a peanut or as large

as a log weighing hundreds of pounds. The tip of
the tn-rnk is very sensitive, and, like a human hand,

can feel an object to determine its shape, texture,

and temperature.

A wild elephant eats constantly, consuming as

much as 605 lb.1275 kgl of food per dav. The ele-

phant, a herbivore (plant eater), uses its trunk to

uproot trees and other plants to get to juicy leaves

that are otherwise out of reach. It drinks by sLrcking

water into its trunk and squirting it into its mouth.
Elephants are sometimes called pachyderms

(meaning "thick-skinned" in Greek) because their
skin is about I in. 12.5 cml thick. In spite of the

thickness of the skin, elephants are very sensitive to
insect bites and will leave an otherwise favorable

area to avoid insects. Since the elephant lacks a pro-

ELEPHANT-Drinking
Female African elephants and their calves gather at a water
hole to drink.

i:rb,r! -it.1 '
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tective layer of fat under the skin, it is sensitive to

very hot or very cold weather.

An elephant has large, round feet and legs that

can measure 20 in. [50 cm] in diameter. The feet

spread out under its weight but become smaller

when lifted. Although elephants walk at about 6
m.p.h. [10 kph], a frightened elephant may run as

fast as 25 m.p.h. [a0 kph].

A female elephant (cow) is pregnant for twenty

to twenty-two months before giving birth to a calf
weighing about 198 lb. [90 kgJ. The calf nurses for
three or four years, is sexually mature by age four-

teen, and is fully grown by age twenty. Most ele-

phants live to be about sixty years old.

Arrican@@Asian

ELEPHANT-African and Asian

An African elephant (top) is larger and has larger ears than
an Asian elephant (bottom). lt also has two lips, n0t 0ne, at
the end of its trunk.

EL

Elephants are social animals, roaming in herds of
ten to a hundred or more. The leader is usually a

female. \When elephants move from one area to

another, they walk in single file with the female

leader at the head followed by the other females,

the calves, and finally, the males (bulls). If
threatened, the bulls form a protective circle
around the cows and calves. Adult elephants are

rarely attacked by other animals, though they
sometimes fight among themselves. Rogue ele-

phants are loners that will attack any animal or per-

son they see. Rogues are usually old bulls that have

been chased out of the herd by younger bulls. Their
violent behavior is probably caused by pain from

disease or decayed teeth.

There are two main species of elephants. The

African elephant is dark gray, has two fingerlike

structures on the tip of its trunk, and has huge ears,

4 ft. ll.2 ml wide. The African bull may be 1 1.5 ft.

[3.5 m] at the shoulder and weigh as much as

12,100 lb. [5,500 kg]. Both bulls and cows have

tusks that may be as long as 9.9 ft. [3 m] and weigh

as much as 143 lb. [65 kgJ each. Generally, the

female is smaller and has smaller tusks than the

male. African elephants are found throughout
much of Africa south of the Sahara desert.

The Asian (or Indian) elephant is smaller than

the African elephant. It lives in India and southeast

Asia. It has an arched back, two bumps on its fore-

head between the ears, and one fingerlike structure

on the tip of its trunk. Its ears are also smaller,

measuring about 2 ft. 10.6 m] across. The bull
stands about 9 ft. 12.7 m] at the shoulder and

weighs about 11,000 lb. [5,OOO kgJ. Most Asian

elephants are light gray, though some are white
with pink eyes. The bullt tusks are about 5 ft. [1.5
m] long. Most female Asian elephants have no

tusks.

The numbers of African and Asian elephants are

decreasing at an alarming rate. The Asian elephant

is listed by the U.S. government as an endangered

species (see aNnaNGERED spF,ctES). This means the

numbers of Asian elephants are so small that they

may soon become extinct, or die out in the world,

although there are some in captivity. Many work in
the forests. There are only about 35,000 to 54,000
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alive in the worlcl today. The African clephant is

only listed as threatened. 'l'his means the sl-rccics is

less in dange r of extinction. 'l-here are about
600,000 African elephants alive today. Scientists

are able to more accurately estimare the numbers of
African elephants because they live in only a few

specific areas of Africa.
'l'here are two main reasons for the decline in the

number of African and Asian elephants. The first is

the loss of habitat duc to clearing of land for agri-
culture and other developrnent. The second reason,

which applies only to African elephants, is the
hunting of elephants lor their ivory rusks. Steps

have been taken to stop the decline in numbers,

however. For example, sarnctuaries have been set up
in both Africa and Asia. Sanctuaries are places

where predators are controlled, and hunting is ille-
gal. ln addition, the United States and most other
countries have prohibited the trade of ivory.

However, ma.lry countries do not have enough
land to set up adequate sanctuaries. It is also diffi-
cult to cnforce laws against poaching (illegal hunt-
ing), and poachers have sophisticated weapons that
allow them to kill many elephants in a small
amount of time. Poaching has continued because

not all countries have banned the sale of ivory.
There is also a large illegal trade ol ivory in those

countries where legal trade docs not exist.

ELEPHANT SEAL Thc clephant seal, or sea

elephant, is the largest of the seals. There are rwo

very similar species-the southern elephant seal,

which lives in and arouncl thc Antarctic, ancl the

northern elephant seal from the Pacific coasts of
California and Mexico. 'I'he male (bull) mav reach

a length of 20 ft. [6 m] and a weight of 6,050 lb.

12,750 kgl.'l'he fcmale (cow) is r-rsually about half
this size. This marnn'ral gets its nirme from the fact

that thc bull has a large nosc that hangs ovcr irs
mouth. This nose can be inflated to form a trunk-
like snout 15 in. [38 cm] long (see trteltir,t,u.; SEAL).

Every year, the bulls engage in intensive fighting
to establish large groups of fernales as mates. A cow

gives birth to one calf that nurses for several wceks

before joining the adults in the daily hr-urts for
food. These seals are carnivores (meat eaters), fced-

ing on squids and fishes, some of which live several

hundred feet below the surface of the ocean.

Elephant seals have been hunted by humans fbr
their skins and their blubber (fat). The blubber
from one elephant seal can yield as much as 2,090Ib.

[950 kg] of oil. Until recently, the hunting was so

extensive that the elephant seal was lacing cxrinc-
tion. Only the total prohibition of seal hunting in
certain areas has allowed the animals to increase

their numbers beyond the endangered level (see

E,NDAN. GL,RL,I) SPECI ES ) .

,;51;p;;.;:,:fl i, -. i], il'-a;,,irir i $,-ffi{*;iiii
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ELEPHANT SEAL

A young bull elephant seal
roars at the camera on a

beach in the Falkland
lslands.
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ELK An elk is a mcmbcr of the cleer family (see

Dl:l:R). The American elk is a brownish deer that

was called wdpiti bv the Amcrican Indians. The

male (bLrll) st:rnds about 5 ft. [1.5 m] tall at the

shoulcler and mai, weigh :rs rnuch as 990 lb. [450
kg]. Its antlcrs nray spread more than 5 ft. [1.5 m]

and have twelve or morc poinrs. J'he female (cow)

is smallcr and cloes not have antlers (see ANTI.F.R).

American elk are herbivores (plant eaters) and

graze in large herds. Thcy usualll'spend the winters

in r.alleys rvhere snowfall is light, returning to the

mountailrs in rhe spring. In the fall, bulls fight lor
mates and fbr lcaclership of the herd. Pregnant

lemales give birth to one calf in May or June.
Natural enenies of the Arnericirn elk include

bears, coyotcs, and rvolves. Elk once roamed ovcr

most ol North Ame rica. L,xtensive hunting by

huma.ns has norv limited their range mostly to areas

rvest of the Rockv Mountains.
Thc Europeirn elk is the same species as the

American moose (see N.{oosF.). It is the world's

largest decr, mcasuring 7.(r ft. 12.3 m] at thc shoul-

der and rveighing 1,804 lb. [U20 kg]. The bull's

F,I,K

This male American elk, or wapiti,
antlers. lt uses the antlers to fiqht
females during the fall.

has fourteen points on its
other males in battles over

ELL

antlers may have a spread of 6 ft. [1 . B m] . The cow

is smaller than the bull and does not have antlers.

Both have coarse brown hair and white legs. The

F,uropcan elk is for-urd in Scarndinmvia and north-
east Europe.

ELLIPSE (i lips') An ellipse is an oval-like shape.

It has rounded sides, and it is longer than it is

wide. Ellipses can be drawn by using a pencil mov-

ing in a loop of string around two fixcd points.'l'he

ELLIPSE-Conic section

An ellipse is formed by
cutting at an angle through
a riqht circular cone.
Cutting parallel with the
base ofthe cone produces
a circle.

Bight

circular
c0ne

Ellipse

Ellipse

x + Y-
constant
value

ELLIPSE-As at :!le1tr9n
An ellipse can be defined as the path 0f a pointthat moves in

such a way that the sum of its distances f rom two f ixed
points is constant. lf the distances are called x and y, an
ellipse is represented by the equation x + y= C where Cis a

constant. The two fixed points are called foci (pluralof
foc us).

Elliptical
orbit

Ap helion

ELI.IPSE-Planet's orbit
The orbit of a planet, such as the earth, around the sun takes
the form of an ellipse. The sun is at one focus of the ellipse.
The point atwhich the planet is nearestthe sun is called the
perihelion; its farthest point from the sun is the aphelion.

Perih e lion

Moving point
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flat surface formed after cutting at an angle
through a cone is elliptical.

In nature the orbits of the planets around the sun

are ellipses. The point where the planet is nearest the

sun is called the perihelion, and the point where it is

farthest from the sun is called the aphelion.

ELM The elm is any of twenry or so species of
large, deciduous shade trees rhar grow throughout
North America, Europe, and Asia (see t)L,(ln)UOUS
'r'REE).

The American elm reaches heights of t00 ft. [:O
ml or more and may live for more than two hun-
dred years. Clusters of small, greenish flowcrs grow
in the axils before the leaves appear (see nxlr.). The
flowers produce flattened fruits with wings. These

fruits are released as the lopsided, tooth-edged
leaves begin to open. Since elm wood is very hard,
it is a valuable source of lumber for use in making
furniture, barrels, and boats. Elm wood is also a

popular fuel.

There are several other important species of
elms. Slippery elm has a gluey inner bark that, if

chewed, gives relief to a sorc throat. It was once

used as a treatment for the disease cholera. Rock or

cork elm is known for its corky bark and its
extremely hard wood. The English elm is the tallest

of the elms, reaching heights of more than
130 ft. [40 m].

Elm trees are often the victims of disease. Dutch
elm disease causes the most widespread destruction

of elms. This disease is caused by a fungus carried

by a bark beetle and can result in the death of the

tree within a few weeks. Another disease, phloem
necrosis, results in the death of the leaves. Phloem
necrosis is caused by a virus carried by the leafhop-

per insect. Both of these diseases spread very
rapidly, often affecting hundreds of trees before

their presence is even known. Insecticides and

fungicides have had limited success in controlling
these diseases. There has been some success, how-
ever, in breeding an elm rree rhar is resistanr to
these disea.ses.

ELM

Elm trees are am0ng the earliest to change tfre cotor of if,eit
leaves in the fall.
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An embryo (Em'bre o') is a living thing in its earli-

est stages of development. An embryo is formed bv

the union of a male sex cell with a fernale sex cell

(see clst-t.). The sex cells are also called germ cells or

gametes. Because these sex cells contain chromo-

somes from the parents, the embryo inherits char-

acteristics from both parents (see Hlnuot't'y).

During prenatal (before birth) developmenr in

humans, a single fertilized egg divides into the bil-
iions of specialized cells in the newborn babv. Once

the basic body shape and organs have begun to

form, which occurs by the end of the first eight

weeks, the embrvo is called a fetus. At the end of a

normal, nine-month pregnancy, the fetus will be

about 20 i". [50 cm] long and weigh about 7.316.

t3.3 kgJ (see t'tll,c,N,,rNcv).

Fertilization of the egg takes place in the

woman's body in a structure called the fallopian

tube. The fallopian tube is part of the female repro-

ductive system and leads from the ovarv (where the

eggs are produced) to rhe uterus (where the

baby develops) (see RF,PRODU(.'l-lvL SYS'I'EM). The

fertilized egg is called azygote. As the zygote moves

EnnsRYo

down the fallopian tube toward the uterus, it
begins to divide by mitosis. Mitosis is thc process of
cellular division in which the entire cell, including
the chromosomes, produces a copv of itself and

then divides. This division produces two identical

cells that are identical to the original cell (see

Mrr osrs).

The two cells becon-re four cells, thcn eight, and

so on untila small, solid ball of cells called a morula

is formed. This mass of cells continues dividing,
forming a hollow, tennis-ball-like blastula. 'I-he

blastula has an inner and an outer laver of cells. In

preparation for the blastula, the wall of the uterus

becomes thick and rich in blooc{ (see r'tsxstnuaL
cYCt-Lr). The outer layer ol the blastula, the

trophoblast, attaches itself to the thickened wall of
the uterus and begins the formation of a placenta

and an umbilical cord. These structures allow oxy-

gen and food to pass from the mother's blood to the

HUMAN EMBRYO

After about eight weeks of development in the mother's
womb, a human embryo is called a fetus. This fetus has been
in the womb for aboutten weeks.
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EMBRYC)
DEVELOPMENT

This sequence of diagrams
shows the development of a

human embryo from a

fertilized egg to a 12-week-
old fetus. The growing
embryo is supplied with
food and oxygen from the
mother's blood, which
passes from the placenta
along the umbilical cord.

2 weeks

baby's blood, and wastes to pass from the baby's

blood to the rnother's. It takes about two months
for the placenta and umbilical cord to be fully
developed.

'l'he inner layer of thc blastula, the embryoblast,

develops into an embryonic disk. l-he embryonic
disk develops into a tube-shaped gastrula with
three laye rs of cells: the outer ectoderm, the inner
endoderm, and the middle mesoderm. Each of
these layers produces specific structures in the baby.

The ectoderm develops into the skin, hair, nails,

@@n

3 weeks

nervous system (including the brain), part of the

eye, and part of the ear. The endoderm produces

most of the digestive tract and its associated organs.

It also produces the tissue that lines or surrounds

internal organs. The mesoderm develops into the

other internal tissues and organs, such as the heart,

kidneys, muscles, bones, and blood.

Fallopian tube
\

B-1 0 d ays

Actual size.
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The development of all oltthese structures is the
resulr ol cellular clifferentiarion (see DrrrFF,RI:N'nA-

TION, (ll--t.l.Lil AR). 'l'he process involved is not
clearly understood, but cclls specialize to perform
certain functions in spccific tissues or organs. After
about four weeks, the embryo is about 0.25 in. [6
mm] long. The head is large and bent over. There
are small swellings called buds on the side of the
embryo. 'fhese buds will develop into arms and
legs. There are blocks of tissue called somites
arrangecl alorrg the embryo's body. These somires

4 weeks

will develop into bones and muscles. Within eighr
weeks of fertilization, cellular differentiation is

virtuerlly complete and the embryo is abor-rt I in.

[25 mm] long.

These first e ight weeks are rhe mosr imporranr irl
the development of the child because it is during
this time that all the adult srruclrres are established

and begin to grow. At eight weeks, the fetr-rs can be

recognized as being human, with human features

and structures.

Birth defects, though relatively rare, are r-rsually a

result of some malfunction during these first two
months. The rnalftrncrion may be caused bv laulty
chromosomes from one or both parents or by exter-
nal causes such as radiation, certain drugs, or cer-

tain diseases (see MUTATION).

Scientists who study the growth and develop-
ment of embryos are called embryologists, and the
branch of science concerned with the growrh and

development of embryos is called embryology.
see also GES'rATrON ptRrOt); REpRoDUctTroN.
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EMERALD'fhe emcrald, a rich green gem-

stone, is a variety of the mineral beryl (see BEIT.YL).

The h ighest-quality emeralds come from
Colombia. Colombia is also the largest producer of
these gems. L,meralds are also mined in South

Africa, Zimbabwe, Russia, and the United States

(North Carolina).
A naturarl emerald crystal has a hexagonal form.

Large and perfbct emeralds are about equal in value

to diamonds. One of the largest emeralds known to

exist is displaved in a museum in Russia. This
emerald weighs about 616s. 12.7 kgJ. I'he gem-

stone known as oricntal ernerald is actually a form
of the mineral corundum and is not a true emerald.

EMERALD

This gold necklace has rows of green emeralds surrounded
by diamonds. Like the gemstone aquamarine, emerald is a
form of the mineral beryl.

EMERY Emery, a dull gray material, is a variety

of the mineral corundum (see cclRuNoutvt). It is

used as an abrasive to grind metals, gems, and opti-
cal lenses. Emery is mined chiefly in Russia and the

United States (see ABR"ASIVF-).

Emery is crushed into tiny pieces or a fine pow-

der. It may then be mounted on paper or mixed

with cement and formed into grinding wheels.

Manufactured abrasives, such as aluminum oxide

and silicon carbide, have largely replaced emery for

industrial uses.

EMOTION An emotion is a reactiotr involving

a feeling or feelings. Common emotions include

happiness, love, hope, desire, fear, anxiety (worry),

anger, hate, and sadness. Emotional reactions can

be aroused by thoughts or by outside events.

Children are born with emotional reactions to

only a few things, such as pain and hunger.

However, they soon learn to respond emotionally

to other things. For example, when a child first

meets a snarling dog, the child may have no emo-

tion toward the dog. However, if the dog tries to

bite the child, the child develops fear of the dog.

Having learned the fear of snarling dogs, the child

may avoid them in the future.

Emotional responses are an important form of
self-defense. They result in changes in the func-

tioning of the body that help give protection
against danger. For example, the adrenal glands

pour the hormone adrenaline, also called epineph-

rine, into the bloodstream when a person is afraid.

This increases the rate of the heartbeat and the

depth of breathing and releases emergency nutrient
supplies from storage for use by the muscles. All
these responses help the person meet the danger or

flee from it (see ADRTNAI- ct-ANDS).

If changes in body function caused by emotions

continue for a long time, vital tissue damage can

result. For example, constant anxiety can eventu-

ally lead to stomach ulcers. Strong emotions also

can make it hard to think and to solve problems.

For example, a student taking a test may be so wor-

ried about failing that he or she cannot think prop-

erly. The body responds to worry in the same

manner that it does to fear. It prepares to fight or

flee from danger. This may make it difficult for a

student to sit quietly and concentrate. Thus, the

worry drains mental energy needed for the test.

See A/so PSYCHOSOMA I.IC DISORDF,R.

EMPHYSEMA (Em'{i s€'ma) Emphysema is a
lung disease in which the walls of the alveoli (air

sacs) and the capillaries (tiny blood vessels) that

thev contain are destroved. The alveoli and the
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capillaries are the point at which oxygen and car-

bon dioxide pass in and out of the bloodstream in
the lungs. The destruction of the alveoli results in
large air spaces that trap carbon dioxide inside the
lung. This excessive amount of carbon dioxide that
is not exhaled obstructs the flow ofoxygen. Persons

suffering from emphysema have difficulty breath-
ing. 1-hey also may suffer from frequent lung infec-

tions, such as bronchitis, that make their breathing
diffi culties even worse.

Emphysema is usually the result of smoking.
However, emphysema may also be the result of a per-

son's heredity or occupation, such as coal mining.
Emphvsema cannot be cured, but it can be treated by

drugs and by physical therapy in which the paticnr

learns new breathing techniques. In severe cases, rhe

victim may have to breathe oxygen through a special

mask that is attached to an oxygen tank.

See ako BRONCIHII'IS: LUNC.

EMULSION An emulsion is a preparation con-

sisting of one liquid dispersed, or evenly distrib-
uted, in another. In contrast with a solution, the

two liquids in an emulsion do not dissolve in each

other. Instead, tiny drops of the dispersed liquid
remain suspended in the other liquid (see COLLOID;

SOLUTION AND SOLUI]II-ITY).

Emulsions are not stable. 1'he liquids usually

separate from each other after a certain time. An
emulsifying agent, such as soap, may be needed

to stabilize the emulsion and prevent it from
separating.

Many common substances, including cosmeric

lotions, foods, lubricants, medicines, and paints,

are emulsions. Oil and water form the mosr com-

mon emulsions. An emulsion can be formed by

either droplets of oil dispersed in water or droplets

of water in oil. For example, milk is an emulsion of
butterfat in water.

See a/so SUSPENSION.

ENAMEL Enamel is a glasslike substance applied

as a coating to metal. Enamel is commonly used as

a protective surface for such things as cooking uten-

sils and kitchen and bathroom fixtures. It is pro-
duced in many colors.

ENA

An enamcl coating is applied to an object bv firsr
grinding sand, borax, and metallic compounds into
a fine mixture of particles. 'l'his mixture is applied

to the object to bc enameled by firing (mclting) the
mixture onto the metal. 'I'he heat n'relts the enamel

and combines it with thc surface of the article .

There are several types of decorative enan'reling.

Cloisonnd, or celled enamel, is made by bending
and soldering metal strips togerher to make a

design (see Sol.l)F-RINc AND BR\ZIN(l). 
-l-he 

holes in
the design are filled with different-colored nixrurcs
of enan-rel, and the object is fired. The hear nrelts

the enamel to bind it with the metal. Charnplevd,

or inlaid enamel, is made by filling designs
engraved in metal with enamel.

ENAMEL

This southeast Asian incense burner is an elaborate example
of cloisonne enamel.
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-ENoAI{cERED SpECrEs

End,rngered sprecies are plants and animals rvhose

numbers are so small that thg1, rllry soon bccome

extinct, or die or.rt. Enclangerecl species are often ir-r

danger because ol hun'ran activities. Thesc inclucle

such actions as destroying the habitat in which a

species lives to makc rootn fcrr a housiug develop-

ment, or proisoning members of a species with
s('wilgc rlr ()t hcr polltrt ion.

l)ircct action againsr a species, strch as collecting
and hunting, also rnav pr.rsh it to extinction.
Collectors have causecl thc cxtinction olsuch plants

as certain orchids ancl circti. 'l'hese plants become

part of valuable collections or ilre solcl for a large

profit. Hunters in search of ivory and valurable skins

are endangering the African elepl'rant and hnrve

pushed the Indian tiger close to extinction.
In recent years, some countrics h:rvc passccl strict

measLlres to protect their endangered species. Many

countries have limitecl or outlawed hunting of cer-

tain endangered specics. Somc countries have

crcatccl sanctuaries for endangerecl animals.

Sanctuaries are places r.vhcrc prcclators are con-

trollecl ancl l'runting is illegal. Marry countries have

outlawed trade in the proclucts ol enclangered

species, such as ivory from elephants.

See n/so CIONSI-.R\A'l-lON: f.X'l'lN(l l l()N; SPtr(llIlS.

ORCHID
Some orchids, such as thrs
South African species, are
highly valued by plant
collectors and as a result
are in danger of becoming
exti n ct.

RHINOCEROS

The black rhinoceros of
Africa is hunted for its
horns, which local people
believe have magical
powers. Overhunting has
made it an endangered
species.
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ENDOCRINE (en'da krin) 'l'hc word endocrine

relers to a type of gland. A glancl is a group of cells

that work together to secrete cherrricals into the
body. The chemicals sccreted by endocrine glands

are called horrnones (see C;t.,lNt); ltt)RN.tt)Nh).
Hormones rcgulate body processes, such as growrh,
rcprocluct ion. rurd cl igt'srion.

Unlike other glands, endocrine glancls secrere

their hormones dircctly ir-rto the bloodstream with-
out first sending them through a duct (tube). 1'he

endocrine glands are locatecl at various places in the
body, and each gland has one or rrore specific jobs.

For examplc, the pituitary gland is at rhc base of the

brain and regulates bodv growth and developmenr.
Because the hormoncs of the piruit:rry gland con-
trol the functions of other cndocrine glands, the
pituitary is often called the "master" endocrine
gland. The parathyroid glands in the throar regu-

late calcir-r.m levels in the blood. The adre nal glands,

attached to the kidneys, regulate the body's use of
proteins and carbohydr:rtes and the balance of salt

and water in body tissues. Hormones lrom the
adrenal glar-rds also stimulate bursts of ene rgv when
a person becomes excited or frightened. The islets

of Langerhans, in the pancrcas. secrcre insulin to
control levels of blood sugar. '1'he ovaries and testes

are the reproductive glands in ltemales and males,

respectively. In addition to producing eggs (ovaries)

and sperm (testes), these glands produce hormones

that affect the bodily changes that occur when a

child devclops into an adult.

When one or more of the endocrine glands does

not work properly, serious disorders or even death

can result. For example, if too little insulin is pro-
duced by the parncreas, too much sugar remains in
the blood, causing diabetes (see lrt,lnttrs). If the
pituitary gland produces too much growth hor-
mone while a person is growing, the person mav
become a giant. If too mr-rch of the same hormone
is produced after a person is fully grown, a disorder
called acromegaly results. Some parts of the bodv
grow too large, and the body becomes deformed. If
the pituitary gland produces too litrle growth hor-
mone, a person may become a dwarf. If the adrenal

glands do not produce enough of the hormone cor-
tisol, Addison's discase can result. This disease

causes weakness, digestivc problems, heart prob-
le ms, :rnd brown coloring of the skin. Another dis-

ease, called Cushing's syndrome, occurs when the
:rdrenal glancls produce too much corrisol. Tl're syn-

dronre is most cornnron in women between the
ages of twenty and forty. lts symptoms include
weak musclcs, high blood pressure, excessive hair
growth, and accumnlation of fat on the face and
neck. The disease is named for Dr. Harvey
Cushirrg, who first described the disease in 1932.

Man1. hormonal disorclers can be rreated by con-
trolling the productior-r of, or replacing, specific
hormones. Sornctimes, X rays may be used on a

gland, or a gland may be removed.

The complex endocrinc svsrem is studied bv
nrcdical specialists called endocrinologists.
Enclocrinologists r-row know that the endocrine svs-

tem works with the ncrvous svsrem in regulating

body function. Bccause the nervous system and the
endocrine system help regulate each orher, the two
systems are sometimes relerred to as the neuro-
endocrine systeflr.

See a/so ADRL.Ni\t. CLANDS; A1.\ATOMY; (lRo\fl'l'H;

NL,RVOUS SYSTF,N,l; RL,I,ROI)UC,TION.

ENDOPLASM Encloplasm is the rhin, liquid
inner layer of the cytoplasm within a cell.
Cytoplasn-r is the mixturc of warer, salt, and organic
material that lies between the cell membrane and
the membrane of the nucleus. Endoplasm contains
many kinds of organelles. These are tiny srrucrures,

such as the endoplasmic reticulum and mitochon-
dria, that carry olrt various cell functions.
See a/so CF.LI-; CY'IOPLASM; F,CTOPLASN1; ORtiAN[,LLL,.

ENDORPHIN (En ddr'ftn) Endorphins are

chains of amino acids produced in the nervous sys-

tem and certain glands of humans and other verre-

brates (see,tiVtNCl ACID; (;LANI); NERVOUS SYS'IF.I\{).

Vertebrates are animals that have a backbone.
Scientists believe endorphins are involved in reliev-
ing pain and regr"rlating such body funcrions as

appetite, cell growth, and sexual development.
Endorphins are also believed to help promore a

Feeling of well-being in humans.

Endorphins are believed to be producecl
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different areas, including the adrenal glands, brain,

pituitary gland, and spinal cord. Scientists have

found that endorphin levels increase during times

of pain, stress, or exercise. For example, endorphin

levels appear to steadily increase throughout
pregnancy and reach a peak just before and during
labor (see ADRENAI- GLANT)S; BRAIN; HORMONE;

SPINAL C-ORD).

Scientists are researching how endorphins carry

out their lunctions. They are also researching

whether a human can control the amount of endor-

phins his or her body produces. Answers to these

questions may affect several areas of medicine . For

example, if scientists can learn how endorphins

influence cell growth and division, they may be

able to applv that knowledge to finding a cure for
cancer or paralysis. Knowing how endorphins
affect appetite may help treat bulimia.

See AIso BULIMIA; CiANiiER; PARALYSIS.

ENDOSCOPY Endoscopy is the visual exami-

nation of the inside of any body cavity with an

endoscope. An endoscope works by allowing light
to travel down a tube to illuminate the cavity. An
image then travels back up the tube through a lens

and can be seen by a doctor. It shows or confirms

the presence of many medical problems, such as

ENDOSCOPY

Surgeons use an endosc0pe t0 see inside a patient's
abdomen. The image picked up by the endoscope is shown
on a video monitor screen.

arthritis, cancer, and ulcers. The first endoscopes

were rigid. This limited use of the instrument to

the esophagus, stomach, and bladder (see ESOPHA-

ciUS; sTilMAcu). Development of a flexible fiber-

optic tube in the 1970s meant that the respiratory

system, intestines, and spaces in the joints could

also be examined (see olcESt'tvE sysrEM;lotNT).

Various tools can be attached to the endoscope

and operated from outside the body. Modern endo-

scopes allow samples of tissue to be taken for fur-
ther examination in a process called biopsy. Many

forms of treatment can also be carried out inside

the body using an endoscope. For example, blood

vessels that are bleeding can be closed using an

electric current or laser operated through an

endoscope.

See also FIBF,R OPTICS.

ENDOSPERM

The endosperm is a food-
storing tissue that
surrounds and nourishes
the embryo in a seed. ln
some seeds, such as this
corn seed, the endosperm
provides edible material.

Endosperm

/
Embrys/ , ''"

ENDOSPERM An endosperm is a food-storing

tissue that surrounds and nourishes the embryo in
a seed (see EMBRYo; SEED). In some seeds, such as

the bean and the pea, the endosperm is completely

absorbed before the seed matures. In others, such as

wheat, part of the endosperm remains until the

seed germinates (sprouts). It is the endosperm that

provides most of the edible material in cereal crops

and in oil-producing seeds, such as corn. The
coconut has a liquid endosperm, the coconut milk.

ENDOTHERMIC REACTION An
endothermic reaction is a chemical reaction that

absorbs heat. For example, when table salt (sodium

chloride) dissolves in water, heat is absorbed. Thus,

the solution of table salt in water is an endothermic
reaction. A chemical reaction that gives off heat is

called an exothermic reaction.

See also EXOTHFRMTc REACTToN iTROiEaT]3
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En.rgy is the ability to exert a force over a distance,

or to do work. There are many different kinds of
energy. All living things need energy to grow. Plants

get energy from the light of the sun. This is elec-

tromagnetic energy (see tLI,CtnOMAGNETIC RADTA-

TION; PHOI'OSYNTHESIS). Heat and light are both
forrns of energy. Animals get their energy by eating

plants or other animals. The food is digested and
provides a source of chemical energy for the animal.

Through metabolism, the chemical energy
derived from food is changed to other forms of
energy for the body's work (see METABOLTSM).

These forms of energy include mechanical energy

to drive muscle contraction, electrical energy for
brain and nerve activity, thermal energy to main-
tain body temperature, and other types of energy

needed to make certain compounds such as fats,

proteins, and glycogen.

\7e need energy to heat our houses. This energy

is often provided by burning fuels, such as coal or
gas. Fuels contain chemical energy. \Mhen they are

burned, the chemical energy is turned into heat

energy. Most forms of energy can be converted into
other forms.

If an object is moving, the energy of its move-
ment is called kinetic energy. When you run, you
possess kinetic energy. This energy comes from the

ENERGY

chemical energy of the food you eat. Another kind
of energy is called potential energy. This is stored

energy. The water behind a dam has potential
energy. If the dam were to break, the water would
rush down. The potential energy would have been

converted into the kinetic energy of the moving
water. The watert potential energy can be used to
produce electricity. The water flows through a tur-
bine and causes its blades to rotate. The potential
energy of the water behind the dam is converted to
the kinetic energy of moving water, which is then
turned into the kinetic energy of the blades. A gen-

erator converts the kinetic energy into electrical

energy (see GENER{TOR, ELECTRICAL; HYDROELEC-
'fRIC PO\rER; TURBINE).

Albert Einstein was the first person to show that
mass is equivalent to energy. For example, rhe mass

of the nucleus of an atom is not the same as the
sum of the masses of its protons and neurrons. The
mass of the nucleus is slightly smaller due to the
nuclear energy needed to bind these particles together
in the nucleus (see Al'OM; F,INSTEIN, ALBERf).

A nuclear power station converts some of this
nuclear energy into electrical energy. Stars also con-
vert some of their mass into nuclear energy. Some

of this energy is given off as light, which we can see

from the earth.

DAM
Hydroelectric dams like thrs
one convert one kind of
energy into another kind.
The potential energy of the
water behind the dam is
converted into the kinetic
energy of f lowing water.
The water turns
turboalternators to produce
electrical energy.
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CONSERVATION OF ENERGY

A marble rolling in a bowl resembles a rollercoaster. At its
highest point it possesses potential energy, which changes
to kinetic energy as it rolls down. As it climbs up the other
side, kinetic energy is converted back to potential energy. ln

this way, energy is conserved.

W'i,s' 
"*;w.ffi

,\W?,
Conservation of energy The law of conserva-

tion of energy states that in a closeci system, whett

energv changes from one form to another, no

energy is lost or gained. For example, when I gal.

[3.8 liters] of gasoline is burned in a car cngine,

about 100,000 kilojoules (kl) of chernical energy

are convcrted into heat energy. Although only
about 25,000 kJ are actually obtair-red for running
the engine, the remaining 75,000 kJ do not disap-

pear. Thev are wasted by heating the engine's cool-

ing water and by heating the air with the exhaust

gases. Some energy, too, is used in overcoming the

friction lorces in the engine Thus, the heat energy

produced by the fuel is equal to the energy used in
running the engine plus the energy wasted in heat-

ing the surroundings (see FRTCTION;IOULE).

If nuclear energy is involved in the energy

change, the change in the mass of the fuel has to be

taken into accollnt. Then the law of the conserva-

tion of energy becomes the law of the conservation

of mass and energy. In this case, the energy pro-

duced is equal to the loss in the mass of the fuel (see

NUCLF,AR L,x.ERC]Y).

Energy supplies The economic law of supply

and demand applies to energy as well as to goods

and services. The price people pay for something is

influenced by what happens to the supply or

demand for it. For example, when petroleum (oil)

is in short supply, the price of petroleum will rise.

It will cost people more, then, to heat their homes

and factories. The price ol products made frorn

petroleun-gasoline, for example-will also rise.

Petroleum and natural gas are examples oF fbssil

luels (sce tr()SSIL FLJF,I-; NAI'Utl.Al. (lAS; P[.Tlltll EL ,\l).

The sr,rpply of most fossil fr,rels is limited. However,

coal is one fbssil fuel that can still be fbund irbun-

dantly in nature (scc c.oal). Coal provides almost

one-third of the world's energy and about one-fifth

of the energy used in the United States. Scier-rtists

estimate that enough coal exists in the United
States to provide energy for the next two hr.rndred

years. Because coal is an nbundant resoLlrce, scien-

tists are researching new ways to Llse coal. However,

there is a disadvantage to using more coal. Burning

ROLLERCOASTER

A rollercoaster is a thrilling amusement park ride that
involves the continual interchange of potential and kinetic
energy. The principle is explained by the diagram at top left
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coal releases polluting particles and gases into the

atmosphere (see POLLL]TION).

The challenge is to find energy sources that are

both renewable and sale for the environment.
Hydrogen may someday be the ideal fuel.
Hydrogen is the most abundant element in the uni-
verse (see HYDRO(IL.N). It releases great amounts of
energy when burned. Hvdrogen is aiso a "clean"

fuel. This means it releases no pollutants when it
burns. In addition, the by-product of burning
hydrogen is water.'I'he disadvantage of hydrogen is

that it is very explosive. Before it can be used as a

fuel, scientists must develop ways to safely store,

transport, and burn hydrogen.

Another alternative fuel is gasohol. Gasohol is a

mixture of gasoline with ethanol or methanol (see

cASOI.INE). Ethanol is an alcohol made from the

fermentation of certain grains or vegetables (see

ENERGY

GEOTHERMAL ENERGY

The heat energy from underground rocks is known as
geothermal energy. Sometimes water in the rocks boils and
causes steam to sh00t out ofthe ground in a geyser. This
geyser, called Steamboal is in Yellowstone National Park,
Wyoming.

ALCOHoL). Methanol is an alcohol made from
methane (see tvtltueNn). By combining ethanol or
methanolwith gasoline, less gasoline is used.

Nuclear fission is also an energy alternative.
Fission involves the breaking up of the nucleus of
an atom (see ttSStClN; NUCLL.US, AlllN{lC). However,

fission produces large quantities of dangerous
wastes. Also, many people are afraid to live near, or
work in, nuclear-powered industries that might

l
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SOI-AR ENERGY

The energy of the sun's radiation can be captured by rows of
solar cells. The cells produce electricity.

accidentallv give off radiation. Scientists are

researching ways to produce energy from nuclear

fusion. Fusion involves the joining of two or more

atomic nuclei (see t,USItlN). Fusion produces no

nuclear waste. However, fusion requires very high
temperatures, which are difficult to achieve. The
extreme amount of energy released from fusion can

also be destructive unless the reaction is properly
controlled.

A safbr soLlrce ole ne rgv nrigl'rt bc thc geothermal

cncrgy from deep rvithin the earth. 'l'his heat

energy comes to the surfircc .rs geysers ancl volcanic

erLlptions (see Sl'RIN(i ANI) (;F.\'SF.I{; \'OL(lAN()).

Some gcothcrnral sources :rre hot enough to be of
practical use in proclucine electricity. 'l'he hcat

warnls water circulating in pipes and convcrts ir
into steatn. 'fhc steanr clrives a turbine. 'l'he turbine
ther-r drives rr generator tl'rat produces electricity.

Geothernral power alreacly is servir-rg thc ncccls of
more than a million people in one part of
California. ln lcelancl, stcarn frorn volcanoes heats

swimtning pools, schools, and homes. Hor.vever,

geothermal energv cloes ha.u'e disadvantages. It pro-

cluces w:rste heat and some offensive odors.

Much progress has bccn rnade in using the radi-

ant energy of thc sur-r. Solar heating of hon-res and

other buildings is gaining acceptance. Also, solar

$TAVE ENERCY

As waves crash on a beach, they give up their kinetic energy
Sea waves are powerful enough to carve caves in rock and
undermine cliffs. Scientists are working to find ways of
harnessing the energy of waves.
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cells for converting radiant energy to electricity are

being used for such tasks as cooling homes and

powering calculators (see solAR CEL-I-).

Another possibility lies in the energy from the

motion of ocean tides. Some countries, such as

Japan, are already using this energy source, but only
on a small scale. In the United States, the windmill
is making a comeback-mostly as a turbine for
generating electricity.

I$rIND ENERGY

The modern version of a

windmill ls a three-bladed
propeller on top of a tall
lattice structure. As the
propellers turn, they drive
an electric generator
mounted at their hub. This
wind farm is located near
Palm Springs, California.

;,.'
i:|

Scientists are researching another energy source

that can be renewed. This source, called biomass,

includes wood, sawdust, grain, and aquatic plants
(see tllol',tass). Biomass can be burned to produce

heat. It can be fermented to produce ethanol (see

FtRMtlN'fATION). Also, through certain chemical

processes, biomass can be converted into methane

or a synthetic (human-made) form of oil called

biocrude.



ENCINE

An engine is a device that uses the energy in a fuel

to do work (see rr-.rnt.). Most engines use gasoline,

oil, kerosene, coal, or coke (coal that is heated to
high temperatlrres without air) lor fuel. -l'he 

ftrel is

burned, usually insidc the engine, producing heat

and high-pressure gases. 'l'he heat and gases in turn
drive the parts of a machine . These machines have

a variety of uses, including drilling, digging, and

purnping. One of the most important uses of
engines is to power automobiles (see AUTOMclLttt-t).

Early engines used steam to drive machines. The
steam came from warter being heated outside the

engine. Until the middle of the twentieth cenrury,
most locomotives were powered by steam (see

LOCOMOIIvU). At the beginning of the twentieth
century, even some ar-rtomobiles were run on steam.

Nearly all of today's cars and trucks are powered

by engines called internal combustion engines.

These are engines in which fuel, such as gasoline, is

burned inside the engine. This is in conrrasr ro

exte rnal combustion engines, such as steam
engines, in which fuel is burned outside the e ngine.

The most commonly used internal combustion
engines are gasoline and diesel engines (see otlsEt-).

The rest of this article will concentrare on internal
combustion engines that use gasoline.

FOUR-STROKE CYCLE

A gasoline engine works in four stages. (1)0n the intake
stroke, the intake valve 0pens t0 allow a fuel/air mixture into
the cylinder as the piston descends. (2) 0n the compression
stroke, the piston moves up t0 compress the mixture in the
combustion chamber. (3) 0n the power stroke, the spark plug
ignites the fuel, and the hot, expanding gases force the piston
down. (4) 0n the exhaust stroke, the exhaust valve opens as
the rising piston forces the exhaust gases 0ut of the cylinder.

Exha ust
va lve

Cra nkshaft
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'l'he first practical gasoline internal combustion
engine was invented about 1860 by Etie nne Lenoir,

a French inventor. In 1861, Nikolaus Otto, a

Cerman engineer, invented a more efficient gaso-

line-powered internal combustion engine with pis-

tons that worked on a four-stroke cycle. 'l'his kind
of engine is still used today.

The first gasoline-burning internal combustion
engines that worked well in motorized vehicles

were made in 1885 by the German automobile pio-
neers Karl Benz and Gottlieb Daimler (sec eENz,

KARI.). Between 1890 and 1897, another German

engineer, Rudolf Diesel, developed the diesel
engine. It burned oil, rather than gasoline, as fuel.

In the late 1950s, Felix \Tankel of Germany
invented the rotary engine. The rotary engine uses

a device called a rotor instead of pistons.

Parts of a piston engine A main part of a pis-

ton engine is a hear,y boxlike structure called the

cylinder block. I'he cylinder block holds tubes

called cylinders. Most cars have four, six, or eight
cylinders. Inside the cylinders are devices that move

up and down, called pistons. Bolted to the top of
the cylinder block is a structure called the cylinder
head. The upper end of each cylinder, which is

closed offby the cylinder head, forms an area called

a combustion chamber. Each combustion chamber

has a pair of valves. One valve, called the intake

valve, lets a mixture of fuel and air enter the cylin-
der. The fuel and air were originally mixed in the
carburetor. From the carburetor, the mixture trav-
eled through the intake manifold before reaching
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MODERN GASOLINE
ENGINE

This gaioline engine, used
in medium-sized family
automobiles, has six
cylinders arranged in a "V"
formation. lt produces just
over 200 horsepower.

the intake valve (see CARBURF,TOn). In many
modern automobiles, the fuel is delivered by a dif-
ferent system. Instead of passing through a carbu-

retor, the fuel is sprayed directly into the cylinders

in small amounts. This system is called fuel injec-
tion. The other valve in the combustion chamber

allows waste gases, called the exhaust, to escape.

This valve is called the exhaust valve. The exhaust

comes from the explosion of the fuelmixture in the

combustion chamber.

Each movement of a piston up or down in irs

cylinder is called a stroke. Most gasoline engines

work on a four-stroke cycle. This means that each

piston goes up and down rwice for each explosion.

Each piston moves up and down at a differenr time.
The up-and-down motion of each piston is

repeated over and over again. On the first down-
stroke, called the intake stroke, the piston is forced

to the lower part of the cylinder by the turning of
the crankshaft. The crankshaft is an unevenly
shaped barlike device that runs along the bottom of
the cylinder block. The crankshaft is linked to the

bottom of each piston by a connecting rod. The
crankshaft is first forced to turn when the engine is

ENGINE

switched on, pulling down the piston. The move-

ment of the piston to the lower part of the cylinder
draws the fuel-air mixture into the conbustion
chamber.

The downward motion of the piston causes the

crankshaft to turn, forcing the piston back up
again. This is its second stroke, called the compres-

sion stroke. The piston squeezes the mixture in its
combustion chamber. An electric spark from a

spark plug attached to the top of each cylinder
ignites the mixture, and it explodes. The piston is

forced down by the explosion for its third stroke,

called the power stroke. The piston is forced to the

top again by the tunring of the crankshaft for the

fourth stroke, called the exhaust stroke. This time,

the piston pushes the burned gases out of the cylin-

der. The gases leave the engine as exhaust fumes

through the exhaust valve. The exhaust valve and

the intake valve are opened and closed by the action

of the camshaft, which runs along the length of the

engine. The camshaft is linked to the crankshaft by

a chain, called a timing chain, that loops around

gears at one end of each of the shafts. The turning
of the crankshaft forces the camshaft to turn. The
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RACING CAR

A specially modified Ford V-8 engine is popular in rorr types
of high-performance cars.

turning of the camshaft opens and closes the valves.

A device called a fly.wheel is bolted to one end of
the crankshaft. The flywheel keeps the shaft turn-
ing smoothly between the strokes (see t l-vwuRRt.).

The energy generated by the motion of the pistons

and the crankshaft is passed on to the wheels

through other parts of the automobile, such as the

transmission, the drive shaft, and the differential.
Several systems are required to keep this whole

process going. A fuel system either supplies the fuel

to the cylinders or mixes the fuel with the appro-

priate amount of air in the carburetor so that the

fuel will explode properly. The ignition system pro-
vides sparks to ignite the mixture at the right time.
A cooling system prevents the engine from over-

heating. The lubrication system keeps all the mov-
ing parts oiled, so they move freely. Otherwise, if
there was too much friction, the metal would wear,

and the engine would overheat (see rnrcrroN).

* :l':f., Rotor ffi

I -\-
Exhaust port

The \Tankel engine The \Wankel engine is a

type of gasoline-powered internal combustion
engine called a rotary engine. A rotary engine

works with a rotor instead of pistons. A rotor is a

rotating device that moves inside the combustion
chamber, which is stationary. In the Wankel
engine, the rotor is shaped like a triangle. The com-

bustion chamber is oval shaped. Because of the way

the rotor fits inside the combustion chamber, it
divides the chamber into three chambers. These

chambers are uneven in size because of the triangu-
lar shape of the rotor. As the rotor turns inside the

chamber, a pathway is opened lrom outside the

combustion chamber. This pathway, called the

intake opening, allows the fuel-air mixture into the

first chamber. As the rotor moves, the fuel-air mix-
ture passes into a second chamber, where it is com-

pressed and ignited by a spark plug. The rotor turns

again, and the exhaust from the explosion fills the

third chamber. Another spin of the rotor allows the

gas to leave the combustion chamber through
another pathway called an exhaust port. At the

same time, the intake opening is opened again and

more of the fuel-air mixture is allowed into the first
chamber. This process keeps repeating. tVankel

engines are used to power a number of different
kinds of automobiles and aircraft. \Wankel engines

are simpler than piston engines. However, they are

also less durable and require more fuel.

WANKEL ENGINE

The Wankel rnginr *orkr in f*,r. ttages (1)During the
intake stage, the fuel/air mixture is drawn in through the
intake opening. (2) During compression, the spark plugs
ignite the fuel. (3) ln the power stage, expanding gases turn
the rotor around. (4) Finally, in the exhaust stage, exhaust
gases are forced out of the exhaust port.

Spark
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Engineering is the study ancl clevelopment of ways

to usc materials lor human purposes. Engineering

involves invention, clcsign, and planning. Scientists

in many different fielcls rely on engineers to ittvent

the technologies they need to carry out their
research. Engineers do everything from designing

rockets to designing medical equipment. However,

all cngineers have one thing in common. They put
scientific knowlcdgc to practical Lrse.

Until the mid-1700s, there were only two divi-
sions of engineering-rnilitary and civil. Military
engineers designecl weapons and engincs lor war-

fare. They also built roads for soldiers to use and

fortified (strengthcned) walls and ditches against

enemies. Civil engineering dealt with the building
of aqueducts (structures that carry water from one

place to another), bridges, canals, and roads for
towns and cities. Earlv engincers designed

ENCINEERING
irrigation systems, which allowed farmers to grow
more food. This helped lead to the start of cities

because no longer did everyone have to be a farmer.

Sorne of the structures built hundreds of years ago

are still in use today (see Rclut lruc-T; BRIDGF;

(,ANAL; IRRIGATION).

Today, many more fields of engineering exisr.

Some of the major fields are civil, mechanical, min-
ing and metallurgical, chemical, and electrical engi-

neering. Each of these major fields includes a

number of specialized fields. Some engineers have

received training in several such specialized fields as

well as other are as of science. For example, a

biomedical engineer uses his or her knowledge of

EUROTUNNEL

0pened in 1994, Eurotunnel runs for 22 miles [35.2 kilometers]
below the English Channel between Dover, England, and
Calais, France. lt has two railroad tracks for trains carrying
passengers, cars, and trucks.



ENGINEERING

biology, medicine, and engineering to creare artifi-
cial body parts, pacemakers, and equipmenr for
diagnosing illnesses (see H,InotcAl L,NGTNEERING).

Another important engineering field is aerospace

engineering. This field combines knowledge about
acronautics, physics, and space to develop com-
mercial and military aircraft, missiles, and
spacecraft.

Civil engineering Civil engineering is the
design and building of large construcrion projects,
such as airports, bridges, canals, dams, hospitals,
railroads, and roads (see RInlom; DAM; RAn.ROAD).

Safety is most important in designing these srruc-
tures. Civil engineers must study the soil and rock
beneath the proposed project. Their research will
tell them how mr-rch weight the soil and rock can

safely hold. This will help them design the struc-

ture so it does not exceed that weight limit. They
must also know the strengths of all the materials
they use. Civil cngineers advise builders on the

COMPUTER.AIDED
DESIGN

Today's engineers can use
computers to help design
structures and testthem. As
a result, they do not have to
build scale models or actual
structures before the
design can be finalized.

MINING
A huge excavator works all
day and all night to dig out
coal from an open-cast
mine. Mechanical
engineers work together to
design such machines.
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maximum load that is safe for bridges. They have

to know how much water a dam can safely hold.
Teams of architects and civil engineers work closely

together on these large projccts. For example, an

architect produces a pleasing and effective design.

The civil engineer makes sure thar suitable marcri-
als are used to build the architect's design. Civil
engineers also have to know about the equipment
that is used in building. For example, they have to
decide how to move materials, using bulldozers,
cranes, mechanical shovels, and other equipment.

Civil engineering is one of the largest branches of
engineering. Specialized fields of civil engineering
include coastal engineering (the design of harbors,
bridges, and construction along coasts), construc-
tion engineering, railroad engineering, warer-
supply engineering, and traffic and highway
engineering (see tsUlLI)lNG CONS t'RUCtTION).

G G

Mechanical engineering Mechanical engi-
neers study, use, design, and build machinery.
Every industry uses machines of some kind. For
example, farmers use tractors, planters, and
harvesting machines. Plastic makers use machines

for melting, mixing, molding, rolling, and stamp-
ing. The electric-power industry uses machines to
produce electricity from coal, oil, and nuclear fuels.

Mechanical engineers design all these machines

and many others.

Mechanical engir-reering has several specialized

branches. For example, aeronautical engir-reers

design aircraft. Automotive engineers design cars,

engines, and machines for building them (see

AFRONAUTICS; AU'TOMOBILt). Marine engineers
design docks, ships, and submarines. Nuclear engi-
neers design specialized machinery for producing
power from nuclear fuels.

^/
REE

^/
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Mining and metallurgical engineering
Mining engineers ancl metallurgical engineers dis-

cover mineral deposits and design the cqr.ripment

ro bring the minererls out olthe earth (see N4tNtN(;).

They also design wirvs to extract nretals from ores.

A mining engineer works closely with geologists.

Geologists are scicntists wl'ro study mineral and

rock formations.
Minine engineers nust know the best way to

construct mine shalts (openings in the earth). They
nrust know about machir-rery that circularcs air in
the shafts and about drills and other digging cquip-
ment. Mining cngineers mav specialize in coal

ARTIFICIAI HEART

An artificialheart is an example of biomedical engineering. lt
is an electrically powered pump that replaces a patient's
diseased heart.

mining, gold n-rining, petroleum mining, ulanium
mining, or other fields. Thev need knowlege of
civil, mechanical, and electrical engineering.

Mr'rallurgicll cnginecrs ere expcrts irr cxtrecting.

or separating, nrinerals out of ores and prepaling

them for use. For example, nretallurgical engineers

design ways to extract iron from iron ore. Physical

metallurgists test minerals and metals for strength

and hardness.

Chemical engineering Cheniical errginccrs

find ways that chemicals can be changed into use-

ful products. A chemical enginecr mav specialize in

one kind of product. Drugs, dves, explosives, fertil-
izers, paints, plastics, soaps, and hundreds more

products are specialty areas of chemical engineer-

ing. The chemical engineer must also understand

how to handle large quantities of chemicals. Some

chemicals are dangerous and must be handled with
special care (see CHEMICAL INDUSTRY).

Electrical engineering Electrical engineering

deals with the construction and use of different
kinds of electrical equipment. Electrical equipment
is used in power plants, radio and television broad-

cast systems, radar, telephone systems, and air-

conditioning systems. There are many specialties of
electrical engineering. For example, electronics

engineers design and build electronic circuits for

products such as computers. Communications
engineers are experts in designing radio, television,

radar, and telephone equipment.

Other engineering fields A number of engi-

neering specialties involve the life sciences.

Biochemical engineers study the human body and

invent new medicines. Food engineers design ways

to safely process, package, store, and transport
foods for market. Agricultural engineers design

specialized farm equipment and buildings.
Environmental, forest, river, and marine engincers

study the impact of building and industry on the

environment. They devise systems that preserve or

improve the environment. Genetic engineers study

ways to improve breeds of plants and animals and

to produce better products from them.
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ENKEPHALIN (En kef 'a lin') An enkephalin is
one of two chemical substances, each of which is
made up ola chain of five amino acids (see AlvllNO

ACII)). They are called met-enkephalin and leu-

enkephalin. They were first discovered in 1975.
Chemically, they are very similar to endorphins and

are thought to perform similar functions (see

LNDORPHIN). Enkephalins act directly on nerve

cells at many places in the brain and spinal cord.

They transmit nervous impulses and play a part in
movement, mood, behavior, sensing pain, and reg-

ulating hormones (see BRAIN; NLRVIT CELI-; NtR-
VOUS sYS'l'L,M; SPINAL (.ORD). Enkephalins are also

found in the nerves and glands of the digestive sys-

tem (see I)tcLS't-tvL, sys't'tiM). Like endorphins,
enkephalin levels appear to increase during preg-

nancy and during times of pain, sfress, and exercise.

ENTOMOLOGY (En'ta mdl'a je) Entomology
is the study of insects. This vast group of organisms

includes three-fourths of the known animalspecies
(see iNSECT). Entomologists (scientists who study

insects) study the body structure and function,
behavior, ecology, and classification of insects. The
field of entomology also often includes organisms

closely related to insects, such as spiders and cen-

tipedes (see AR'I.HROPoDA).

Many entomologists study the effects that
insects have on human life. For example, medical

entomologists study such insects as mosquitoes,

which can carry diseases. Some entomologists
study the effect of insects on farm crops, while oth-
ers study certain insects called parasites, which live

offother organisms (see lnRestrt).
Some entomologists help develop new ways of

controlling insects that are harmful to humans.

Some develop insecticides. Others find nonchemi-

cal ways to control insect populations-for exam-

ple, by using insects' parasites or other enemies, or
by sterilizing the males so offspring cannot be pro-
duced (see BIOLOGICAL CONTROL; INSECTICIDE).

Entomology helps people understand the func-

tion of insects in the ecosystems of the earth (see

ECOSYSTEM). Entomologists realize that most
insects are harmless or even beneficial to humans

and their crops and animals.

ENTOMOLOGY
Entomologists experiment with chemicals t0 attract and trap
weevils that attack coconut palms.

ENTROPY (En'tra p€) Entropy is a measure of
the randomness, or internal disorder, of matter. If a
substance could be made to cool down to the tem-

perature of absolute zero, all the atoms and mole-

cules of the substance would stop moving and be

held in fixed positions. At such a time, there would
be no disorder and thus, no entropy.

A balloon filled with the gas helium provides an

example of high randomness. The helium atoms

move about freely within the balloon, colliding
with each other and with the walls of the balloon.

See also ABSOLUTE ZERO; ATONI; MOLECUI.E; TIIER-

MOI)YNAMICS.
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Eu.ry organism is affected by many outside influ-
ences. These influences include soil, air, water, tem-

perature, sunlight, wind, and many other things.

These influences are commonly referred to as

environmental conditions. The total of all environ-
menral conditions acting upon an organism is irs
environment.

There are many different environments on Earth.

Biologists refer to a large area identified by a par-

ticular kind of climate and by the presence of char-

acteristic plants and animals as a biome (see

etol'{u). The environment or biome of an evergreen

forest is often well shaded, cool, and moist. The
desert environment or biome is usually hot and dry.

The environment at the bottom of the ocean is cold

and dark, with a tremendous amount of pressure.

The characteristics of the environment determine

the organisms that can live in that place. For exam-

ple, an oak tree will not grow at the bottom of an

ocean, nor will a fish livc on desert sands. Often,

Chaparral is a dry environment with cacti and other drought-
resistant plants. This example is near Tucson, Arizona. lt is
hot and dry in the summer, but cool and moist in the winter.

organisms are able to change an environment (see

SUCCESSION).

Humans are able to alter environments more
than any other organism. People can dam rivers,

drain lakes, and even make it rain. By changing the

environment, people have been able to make life
more comFortable in certain ways.

In changing the environment, people have also

done great damage to it. Human actions have

already damaged or destroyed the natural resources

in many different regions. For example, we have

polluted the air around our cities; we have damaged

lakes and rivers by dumping pollutants in them;we
have eroded our soil by using improper farming
techniques; we have destroyed forests by clearcut-

ting huge stands of trees; and we have killed off
many species of wildlife by changing their habitats.

Environmental scientists study the effects of
humans on the environment and suggest ways to

solve problems. One way is to recycle wastes, such

as aluminum or paper.

See AIso CONSF,RVATION; DEFORESTATION; EC]O-

SYSTEM; NATURAL RESOURCE; POLLUTION;

RECYCI-INC.
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EI{\'IRONMENTAL
ISSUES

The sea becomes polluted
with garbage thrown
overboard from ships and
domestic waste dumped at
sea. Eventually much of it is
washed ashore where it will
pollute beaches.

ENVIRONMENTAL ISSUES Environ-
mental issues are topics concerning the problems

facing our environment (see ENVIRONML,N'r'). They
include topics such as the continued destruction of
the rain forests, the pollution of the seas, the pollu-
tion of the air, and global warming (see cRnEx-

HOUSL. L,FFECII'; POI-I-UTION). Other environmental
issues concern the building of new roads and the

destruction of the surrounding countryside. This
destruction kills off many species of wildlife
because their habitats are changed. Almost all of
these environmental problems can be linked to the

rapidly increasing human population.
Biologists and other scientists have become very

concerned about environmental issues in recent

years. The United Nations staged an international
conference-the Earth Summit-in Brazil in 1992
to discuss such issues. Delegates agreed on the need

for an overall program of action for changing
human activities in order to lessen environmental
damage. If nations cooperate in this way, the whole
of humankind will benefit.

ENZAVIE (En'zim') Enzymes are proteins, made

in the cells of organisms, that speed up chemical

reactions. The millions of chemical reactions that
make up the metabolism of an organism are con-

trolled by enzymes (see CHEMICAL REACTIoN;

METABOLISM; PROTEIN).

Unlike most chemical reactions, an enzyme-

controlled reaction occurs at about the body tem-

perature of an organism-about 98.6'F [37'C] in
humans. A chemical reaction, such as the break-

down of sugar, that requires high temperatures in
order to occur outside the body, occurs at body
temperature when controlled by enzymes. The
body breaks down sugar in a rapid series of enzyme-

controlled reactions that release energy slowly. In
this way, the body benefits as much as possible

from each chemical reaction.

Enzymes are very sensitive substances and may be

destroyed at high temperatures. If a persont body
temperature rises to 108'F 142"C), many enzymes

stop working, and the person may die.

An enzyme works by combining with another
chemical substance called a substrate. \When the

enzyme and substrate combine, a chemical reaction

occurs that changes the substrate. The new
substrate is then released. The enzyme, which
was unchanged during the combination and reac-

tion, can join with more of the original substrate.

Thus, the enzyme is reused. Enzymes are said to
be specific-that is, one kind of enzyme will only
act on one kind of substrate. Some enzymes need

an additional substance to allow combination
with the substrate. These substances are called

coenzymes. Many vitamins are coenzymes (see

VI'|AMIN).
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EOCENE EPOCH (€'a s-n'Ep'ak)The Eocene

epoch, a division of Earth history, is the part of the
'I'ertiary period that started about 56.5 million
years ago and lasted about 21 million years.

Mammals were well cstablished by this time. Small

ancestors of the horse and camel appeared.
Primitive whales and rodents developed during this

epoch. Many modern plants evolved during the

Eocene epoch.

See a/so GLOLO(;lCAl- I'lMl: SCIALE.

EPICENTER The epicenter is the point on the

earth's surface directly above the point where an

earthquake originates. Earthquakes originate at a

Shock waves

EPICENTER

The greatest effects of an earthquake are felt at the
epicenter, which is located on the surface directly above the
source of the earthquake (the focus).

EOCENE EPOCH

Many different types of
mammals thrived during the
Eocene epoch, which
ended about 35.5 million
years ago. They included
animals that resembled
modern rhinoceroses and
hippopotamuses, ratlike
carnivores, and small
hoofed mammals related to
modern antelopes and
horses.

point in the bedrock called the focus. Shock waves

produced at the focus spread through the bedrock

in all directions. The most violent shaking usually

occurs at the epicenter.

See ako BEDRO(IK; EARTHQUAKE.

EPIDEMIC An epidemic is an outbreak of dis-

ease in which a large numbcr of people are affected

within a short period of time (see ttlsl-esl-).
Originally, the term epidemic was only applied to

those outbreaks that involved infectious diseases

(diseases caused by organisms called pathogens),

especially diseases that could be spread from pe rson

to person. Today, the term epidemic also refers to

certain diseases, such as cancer and heart disease,

that may have been caused by environmental or

genetic factors.

A disease that has spread throughout a particular
region is known as an endemic. If the disease

spreads throughout the world, it is known as a pan-

demic. A disease that spreads rapidly among other

animals besides humans is known as an epizootic.

Throughout history, there have been epidemics

of such diseases as cholera, influenza, measles, and

tuberculosis (see CHOI.F,RA; INFLUL,NZA; ML,ASLL,S;

f'UBERCULoSts). The most serious epidemic was a

form of bubonic plague that spread throughout
Europe in the 1300s. It was referred to as the Black

Death and caused about 60 million deaths. The

disease is transmitted to humans by fleas from rats

infected with the disease. The most recent epi-

demic facing the modern world is AIDS. At this
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time, there is no known cure for AIDS (see ntos).

Methods of ending or controlling epidemics
include vaccinations against the disease; isolating
individuals with the disease so they do not spread

it; and maintaining good sanitation to control the

breeding of disease-causing organ isms (see

VAC( INATION).

Epidemiology is the study of epidemics.
Epidemiologists study the causes of the disease and

how the disease is spread.

EPILEPSY Epilepsy is a disease in which a per-

son has seizures. Seizures occur when a part of the

brain is not working properly, causing a group of
nerve cells to become too active. This abnormal
brain activity causes unusual movements or behav-

ior in the person having the seizure. Seizures may

occur occasionally in people who do not have

epilepsy, due to head injury, brain disease, or the

abrupt withdrawal of certain kinds of drugs. These

seizures generally stop when the cause is treated.

There are several kinds of seizures. Partial seizures

start in one area of the brain and may spread to

other parts. Generalized seizures start ever).where

in the brain at once.

There are different names for different seizures.

The grand mal attack is the most severe kind of
generalized seizure. It is a form of convulsion (see

CONVULSION). A person having a grand mal seizure

loses consciousness and may fall if he or she is not
supported. The muscles jerk violently. The seizure

lasts a few minutes; then the person may go into a
deep sleep.

The petit mal attack is a milder form of general-

ized seizure. A person having a petit mal attack may

lose awareness, or "go blank." The seizure lasts for
only a few seconds, and the person may not even

realize he or she has had an attack. Most petit mal

attacks occur in children. About half of those with
petit mal epilepsy will get better as they get older,

and the other half will probably go on to have the

more serious types of epilepsy.

A psychomotor seizure is a kind of seizure during
which the person acts strangely for only a few min-
utes. Sometimes the person walks around aimlessly

or tugs at his or her clothes.

EP

Epileptic seizures may occur at any time. Some

people who have epilepsy have frequent seizures.

Others have seizures relatively rarely.

Very little is known about the causes of epilepsy.

The disease may be caused by brain damage due to

infection, physical injury, tumors (abnormal tissue

growths), or other structural defects that occurred

while the brain was developing during pregnancy.

Epilepsy is not contagious. However, in some cases,

it may be inherited. Children of parents with
epilepsy have an increased chance of having
seizures compared with other children.

Doctors treat epilepsy with certain drugs that
reduce or eliminate seizures. It is very important for
a person with epilepsy to take these medications

regularly. It is also important for anyone who has

had a seizure to see his or her doctor so that the

seizures can be treated. 'With proper treatment,
most people with epilepsy can lead normal lives.

EPIPHYTE (ep'a fir') An epiphyte is any plant
that grows upon another plant (called the host) for
physical support. Epiphytes are different from

EPIPHYTE

The staghorn fern is an epiphyte that uses rain forest trees
for support. lts funnel-shaped leaves trap rainwater.
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climbing plants, which have roots in the ground,
and from parasitic plants, which get food from
their hosts (see CLIlrlLllN(l PLAN l; PARASI'l'E).

Epiphytes are often called air plants. They have

special roots and leaves that absorb water from the

moist air, and they get their minerals from dust and

from animal droppings. They have no attachment

to the ground. Most epiphytes are tropical plants.

These include certain orchids, ferns, and members

of the cactus family. Temperate epiphytes include
some ferns and many mosses and liverworts.

EPITHELIUM (Ep'a the'le am) Epithelium is

an important tissue found in human beings and

other animals, and in a few plants. It is made up of
cells that are closely bound to each other to form
sheets. Epithelial tissue acts mainly as a protective

covering, but it also has one or more of the follow-
ing functions: absorption. conrracrion, secretion,

or sensation.

In human beings, epithelium covers the body and

lines the passages of syste n-rs that open to the out-
side, as well as the organs in these systems.

Specifically, epithelium lines the digestive tract
as well as the respiratory, reproductive, and
urinary tracts.

There are three main types of epithelium, based

on the structure of the cells that make up the tissue.

Squamous epithelium is made of thin, flattened
cells with irregular edges. It lines the mouth and

esophagus and covers the skin. Cuboidal

EPITHELIUM
Epithelium tissue lines many of the passages unO .uuitiri in
the human body. The three main types of epithelium are
called (1) squamous, (2) cuboidal, and (3) columnar.

epithelium is made of small, boxlike cells. It lines

some body cavities and helps make up many glands

(see GI.AND). Columnar epithelium is made up of
long, narrow, column-shaped cells. It lines most of
the alimentary canal and forms the innermost layer

of the epidermis (see ALIMENTARY CANAI.; SKIN).

Some specialized columnar epithelial cells have

hairlike structlrres called cilia on their outer surface.

Cilia move fluids or other substances in one direc-

tion. Ciliated epithelium lines much of the respira-

tory system (bronchi, trachea, nasal passages),

female reproductive system (fallopian tubes,
uterus), and male reproductive system (vas defer-

ens, epididymis).
See also Cll.lUM.

EPOCH (Ep'ak)An epoch is a unit of the geolog-

ical time scale. The geological time scale outlines

the development of the earth and life on it. The his-

tory of the earth is divided into four eras. From old-
est to most recent, they are the Precambrian,
Paleozoic, Mesozoic, and Cenozoic eras. All the

eras except the Precambrian are further divided
into periods. The two periods of the Cenozoic era

are further divided into seven epochs.

See ako cEOLOGICAI- TIME SCALL,.

EPOXY RESIN Epoxy resin is a type of plastic.

It belongs to the group of plastics called ther-
mosets. Thermosets become permanently rigid
when heated. Epoxy resins are able to resist many

corrosive chemicals, high temperatures, and effects

of weathering, such as rust. They also harden

quickly and can make strong bonds. These charac-

teristics allow many different products to be made

with epoxy resins. For example, epoxy resins can be

used to line fuel tanks because they will not chem-

ically react with a fuel such as gasoline. Epoxy resins

coat electronic parts in a rocket because they resist

the heat generated when the rocket is launched.

Epoxy resins also are used as adhesives to repair

products made of ceramic, concrete, glass, metal, or

wood, and to stick different materials together.

These adhesives are sometimes called superglues.

'i7hen epoxy resins are combined with glass fibers,

fiberglass is formed. Fiberglass can be used to make
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the bodies of cars and the hulls of small boats, and

it is used as insulation.

See also ADHESIVE; FIBERGLASSi PLASTIC; RFSIN.

EPOXY RESIN

For use as an adhesive, epoxy resin comes in two tubes
containing adhesive and hardener. An amount of each must
be thoroughly mixed before using.

EPSOM SAII Epsom salt is a powdered form
of magnesium sulfate. It is named for the springs in
Epsom, England, where it was first obtained. It
occurs dissolved in seawater and in most mineral

waters. it also occurs in association with minerals

such as epsomite, gypsum, and limestone.

Epsom salt is used as a laxative. It causes a great

deal of water to be retained in the feces, so that they

become loose and pass quickly. Epsom salt should
not be taken frequently, because it interferes with
the absorption of food materials. It should never be

taken when there is abdominal pain. Epsom salt is

also mixed with water to make a solution for soak-

ing inflamed body parts, especially the feet and

hands.

EQUATION In chemistry, an equation is a state-

ment, made up of symbols and formulas, that
shows the changes that occur during a chemical

reaction. A symbol stands for an element. Fe, for
example, is the symbol for iron. .l is the symbol for
sulfur. A formula shows the proportion of elements

in a compound. A compound is a substance that
contains two or more elements. For example, the

formula for iron sulfide is FeS. An example of a

chemical equation is: Fe + S >FeS. This means

that the combination of iron and sulfur produces

iron sulfide.

In mathematics, an equation is a number sen-

tence that shows how two mathematical phrases are

equal. For example, in the equation 3 + 2 = 5,

3 + 2 and 5 are both mathematical phrases.

Another example ofan equation is 1 + 4 = 3 + 2.

See also ALGEBRA; ARITHMEI'lCl; tlHL,MlclAL REACI-

'I'lON ; (]HL,MISTRY; ELEMF,NT; MATH E MATICS.

EQUATOR The equator is an imaginary line
around the middle of the earth, located halfway

between the North and South poles. The equator

represents 0" latitude on a map. The equator is
divided into 360" of longitude (see LATITUDE AND

LONG|r'UDE).

Because of the slight bulge of the earth at the

equator, the equatorial circumference (the length of
the equator's circle) is a little longer than the polar

circumference (the length of a circle around the

earth that runs through both poles). The equator-

ial circumference is 7 ,927 m| 112,756 kml, while

the polar circumference is 7,899 mi. [12,713 km].
Magnetic
north , North

Po le

Eq uatp r

.. :+,-.
li$

b&6'&

South Pole
Magnetic south

EQUATOR

The equator runs around the earth midway between the
poles. lt corresponds to latitude 0". The magnetic equator,
between the north and south magnetic poles, is inclined at an
angle of about 1 1.5't0 the true equator.
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EQUILIBRIUM (e'kwa lib're am) Equilibrium
is a state of rest or balance due to the action of equal

opposing forces. \fhen rwo or more forces acting

on a body oppose or neutralize each other so that
the body does not move, the forces are said to be in
equilibrium. For example, at the exact time that the
forward force of a football fullback is neutralized by
the equal opposing force ofa tackler, the forces are

in equilibrium. Then, the fullback stops moving.

The ease with which the equilibrium of a body
may be upset determines its type of equilibrium. If
the center of gravity of an objecr musr be raised in
order to tilt it, the object is said to be in stable equi-
librium. For example, a book lying on a table is in
stable equilibrium. A pencil balanced on its point is
in unstable equilibrium. The slightest tipping of
the pencil lowers its center of gravity, causing the

pencil to fall. A ball resting on a floor is in neutral
equilibrium. Movements will neither raise nor
lower its center of gravity.

A chemical equilibrium is a state of balance that
is reached when chemical changes have apparently
stopped.

See AIso CHL,MICAI- RF,ACTION; C]RAVITY.

Unstable

EQUILIBRIUM
Examples of the three types of equilibrium-stable, neutral,
and unstable-include a cube, a ball, and a narrow cylinder
balanced on one end. A cone can have any ofthe three
types, depending on how it is positioned.

Sta ble

i

r's,Sfu'

w

EQUINOXThe equinox is one of two days dur-
ing the year when the sun is directly over the equa-

tor at noon. The equinoxes occur on September 22

or 23 and March 20 or 21.. On both these days, day

and night are of nearly equal length all over the
world. The March equinox is called the vernal, or
spring, equinox because it signals the official start

of spring in the Northern Hemisphere. The
September equinox is called the autumnal equinox

because it is the first day of autumn in the
Northern Hemisphere.

See also SEASON; SOLS'I'ICE.

ERA An era is a unit of the geological time scale.

The geological time scale outlines the developmenr

of the earth and life on it. The history of the earth
is divided into four eras. From oldest ro mosr
recent, they are the Precambrian, Paleozoic,
Mesozoic, and Cenozoic eras. The Precambrian era

is further divided into three eras. The Paleozoic,

Mesozoic, and Cenozoic eras are divided into peri-
ods. The two periods of the Cenozoic era are

divided into epochs.

See AIso GEOLOGICAL TIMF, SCALE.

I

-W
at'

Neutral/

Testing equilibrium

Cut a slice of raw potato or modeling clay about 1 in.
[2.5 cm] thick. Push the point of a pencil through the
slice until it sticks 0ut about 1 in. [2.5 cm] on the other
side. Push a dinner fork into the potato as shown in
the diagram. Now place the pencil point on the edge
of a table and adjust the position of the potato until
the pencil is balanced and steady. Give the long end
of the pencil a slight tap. The pencil is in stable
equilibrium so it will return t0 the balanced position
after it is disturbed.
Caution: Be carelul when cutting the potato and
pushing the pencil and fork into it.
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Erosion is the gradual wearing down and carrying

away of the earth's materials. Natural, or geological,

erosion is a slow process caused by wind, rainfall,

oceans, running water, and ice (see \ftsATHERING).

Soil erosion is sometimes the result of the abuse of
land by people.

In geological erosion, the weather plays a major

role. The wind is constantly wearing away rock,

especially in dry areas. In moist areas, water fills the

cracks in rocks. If the temperature falls below the

freezingpoint, 32'F [0"C], the water freezes. Since

ice occupies more space than water, the rocks are

broken apart by the expanding ice. This rock debris

may fall down cliffs or mountainsides, forming the

LOST LAND
Erosion by the sea can
undermine cliffs so that
they collapse. as happened
to this coastal road (above).
The Maryland house (right)
toppled into a river after the
water eroded its
fou nd ation s.

piles of rock often seen below cliffs or along steep,

rocky coasts. These piles are called talus or scree.

Ocean waves pounding against the coast are con-

stantly changing the shoreline. In some places,

waves batter and erode the land. In other places, the

eroded material is deposited to form new land.

Running water is another important factor in
erosion. Rivers carry pebbles, sand, and other
debris that constantly rub against the riverbed. The

Grand Canyon in Arizona is a result of the erosion

caused by the Colorado River. Some of the mater-

ial carried by a river may be deposited at the river's

mouth, forming a delta (see orrrt).
The huge sheets of ice known as glaciers also

carry material from one location to another. When

the glaciers retreated during the last ice age, they

made significant changes in the landscape of the

Northern Hemisphere (see GLRCIATION).

Soil erosion may occur because people change the

land and make it much more vulnerable to geolog-

ical erosion. Natural vegetation, such as grass and

trees, holds the soil securely in place. \When the

vegetation is removed, the soil can be washed away

by a hear,y rainfall. Farmland is subject to severe

erosion, especially in times of drought.
See also GEOMORPHOLOGY; SOIL EROSION.
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ESCALATORAn esc:rlator is a moving stairwrry

found in large stores and pLrblic buildings, such as

railroad, bus, and airline terminirls. Passengers

stand on steps mollnted on a conveyor bclt (see

coNvilYoR). The belt is clrivcn by mn electric moror.

The passerlgers are carriecl either up or down
depending upon thc direction the escalatol is run-
nir-rg. Escalators usually operarc at speeds of lll: ft.
[0.45 nr] to 2 ft. [0.61 ni] per second. Store escala-

tors move at the slowcr speed to give customers

time to look arourrd at the goods. Escalators in
offices ancl airports nlove nrore quickly because

speed is more important thcre. At the top ancl thc

bottonr, thc steps fold to ma.ke a flat, moving plat-
fbrm that is levelwith the landing.'l-his allows the

passengers to step on and olf the escalator easily.

Moving handrails are on either side of the steps.
'I'he handrails nrove at the same speed as the sreps.

An cscarlator can handlc about ten times the
hourly capacity of an average elevator. The first
escalator was displayed in 1900 at the Paris
Exposition by the Otis Elevator Company.

ESCAIATOR

An escalator is a sloping c0nveyor belt with steps for
carrying people between the floors of a building. ln one hour,
it can carry up t0 ten times as many passengers as an
ordinary elevator.

ESCAPE VELOCITY The escape vclocity of
an object is the speed that it mu.sr reach to break

away from the gravitartional pull of some orher
body. For example, the cscape velocity ola satcllite
is the speecl that it has to reach to break away from
the earrth's gravitational holcl upon it. That speed is

25,000 m.p.h. [40,225 kph.]
See a/so (IRAVI'l'Y; \'tll-()Cl l Y.

ESOPHAGUS (i sSfa gas) The esophagus, or
gullet, is a muscular tube in vertebrates (anin-rals

with backbones) that leads from the back of the
molrth (pharynx) to the stomacl'r. It is part of thc

alin'rentary canal (see At.ti\1L.^\'l'ARY (.ANAL) . The
esophagus is made of bands of rnuscles that con-

tract in waves to force food along. These waves of
contraction are called peristalsis. Both striated and

smooth mu.scles make up the esophagus (see J\,1US-

CLE). Control of peristalsis is involuntary. The
direction of the contraction is usually from the

mouth to the stomach.

Thc length of the esophagus varies from anirnal

to animal. For example, a fish has a very short
esophagus, while a giralfe has :r long one. The
esophagus of a bird is modifed with a saclike stor-

age structure called a crop (see CROI,).

The human esophagus is located behind the tra-

chea (windpipc) and is about 12 rn. [30 cm] long
and about 1 in. [2.5 cm] in diameter. It is arble to

stretch and expand to allow the passage oflarge par-

ticles of food. There are special sphincter muscles at

both ends of the esophagus. \i7hen food enters the

mouth, it is mixed with saliva. The upper
esophageal sphincter, located between the pharynx
and the esophagus, opens to let the food into the

esophagus and quickly closes to keep the food from
backing up into the mouth. Lubrication is added by
mucus-secreting glands along the walls of the
esophagus as peristalsis pushes the food through.
The lower esophageal, or cardiac, sphincter, located

berween the esophagus and the stomach, opens to

let the food pass into the stomach. The sphincter

then closes to prevent gastric fluids in the stomach

from entering the esophagus. Heartburn is a condi-
tion caused by gastric juice leaking into the esopha-

gus and causing a stinging or burning sensation.

Endless belt
ha nd ra il



Ruminants, such as cows, are able to crluse the

esophagus to undergo a reverse peristalsis. This
brings food lrorn the stomach back r.rp into the

mouth. This returned food, or cud, is chewed and

swallowed again.

See nlso Dl(l t:S'l'lON; RUNJINANI-.

ESTER Esters are a group of chemical com-
pounds (see COMI'OIJNI)). They are formed by the

rcaction of an alcohol with arn acid. Esters are

organic chemicals.'I'hat is, they contain carbon. All
acids contain an acidic hydrogen atom. This atom

can be replaced by a metal to form a salt, or it can

be replaced by a hydrocarbon grolrp to form an

ester (see HYDROCARBoN).

An example of an estcr is ethyl acetate. It is made

when acetic acid reacts with ethanol. Ethanol is an

alcohol (see F-'I'HANOT-). It is also carlled ethyl alco-

hol. In ethyl acetate, thc ethyl group replaces the

acidic hydrogen in acetic acid.

Many esters have a pleasant odor. The flavor of
fruits and the pe rlumes of flowers are caused

mainly by esters. Esters are used as solvents (sub-

stances that dissolve other substances) ar-rd in man-

ufacturing other chemicals. 'fhey are also used as

artificial flavors and perfumes.

ESTIMATION Estirnation is :r mental process

having to do with mathematics. To estimate, a per-

son mentally computes a rough answer to a math-

ematical problem. Rcsearchers find that in daily
life, most people estimate rather thern do detailed

computations.

The skill of estimating often involves rounding

offnumbers. For example, if a can of cat food costs

99 cents, a person will estimate that each can will
cost $1. If a person plans to buy six cl1ns, the total

cost can be estimated at $6.

The abiliry to estimate is usefr.rl in most occupa-

tions. For example, trmpires in baseball use cstima-

tion rather than take exact measurements to decide

whether a pitch is a ball or ar strike. Meat cutters

become skilled at estimating how much meat

weighs a half pound before they weigh it.
Carpenters estimate how much lumber they will
need to build a hotrsc.

EST

ESTROUS CYCLE (Es'tras s/kal) The estrous

cycle is the period of preparation for reproduction

that occurs in most female mammals (see N{AMN{AL;

RL,PRODUCTION). During the cstrous cycle, changes

occur in the body of the female. For examplc, thc
lining of the uterus thickens, and an egg is releasecl

(see REI,RODUCTIVE SYSTEN{). The estrous cycle is

regulated by environrnental factors, such as tem-

per.lture and number of daylight hours, and by
hormones, which are chemicals produced by the

endocrine glands inside the body (sec FNIXX.RINE;

HORIv'loNE). Some mammals have only one estrous

cycle each year, but small mammals may have sev-

eral. During the estrous cycle, estrus occurs. 
-I-his 

is

the point in the estrous cycle when an ege is

released and when the fernale can become preg-

nant. In most species of mammals the female will
mate only during estrus. At this time, she is said to

be in heat. Some mammals, such as humans, apes,

and some kinds of monkeys, have a monthly men-

strual cycle rather than an estrous cycle.

See a/so MF,NSTRLIAL CYCLL,.

ESTUARY An estuary occurs where a river runs

into an ocean or sea. The estuary is that part of the

river near its mouth where there is a mixture ol
fresh water, from the river, and salt water, from the

ocean or sea. Rivers often widen at their mouths.

giving their estuaries a funnel shape.

The biological importance of estuaries was

ignored until recently. Many estuaries wclc seri-

ously damaged by the dun-rping of sewage, waste

chemicals, and other pollutants into rivers and

oceans. Fortunately, such plants as cattails and

grasses grow in the marshes that are often part of
estuaries. These plants help filter pollutants from

the water.

Estuaries are important ecosystems (see ucclsvs-
't'lM). Estuaries frequently provide protection for
ducks, geese, swans, and other water birds.
E,stuaries also serve as breeding areas for manv

other organisms at the bottom of the food chain
(see FOOD CIHAIN). These organisms serve as foocl

sources for young fish ancl other wildlife. This
makes estuaries a rich environment for many types

of wildlife.
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ESTUARY

Estuaries, such as this one
in Victoria, Australia,
provide feeding grounds
and nesting sites for many
kinds of water birds.

Estuaries have been important historically in
other ways. They have often provided good har-

bors. Many important ports in the United States

and other countries are located on estuaries. The
rich supplies of seafood in estuaries have also been

important in the human settlement and develop-
ment of many areas.

See also DELTA; POLLUI-ION.

ETHANOL Ethanol (C2H5OH) is the alcohol
in alcoholic beverages (drinks) and the alcohol that
is used in industry. It is also called ethyl alcohol. It
can be made in several different ways. In alcoholic

drinks it is made by fermenting grain for beers and

whiskeys, and fermenting grapes to produce wine
(see FERMENTAI'ION). In industry it is manufac-
tured by heating water and ethylene gas under pres-

sure in the presence of a catalyst, phosphoric acid
(see CATALYST; ETHYI-ENB). Ethanol is used to make

other chemicals such as detergents, fragrances, and
flavorings. It is a very good solvent, meaning that it
can dissolve other substances. It is used in the man-

ufacture of varnishes and lacquers. Mixed with
gasoline, it is sold as gasohol.

ETHER Ether (C,H5OC2H5) is a pleasant-
smelling liquid. It boils at 94.1"F [34.5'C]. Its

vapor is very flammable. Ether musr, rherefore, be

handled very carefully and kept well away from
flames. Ether is made by reacting ethanol with

sulfuric acid. Ether was widely used as an anesthetic.

It is used in industry for dissolving waxes, oils, and

in the manufacture of many other producrs.

Chemists actually call the ether described above

diethy/ ether.l'hey use the word ethers for the group
of chemical compounds that have two hydrocar-

bon groups attached to an oxygen atoln, including
diethyl ether.

See a/so HYDROCARBON.

ETHYLENE (eth'a len') Ethylene (C,Ha) is a

colorless gas with a faint smell resembling that of
ether (see ETFIER). It is made by removing some of
the hydrogen from ethane. It is also obtained by
refining petroleum. Ethylene is used as an anes-

thetic, a fuel, and in making other chemicals (see

ANESTHE'I'IC). it also helps ripen fruit. In a mole-

cule of ethylene, the two carbon atoms are joined

together by a double bond (see BC)ND, cHEMicAI-).

Its formula can be written as CH.,,=CH'.
A large amount of ethylene is used to make the

plastic called polyethylene. In order to make poly-
ethylene, ethylene is polymerized (see PoI.YMER).

This splits open the double bond, and long chains

of CH, groups are formed. Chemists sometimes

called ethylene ethene.

EUCALYPTUS (yoo'ka lip'tas) Eucalyptus trees

include some of the world's rallest and fastest-

growing trees. There are about 500 species and
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some of them grow as tall as 330 ft. [100 m]. Native

to Australia, these members of the myrtle family
have been introduced to nearly all other warm parts

of the world (see MYR-l'LL FAMILY). Eucalyptus trees

are now found in warm regions of North and South

America, Asia, Africa, and Europe. The most com-

mon species found in the United Statcs is the blue

gum eucalyptus, which is widely grown in Florida,

California, and Texas. Because it grows so quickly, it
is often planted as a windbreak arround orchards of
citrus trees. Like all eucalyptr-rs trees, it has tough,

evergreen leaves and nectmr-filled flowers. Each

flower is enclosed in a woody cup, with a lid that

falls off when the flower opens.

Eucalyptus is an important source of lumber and

is used for telephone poles, ships, and railroad ties.

The bark is a source of tannin, which is used ir-t

some medicines, and of a resin, called Botany Bay

kino, that can be used to prescrvc and protect wood
(see RESIN). The leaves are rich in an oil that can be

used as a deodorant or an rrntiseptic, and is also

used in many cold rernedics.

See a /so ANTISL,I)'l'1C..

E VA

a dry sunny day lose their moisture in a short ttme.

Heat in the air changes the water in the dish and in

the clothes to water vapor, a gas. The warmer and

drier the air, the more rapidly evaporation occurs

(see valctn).
Evaporation can take place at any temperature.

Ice and snow send offvapor. J'his can be observed

a day or two after a snowstorm. The snow disap-

pears, even though the temperature has never risen

above freezing. The water evaporates directly from

the solid without first becoming a liquid. The for-

mation of a gas in this way is called sublimarion.
Evaporation in plants is called transpiration.

Plants absorb moisture through their roots. They

lose the moisture by evaporation through their
leaves. The more leaf surface that is exposed, the

more rapid the transpiration (see I'RANSPIR;{l'l{)N).
tiThen a liquid evaporates from the surface of an

object, that surfacc becomes much cooler, because

it requires heat to change a liquid into a gas. For

example, sponging a fevered patient with alcohol

reduces body tcmperatllre. Heat is drawn from the

EUCALYPTUS

Eucalyptus trees came originally from Australia, where they
are known as gum trees. This tree is known as cider gum.

EVAPORATION Evaporation occurs when a

substance changes from a liquid or solid into a gas.

The form of a substance depends on the tempera-

ture or the amount of pressure to which it is sub-

jected. For example, water in a dish in a warm room

soon dries up. tWet clothes hung on a clothesline on

EVAPORATION

ln the early morning, water evaporates from a river, which ls
warmer than the surrounding air. lf the air is cold enough, the
water vapor condenses to form mist.
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ACTIVITY Che cking eva poration rates

Pour one tablespoonful of water onto a dinner plate.
Place the plate on a warm windowsill, above a

radiator for example. Check the plate after 6 hours, 12

hours, and 24 hours. What happens to the water?
How long before it all evaporates?

body by the evaporation of the alcohol. In this
sense, evaporation is a cooling process.

Such substanccs as ether and ammonia evaporate

very rapidly. I'he rapid evaporarion of liquid
ammonia absorbs much heat. Thus, liquid ammo-
nia is used in certair-r types of refrigcrators.

The process of evaporation is vital to plant and
animal life. \Water evaporates fiom oceans, rivers,

ponds, lakes, and the moisr earth and later
falls as rain.

See also I{AIN; volAl lL-F- r-reLJrD.

EVENING PRIMROSE FAMILY ThE
evening primrose family includes more than six

hundred species of herbaceous plants, trees, and

EVENING PRIMROSE FAMILY
The seeds of some kinds of evening primrose yield an 0ilthat
is used in medicines.

shrubs (see HLRBA(.L,OLJS PLANT). Members of the

evening primrose family grow throughor-rt North
America and in parts of Europe. The most com-
mon cvening primrose, Oenothera biennis, is a wild
flower that grows as tall as 6 ft. [1.U -]. It has hairy,

stalkless leaves meersuring about 6 in. [15 cm] long.
The flowers are usually largc, about 4 in. [10 cm]
wide, and may be bright yellow, white, or pink.
'l'hey open and release their scent at night and are

visited by moths.

EVERGREEN ,q" evergreen is a tree or shrub
that has leaves throughout the year. Many cver-

green trees in North America are conifers, such as

the pine tree (see (toNlt hR). 'l'heir needlelike leaves

can survive cold, wir-rdy winters, unlikc the broad
leaves of deciduous trees (see I)F.CIDUOLIS I'REI--).

Some evergreens do not have needles. 'I'heir leaves

are tough and leathcry so that they too can survive
in cold weather. Although evergreens are always

clothed with leaves. the leaves do not live forever.

Most die in a year or two, but they do not all die

and fall at the samc time, so the trees are never

without leaves. Evergreens are generally considered
to be softwood trees, while deciduous trecs are con-

sidered hardwoods.

EVERCREEN
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Evolution is the process bv which all living things

on Earth today clescended lrom ancestors that lived
millions of years ago. According to thc theory of
evolution, organisms have evolved, or changed,

and continue to cvolve.

&'/

EvoLUTroN
History of the theories of evolution The
idea of evolution was first suggested bv the (lreeks

about 2,500 years ago. The Greek philosopher
Aristotle proposed that there may have beer-r a grad-
ual development of variclr.rs sp-rccies over a period clf

EVOLUTION OF THE
HORSE

The original ancestor of the
horse, called (1)

Hyracotherium, was a

small animal about the size
of a modern dog. lt had four
toes on each foot and
probably lived in
undergrowth, more than 50
million years aqo. (2-4) lt
evolved through several
stages, gradually getting
larger, until (5) it developed
into the modern horse,
Equus.
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EVOLUTION

thousancls of years (see 
'tttts'l'ct'r'l.E) . Thc

:TIj':,::T:::i:::i."il,'['i:;l'l;r;j ffiby a Frcnch scier-rtist, Gcorgc Louis
Br-rf'fon. Br-rf-fon sr.rggested that perhaps the

horse ancl the ass were relatecl. His ideas caused

a religious Llproar, because n'rost people at that time

believed that eacl'r spccics was created separately

and that nonc was related to another.

Erasmus [)arwin (grarrdfather of C]harles

I)arwin) was one of the next proponents of evolu-

tion. He based his ideas about evolution on his

obscrvations of domesticatcd animals and of vesti-

gial organs (sec VF.s'l'l(llAl. clRc;Rx). Ermsmus

Darwin published his ideas in 1794.

In 1809, Jean Lamarck proposed the first system-

atic theory to explain evolution. His theory has

come to be known as "the inheritance of acquired

characteristics." Lanarck thought that animals

acquired specific physical traits as they adapted to

their environment. For example, he thought a

giraffe might arcquire a longer neck by stretching up

to eat the leaves off of high branches of trees. The

giraffe with the longer neck, Lamarck proposed,

could pass this trait on to his or her offspring.
Lamarck also proposed that if an organism does not

use an organ or body structure, that structure would

waste away and not be passed on to future genera-

tions. Lamarck was not the first person to come up

with this idea of the inheritance of acquired charac-

teristics, although he was the first to publicize the

idea widely. Although the inheritance of acquired

characteristics was later demonstrated to be a false

explanation of how traits could be passed from one

generation to the next, the theory was widely dis-

cussed (see nvaRcK, JEAN BAprtsrE).

The next major advances in evolutionary theory

came about as a result of the work of Charles

Darwin. Darwin formulated his theory of evolu-

tion while on a round-the-world voyage between

1831 and 1836, and published it in 1859 in the

6ook T'he Origin of Species. He proposed that
organisms evolve as a result of natural selection. By

natural selection, he meant that organisms that
were best adapted to their environment would be

the most likely to survive and reproduce. Thus, the

DEVELOPMENT OF LIFE

Lif e on Earth began to
evolve 3.5 billion years ago,
about a billion years after
the earth itself came into
being. The diagram (right)
shows how single-celled
organisms evolved into
many-celled creatures
such as arthropods and
mollusks. Fish were next to
evolve, which in turn gave
rise to amphibians and then
reptiles. Birds and
mammals evolved from
reptilian ancestors.

organisms with the most helpful adaptations

would increase in the next generation of
organisms. If the environment changed,

organisms with different adaptations would be

more likely to survive. Thus, a species would
evolve, or change over time. Animals or plants that

were not well suited or could not change simply

died out. Darwin's general theory has become

accepted by scientists and is the basis for modern

biology (see ADAPTATION; DARWIN, CHARLES; L,NVI-

RoNMINT; sPECIEs). Alfred Russel tWallace came to

the same conclusions as Darwin at about the same

time but, although the two men presented some of
their work .iointly, 

\Wallace was always overshad-

owed by l)arwin and never received the full credit
that was due to him.

Genetics and evolution The characteristics

that are passed from one generation to the next are

controlled by chromosome s and genes.

Chromosomes are threadlike structures found in
every living cell. Each chromosome has a number
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environment and may pass their useful variations

to their offspring (see cHRO\,loSoNIF; DNA; (;ENE).

Mutations are changes that occur as the result of
some gene combinations. Most mutations are

harmful to the organism and nray even kill it.

Occasionally, a mutation results in an advanta-

geous variation. \When this happens, the

mutated organism may survive and pass on

the variation to its offspring (see vur,l-
TION).

Fossils as evidence of evolution The his-

tory of life on Earth is preserved in fossils. Fossils

are evidence of ancient life. By studying fossils, sci-

e ntists can observe some of the evolurionary
changes that have occurred in organisms during the

last 3.5 billion years.

Most fossils are preserved in layers of rock called

strata. The lossils in thc uppermost strata tend to
be similar to modern organisms, while those fossils

in the lower strata often represent an earlier evolu-

tionary stage of an organism. For example, a fbssil

of an early kind of sea urchin shellwas found in the

bottom of a chalk deposit in England. As the sci-

entists searched higher up in the deposit, they

EVOLUTION IN ACTION
Many animals, such as the speckled moth (top) and the
melanic moth (bottom), have developed various kinds of
camouflage through evolution. Their coloring can keep them
hidden from enemies, increasing their chances of survival.

of genes arranged in a particular way. Genes are

units on the chromosomes and are made up of
DNA (deoxyribonucleic acid), which can be

thought of as a complex chemical coding system.

Genes determine how the cells of an organism

develop. During sexual reproduction, genes from
both parents are passed to the offspring. This
results in new combinations of the genes and may

cause variations in size, color, or other characreris-

tics of the organism. Because of natural selection,

organisms with harmful variations usually die out.

The remaining organisms are well adapted to their
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FOSSILS

Fossils are found in rocks
formed from sediments that
settled at the bottoms of
ancient seas and lakes. As
a result, many fossils are of
animals that lived in water,
such as fish and mollusks
(shellfish).

found sea urchin fossils of a more advanced evolu-

tionary stage. At the highest level, they found
modern-looking sea urchins (see lctsstr.).

Other evidence of evolution Other evidence

of evolution can be seen when observing the bod-
ies of animals. The arms of humans, the flippers of
whales, and the wings of bats all show similarity in
their muscle and bone structure. These similarities
indicate the possibility of a common ancestry.

There are many parts of the human body that no

longer serve any purpose. 'l'hese parts are called ves-

tigial organs. People have about one hundred vesti-

gial organs. The appendix is an example of a

vestigial organ in humans. It is, however, of great

importance in plant-eating mammals, such as the
rabbit and the kangaroo (see ll4AMMAt-). At some

evolutionary stage, our ancestors must have needed

the appendix but changes in diet mean that we no

longer need this structure.

Evolution and distribution of organisms
Evidence of evolution is particularly apparent in
isolated regions. Australia has a number of mam-
mals that evolved in a different manner from the

mammals of the other continents. Millions of years

ago, Australia separated from the major landmass,

and the new mammals that were evolving on this

landmass could not get to Australia (see cctNtt-
Nt-NTAl. DRIFT). Australia's mammals, such as the

platypus and kangaroo, thus followed their own

evolutionary paths, without competition from the
"newer" types of mammals that evolved on other
continents.

The Galdpagos Islands in the Pacific Ocean arre

another isolated place where a unique set of organ-

isms have evolved. 'l'he Galdpagos Islands are sepa-

rated from South America by hundreds of miles of
ocean. It was here that Charles Darwin noticed that
each island had distinct species of birds and rep-

tiles. Each species had followed a slightly different
evolutionary path from the mainland organisms.

Thus, the organisms on the Galdpagos Islands

evolved to suit the environment on each particular
island, without significant influence from the
mainland.

Scientists continue to search for undiscovered

species of organisms in remote places to learn more

about how evolution occurs. They study the fossil

record to learn how orgar-risms have changed over

time. Genetics also vields more clues about how
organisms are able to pass traits to their offspring.
By putting together clues from the various
branches of science, scientists are developing a bet-

ter understanding of the process of evolution and

how it has led to the diversity of life on Earth.
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EXCAVATION Excavation is the removal of soil

or rock from the ground. txcavation is often done

before a building or other structure is built. For

example, engineers must bc sure that a structure

rvill be built on firm ground (see ENc;INEERING).

Sometimes, it is necessary to excavate down to
bedrock to make sure the ground is firm. Bedrock

is the solid rocky layer of the earth's crust that lies

just below the surface (see BEIIROCx). Many times

before substances such as coal and ores can be

mined, the overlying soil or rock, or overburden,

must be excavated (see ttltxtNc;). \When tunnels are

built, huge amounts of rock often have to be exca-

vated. This process is begun by drilling a hole,

called a shot hole, in the rock. L,xplosives are placed

in the hole and detonated. The broken-up rock is

then excavated. Underwater excavation, called

EXCAVATION

The digging bucket on this machine can remove large
am0unts of soil at excavation sites. The machine has large
wheels that allow it to move over rough or muddy ground.

dredging, is done to deepen and clear navigation

channels (see oRloclNc;).
Various machines are used for excavation. For

example, a large machine called a dragline has a

long steel beam, called a boom. A cable runs along

the length of the boom and slightly beyond. At the

end of the cable is a bucket. The bucket is dragged

along the ground, scooping up soil and rock. On
other machines, the bucket acts as a digger. The

digging bucket is attached to a rigid arm and is

forced forward or dragged backward into the

ground. Some n-rachines have buckets with inter-

locking sides that act as jaws. When the bucket is

dropped on the ground, the "jaws" are brought
together to gather up soil and rock. The bucket is

then lifted.

EXCR-ETION (ik skre'shan) Excretion is the

process by u'hich a living organism removes the

waste products of metabolism from its body. \iZhen

proteins are metabolized (used) by an organism,
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nitrogen-containir-rg wastes such as ammonia, urea,

ancl uric acid are produced. Because rhese wastes

are poisonous when they build up, rhey musr be

removed from thc bodv. Metabolism produces

other wastes, such as carbon dioxide and water,

which also must be removed from the body (see

M[,TAt]OLrSi\{).

Some simple organisms, such as the ameba and

paramecium, allow wastes to diffuse across rheir
body wall into the surroundings (see I)IFFUSION).

Many simple organisms accumulate wastes in
spaces called contractile vacuoles, which "squirt"

the wastes out of the body. Most animals ha.ve

evolved elaborate excretory systems that filter
wastes and foreign substances out of the blood. In
vertebrates (animarls with backbones), the kidneys

perform not only this function br-rt also help regu-

late the chemical composition of the blood by
removing exccss salts. All these wastes, along with
excess water from the blood and body tissues, form
urine which is stored in the bladder before being
eliminated. Although many factors influence rhe

amount and composition of urine, an average adult
eliminates about 35 fl. oz. I liter] of urine per day
(see KIDNLY; URINE).

The skin is another important organ of excrerion
in humans. An average adult loses about 24 fl. oz.

[0.7 liter] of water and a small amounr of salt each

day in perspiration. If the person is active or per-
spiring heavily, he or she loses much more. This

Water
ente rin g

a meba's

Contractile vacuole
fillinq with water

body

.\
Water
and

Wa Ste Si
Contractile vacuole
emptying

EXCRITION-f nss61s

ln a typicalinsect, a network of Malpighian tubules collects
wastes from around the b0dy. These wastes pass into the
animal's digestive system and are excreted wlth the waste
products of food.

excretion is controlled by the swear glands and
serves primarily to keep the body cool (see sKIN;

S\(/EAT CLANI)).

The lungs are also excretory organs, because they

eliminate carbon dioxide and water vapor. An aver-

age person gives off abofi7 fl,. oz.l0.2literl of car-

bon dioxide per minute. For some animals, such as

dogs, the lungs are vital for remperarure control.
,tlthough dogs have sweat glands, a healthy dog
rarely perspires. Instead, it gets rid of excess mois-

ture and cools itself by panting, breathing heavily
with its mouth open and its tongue our (see LUNG).

Some animals have other specialized excretory
structures. Marine fishes excrete excess salt through
their gills (see cttlt-S). The scales on rhe wings of
butterflies and moths often contain excreted
wastes. Insects use much of their nitrogen-
containing wastes to build strong exoskeletons (see

SKEI-F.TON). Insects also have specialized, tiny tubes

called Malpighian tubules, which concentrare rheir
wastes and recycle virtually all the warer rhar rhe

wastes contain.

Plants often handle wastes by converting them
into oils or solids that are transported ro rhe cells of
the bark or leaves for storage. Substances consid-

ered wastes in other organisms, such as nitrogen-
containing compounds, water, and carbon dioxide,
are actually vital to a plantt food-making process

and growth.
Se e a ko PHOTOS\N'r'HESrs.

being
released

EXCRETION-Simple animal

The microscopic, single-celled ameba above collects wastes
in a baglike vacuole, which bursts to release the wastes into
the water surrounding the animal.

Malpighian tubules
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EXERCISE Exercise is any activity to develop or
maintain physical fitness. Exercise as part of a fit-
ness program reduces the risk of heart disease and

allows thc pcrforn-rance olordinary activities with-
out feeling tired (see HL,ARI DISEASL.). It also reduces

levels of stress, increases resistance to disease, and

increases feelings of well-being. But exercise is only
one part of being fit and healthy. If you are over-

weight or continue eating a poor diet, exercise will
be of littlc or no bcncfit to you (see tttEt').

Exe rcise should improve or maintain three
things:
. stamina, or ability to keep going, with aerobic

(oxygen -demanding) exercises-especially
good for the heart and lungs,

. muscular strength,

. flexibility-for suppleness and joint mobility.
Most people achieve fitness through sports, but
people can exercise almost an1,'where to keep fit.
Exercise must be started gently, built up gradually,

and done regularly. Exercising for at least twenty
minutes, two or three times a week is enough for
most people. Athletes have to exercise harder and

for much longer periods.

EX

EXOBIOLOGY Exobiology is a branch of biol-
ogy that deals with the search for and study of
extraterrestrial life-that is, life on other planets.

The question of life on other planets is an ancient

one that has been argued by philosophers, scicn-

tists, writers, and religious scholars for thousands of
years. Some contend that lifc does or may exist on

other planetsi others say it does not.
Physical and chemical processes occurred on

Earth 3.6 billion years ago, during its early forma-
tion, that gave rise to life forms as we know them.

Fossil records, meteorites, and information gained

from space probes and radio astronomy are exam-

ined by exobiologists for evidence that similar
biological activity might have occurred on other
planets.

Scientists have developed many instruments to
learn about stars, planets, comets, asteroids, inter-
stellar dust (interste//ar means "among the stars"),

and the moons of other planets, such as Jupiter and

Saturn. Radio telescopes detect, collect, and record

radiation received fronr distant galaxies and other
sources in space (see RADIA-I-ION). Space probes are

sent into the universe to transmit photographs of
the surfaces of other planets and other information
back to Earth.

Radio astronomers have detected complex mole-

cules in the great clor-rds of gas and dust ir-r inter-
stellar space. Some are compounds of carbon,
which may be forerunners of more complex mole-

cules of living mattcr.

Astrophysicists and exobiologists deal with many

of the same questions about life (see AS-rRo-

I)HYslCS). Many advocate the possibility of cxtrater-

restrial intelligence. They reasor-r that if the
conditions for life and the existence of intelligent
beings arose in our solar system, then the same

thing could have happened in another star system.

The National Aeronautics and Space

Administration (NASA) space program has con-

cerned itself with the search for information about

space. NASA sent two Vileingspace probes to Mars

in 1976. The probes collected soil from Mars and

conducted experiments with it. Nothing was lound
that proved that microorganisms or any life forms

exisr on Mars (see \{IcROORGANISNI).

ACTIVITY Exercise: how much effort?

To benefit f rom exercise, your heart must work at a

training level for at least twenty minutes during
exercise. This level is determined by subtracting your
age from 220,lhen multiplying by 65 percent. The
figure you get is an approximate pulse rate (in beats
per minutelthat exercise needs to cause t0 improve
stamina.

How quickly the pulse returns to normal (about 70)
also shows how fit you are. A fit person's pulse
should be normal within two to three minutes of
ending the exercise.

But remember: lf it hurts, ST0P.



EXO

The Voyager space probes, also sent bv NASA,
have shown that the orange haze surrounding
Saturn's largest moon, Titan, is a nitrogen atmos-
phere in which complex organic molecules could
have formed. Further investigation may reveal

whether such molecules actually have formed.
In recent years, NASA has also used radio tele-

scopes to search for life in other parts of the uni-
verse. Project SE1-l (Search for Extraterrestrial
Intelligence) has involved using radio telescopes ro
scan the galaxy for signals from other planets.
Computers aid the search, allowing scientists to
monitor millions of different frequencies of radio
waves. In this way, they hope to pick up
nonrandom signals that may be transmitted by
intelligent beings elsewhere in the universe.
Although government funding for the program was

cut in 1993 as part of efforts to reduce rhe country's
expenses, scientists plan to continue the research

with money from private donors.
See a/so ASTRONOMY; RADIO AS'I'RONON1y: UNI-
VLRSF,.

EXOTHERMIC REACTION (ck'so thrr'
mik r€ ik'shan) In a chemical reaction, rhe com-
pounds involved sometimes give off heat (see

CHEI\{ICAL RF,ACil'tON; COMPOUND). When this hap-
pens, the reaction is called an exorhermic reaction.
The opposite can also happen. The compounds

EXOBIOLOGY

0ne of NASA's Voyager
probes flew close to the
planet Jupiter, where ir
detected evidence of the
organic gas methane.

can become colder and absorb heat from rheir sr-rr-

roundings when undergoing chemical reercrions.

This type of reaction is called an endothermic reac-

tion (see ENDO'I'HF,RMICI RLACTION). In an exotherntic
reaction, the reacting compounds contain morc
energy than the products. As the reacrion takes

place, the extra energy is given off as heat.

A common example of an exothermic reaction is

the buming of a fuel such as narural gers. Natural
gas is a mixture of hydrocarbons (see HvDROCAR-

BON). These react with the oxygcn in the air to
form carbon dioxide and water vapor. tr)/hen the
fuel burns, only part of this energy goes into the by-
products, carbon dioxide and water. The rest is

given off as heat.

EXOTHERMIC RI,ACTION
Natural gas combined with oxygen from the air can produce
what is called an exothermic, or heat-producing, reaction. ln
this case, the exothermic reaction results in the blue flame
pictured above.
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