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CrocK Ar.{D \UfitrcH

A clock is an instrument that shows the time. A
watch is a small, portable clock. A clock or watch

often has a dial, or face, on which there is a ring of
evenly spaced numbers from I to 12. The hands on

the face of the clock or watch may point toward any

of the numbers, thereby showing the time. Many

clocks and watches display a changing number, in

digits, instead of having moving hands and station-

ary numbers. These are called digital clocks and

watches.

History Sundials, invented more than four thou-

sand years ago, are the oldest known instruments

designed to show the time. The sun, as it moves

across the sky, casts a shadow on the dial. A sundial

tells time by measuring the length or the angle of
the shadow.

Other devices that were once used to tell time

include candle clocks, water clocks, and hourglasses.

With candle clocks, time was measured by the rate

of a burning candle . The water clock was a leaking

bowl. The hours were noted as the water surface

dropped past lines marked inside the bowl. Su Song,

a Chinese scholar, created a very large mechanical

water clock in the eleventh century. In the hour-

glass, sand flowed from one part of a container into

POCKETWATCH

By the mid-1700s, the mechanisms of pocket watches had

been perfected to keep very accurate time. This watch was
made around 1890.

another part at a steady rate. By nreasuring the

amount of sand in either container, a person could

tell how much time had passed.

Historians believe the first mechanical clocks

were made by a number of inventors during the late

1200s. These clocks, working by a systcm of
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CLOCK TOWI,R
The first clocks in public
places were housed in the
towers of churches and
monasteries to tell people
when it was time to come
and pray. These clocks
had no faces or hands, but
they signaled the time by
striking bells. Tower clocks,
like this one in Milwaukee,
Wisconsin, are still popular
to d ay.l i.ti



WA T C H

,Pallet escapement

Pallet

MECHANICAL CLOCK
A mechanicalclock's
escapement ensures that
the energy stored in its
spring or driving weight (as

shown left) is released in
small, regular bursts. The
accuracy of clocks was
improved by the addition of
the pendulum in the
seventeenth century. When
the pendulum swings, it lets
the escape wheel turn one
tooth at a time. This precise
movement drives the clock
hands using a series of
toothed gear wheels. ln a

mechanicalwatch, a

balance wheel (below) flips
back and forth under the
action of a hairspring.

Balance wheel

Escape wheel

Train of gears

Second hand

Hour hand

Minute hand

+ Main wheel.t'

Barrel

Driving weight

weights, had no hands or pendulum, which is a

body that hangs lrom a fixed point and is free to

swing (see I'ENDULUII4). Instead, these clocks had a

bell that rang to mark the hour.

The word clock prol:ably comes from the French

word c/ot'he or the Ge rman word Glocke both of
which mean "bell." The dial and hour hand had

been added by the middle 1300s. The first clocks

that worked by a system of springs are thought to

have been developed in the late 1400s.

During the 1600s, Christian Huygens, a Dutch

scientist, worked oLlt the conditions for perfect

oscillation (back-and-lorth movement) of a pen-

dulum. A balance wheel and balance spring were

invented in the 1670s, widely replacing the pe n-

dulum. In an instrument with a balance wheel

and balance spring, one end of the spring is

fixed. The other end follows the backward and

forward motion of the balance wheel. The spring

winds and unwinds as the wheel swings. The

manufacture of smaller clocks and watches

started around the middle 1600s. Early watches

had only an hour hand and we re made in unusual

shapes, including skulls and crosses. By the late

1600s, some watches had a minute hand. These

watches, commonly called pocket watches, were

the most popular watch style for more than

200 years.

By the start of the 1700s, minute hands became

common. By the middle of the century, inventors

had developed most of the devices that are part of
modern mechanical clocks.

tWristwatches, at first designed only for women,

became common in the late 1800s. They grew in

popularity for men during \World \Var I
(1914-1918).

The second hand on clocks and watches became

common in the 1900s. Electric clocks were com-

mon by the 1920s. Quartz-based clocks appeared

by the 1930s. The first atomic clock was invented

Hairsprrng

Esc a pement
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in the 1940s. Electric dial watches were introduced

in the 1950s. Digital clocks and watches became

popular in the 1970s.

Typ"t of clocks in use today Modern clocks

range from small, plain models to huge, decorative

works of art. \iThether dial or digital, every clock

has two main parts: (1) the case and (2) the move-

ment, also called the works, inside the case . In addi-

tion to showing time, the movement supplies

power to run the clock. The movement also keeps

time. Timekeeping in most clocks is based on the

frequency (rate) of some repeated action, such as

the action of a pendulum or spring device as men-

tioned earlier. Atomic clocks are based on the vibra-

tions of cesium atoms. Atomic clocks are the most

accurate clocks ever made. They are accurate to

within millionths of a second per year.

The two main types of clocks are mechanical

clocks and electric clocks. Mechanical clocks are

powered by various devices that must be wound.

Resonator cavities

CLOCK AND WA T C H

Some mechanical clocks have to be wound every

day. Some do not have to be wound for a week or

more. Almost all mechanical clocks are dial clocks.

Some are weight driven. Others are spring driven.

Weight-driven clocks are powered by a weight

that hangs from a chain or cord. \7hen the clock is

wound, the chain or cord gets wrapped around a

drum. The weight is drawn up near the drum.
Gravity pulls the weight down. As the weight low-

ers, the cord or chain slowly unwinds, turning the

drum. The drum then turns a number of gear

wheels. These wheels are connected in a series

called a train. Each of these wheels turns at a spe-

cific speed. Certain wheels are attached to the

hands of the clock. A pendulum and a device called

the escapement work together to control the weight

from being lowered too fast. The escapement is

made up of an escape wheel and a verge. The escape

wheel is connected to the train and turns when the

clock runs. The pendulum, the timekeeping device

of the clock, swings from side to side at a steady

Selector magnets

ATOMIC CLOCK

An atomic clock is the most
accurate clock in the world.
It measures time by sensing
the vibrations of atoms o{
the element cesium.

.f.

Vacuum chamber

Cesium oven
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CLOCK AND V{/ATCH

rrrte. As ir swings, ir tilts rhe verge frorn side to sicle.

With each tilt, two hooks called pallets catch the

cscape wheel and stop it. When the penciulurn
swings back, the p:rllcts rclerrse the wheel, and the

rvheel turns slightlr'. This process regulates the

wheels in the train. It also causes rhe tick-tock
sound.

In spring-driven clocks, the mainspring gets

wound up when the clock is wound. The main-

spring unn'incl.s slorvll'. This motion turns the
wheels in the train. Some spring-driven clocks have

a battery that rewinds tl're main spring automati-

calll'. 1'he escapement in a spring-driven clock is

similar to the escapement in a weight-driven clock.

However, manv spring-driven clocks have a balance

rvhcel insteaci of a pendulun-r. A coiled spring
know.n as the balance spring, or hairspring. is con-

nected to the balance wheel. '1'his spring coils and

uncoils. Such action makes the balance rvheel

swing at a steacly rate.

The second rnain group of clocks, electric clocks,

crrn be battcry prowered or line powered. Some bat-

tery-powerecl clocks have a balance wheel or a pen-

dr-rlum th:rt controls their speed. Others have a

tuning fork or a tiny bar of quartz crvstal.
Receiving power from the battery, a tuning lbrk or

crystal vibrates at high, steady frequencies. Quartz-
based clocks contain an electric circuit (see clRCUIt
I.LF.CfRIC). 'fhis circuit changes the number of
vibrations into time information. Most of these

quartz clocks are accurate to rvithin sixty seconds

a year.

A iine-powered clock gets its power from an elec-

tric outlet. The current from the outlet also regu-

lates the clock's speed. The flolv of alternating
current changcs its directior-r 120 times per second

(see ,.TLTERNAI'lNC CURRhNT). In most cilses, a
motor in the clock counts the changes in direction,

using this informatiorl to control the time. Most

cligital clocks are line powered. In some digital
clocks, the digits are printed on moving tapes or on

flip cards. Others have a liquid cry,stal display
(LCD). This n'pe uses cligits that reflect the light
mround it. A light-emitting diode (LED) display

has digirs sh:rped fiom electronic devices called

cliodes, which give off lieht (see LCll); LEI)).

Typ.r of watches in use today Mosr modern

watches are wristwatches, but pocket watches are

still used. Orher rvatches are nrounted in pins,

rinss, or necklaces. t$7atches, like clocks, varl'

ereatly from inexpensive plain models to decorative

models costing thousands of dollars. The two mein

groups of rvatches are dial and digital, based on

how they show the time. The nvo kinds of dial

watches are mechanical rvatches and e lectric
rvatches. Mechanical watches, porverecl by a nrain-

spring, work in the same way as mechanical clocks.

Electric watches get their power from a tiny battery.

Digital rvatches rrre quartz based and have no

moving parts. The circuits in a digital watch
change the tirne information directly into zrn elec-

tric digital display on the watch firce. As in digital
clocks, digital watches have two main kinds olelec-

tric displays, the LCD or rhe LED. Diodes r-rse

more power than the LCDs. To save power, LED
watches show the time only wher-r the person turns

on the display

OLD AND NEW CLOCKS

A traditional alarm clock lanove) n a springnrrven ctock.
Slowly rotating hands indicate the time. A digital clock
(below) is powered by electricity. The time is indicated by
numbers (digits) that change every minute.
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CLONE A clone is an organism asexually produced

from and genetically identical to another organism.

Clone can also refer to a group of such organisms (see

ASF,XLjAl. REPROI)U(I'l'l()N; GL,NL,; RL,PRO[)UC'l lON).

Except for a rare mutation, clones are also exactly

alike in appear:rnce (see MLI'IAI'loN). A colony of bac-

tcria is a clone because each of the millions of bac-

teria has descended from a single bacterium by a

splitting process carlled mitosis (see Ml-rosts).

Simple organisms such as algae and fungi can

reproduce asexually and produce a clone. Plants

can produce clor-res by vcgctative propagation (see

VLCt lAl'lVt PROPA(;ATI(lN). Strawberries, for exam-

ple, send out specialized stems called stolons, each

of which produces new plants.

Some animals, such as sponges and hydra, can

reproduce asexually or undergo regeneration to
produce a clone (see nnitnNERAftoN). Frogs and

salamanders have been artificially cloned by
destroying the nucleus of an egg and replacing it
with the nucleus of any body cell from another
organism of the same species. The cgg develops into
an adult with all the characteristics of the donor.

Cloning has a variety of uses in medical practice.

For example, in the mid-1970s, a technique was

developed for transferring genes from one organ-

ism to another. 'fhis involves combining DNA
from a plant or animal cell with the DNA in bac-

teria. \7hen the bacterium divides, its clones con-

tain the plant or animal DNA in addition to its
original DNA. This type of cloning has been used

to produce the cells that produce growth hormone,
insulin, and interferon. Clrowth hormone and
insulin are used to treat disorders of the endocrine

system. Interferon is a protein that fights the repro-

duction of viruses (see oNR; tNDoCRlNt; HoR-

\lt t5g' INTLRFER( )N).

Recently, clones have been made of the genes of
the AIDS virus. By studying the functions of the

cloned genes, scientists can learn more about how
the virus works. Scientists are also researching ways

to combine cancer cells with immune cells. The
idea is that cloned cells will produce antibodies,

which will prevent further spread of the cancer (see

AIDS; AN I'IBODY; IMN{UNtrv). It may soon be possi-

ble to clone organs and tissues. Some attempts have

also been made to produce a human being by

cloning. The attempts were based on the fact that
because DNA contains an organism's entire genetic

code, it may be possible to "grow" a new organism

from one of its DNA molecules. In 1993, scientists

succeeded in splitting a human embryo to produce

two identical embryos, a process sometimes known
as cloning. If embryos like these were successfully

implanted in a woman's uterus, they could develop

into identical twins. This is possible because cells in

very young embryos, unlike other cells, are unspe-

cialized. This means that any one of them could

develop into a complete organism. As an embryo

matures, its cells develop into many different kinds

of cells, such as muscle, nerve, or skin cells, each

specialized to perform a specific function. Once a

cell is specialized, it cannot become any other kind
of cell. In order to clone a human being from a spe-

cialized cell, scientists would probably have to find
a way to change the cell into another rype of cell,

such as an unspecialized cell. No such technique

has yet been developed. Therefore, most scientists

feel that producing a human clone from cells other

than embryo cells is far beyond current knowledge

and technology. Also, the idea of cloning humans is

surrounded by controversy for ethical reasons.

CLOUD A cloud is a mass of water droplets or ice

crystals that floats in the air. \7ater gets into the air

CLOUD
This view of the earth from space shows cloud formations
over the Eastern Hemisphere.



CLO

From evaporation of oceans, lakes, and rivers (see

L.vAPORATIOx). As height above the earth increases,

temperature drops. Cooler air cannot hold as much

water vapor as warnl air. V7hen the temperature

drops below the dew point, some of the water vapor

condenses into water droplets, forming clouds (see

CONDF.NSATION; DF.w POINT). The water droplets

may remain liquid below the freezing point, 32"F

[0'C]. If this occurs, they are called supercooled (see

SUPERCOoLING). In clouds high up in the atmos-

phere, where the temperature is far lower, the water

droplets become ice crystals. Rain and snow fall from

clouds of supercooled water droplets and ice crystals.
-fhere 

are two maior cloud types. Cumuliform

clouds are puff'white clouds. They have a flat bot-

tom and are often very tall. When cumuliform
clouds grow very tall and dark, they are called

cumulonimbus clouds, or thunderheads. The other

important cloud type is stratiform clouds.

Stratiform clouds are long blanket clouds that form

in layers. They often bring rain or snow. Ten

important cloud types within the three major typcs

are listed in the table.

See AIso AfMOSPHERF,. tpndlEerE

3 cumulonimbus4 nimbostratug

2 cumulus

CLASSIFICATION OF CLOUDS

Height
(figures refer to
middle latitudes)

Type of Cloud Symbol Description

Low Clouds
Up to 8,000 ft.
[2,439 ml

Stratus
Cumulus

Cumulonimbus

Nimbostratus
Stratocumulus

St
Cu

cb

Ns
Sc

Uniform, gray cloud layer. May cover high ground.

Detached heaps of cloud, considerable vertical development.

Brilliantwhite when lit bythe sun. Fairly horizontal base, but bulging upper parts'

The thundercloud. Dense, with the upper portion often flattened. lts base may be

very dark.
Gray, often dark, layer of cloud, sometimes blurred by falling rain or snow.

Grayish white sheet of cloud, with definite shading.

Composed of rounded masses that sometimes merge'

Medium Clouds
8.000-15,000 ft.
[2,439-4,573 m]

Altocumulus

Altostratus

Ac

As

Grayish white sheet 0r patch of cloud, with definite shading.

Composed of rounded masses, often merged^

Grayish sheet of cloud, either fibrous or uniform in appearance.

High Clouds
Above 15,000 ft.
[4,573 ml

Cirrocumulus

Cirrostratus

Cirrus

Cc

Cs

ci

Thin sheet or patch of cloud in the form of ripples or rounded small masses,

often merged.
Transparent{ilmoffibrous,whitishcloud. ltisoftenthecauseofthe "halo"seen

around the sun or m00n. which it produces by the effect of light on ice crystals.

Delicate white, detached clouds with fibrous appearance.
Its many forms include "mares'tails."
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CLOVE The clovc is a tropical, evergreen tree

that produces flower buds that are dried and used

as a spice. The tree grows as tall as 40 ft. [12 ml and

has large, pointed leaves. 'fhe flowers are purple
and grow in clusters. If the flower bud is picked and

dried before it blooms. it can be used to make a

powder or an oil with a strong odor and a sharp

taste. Clove powder and oil of cloves are used as a

flavoring for cakes and candies. Oil of cloves is also

used as a dental anesthetic. Whole clove buds are

used to flavor hams and other fcrods.

S ee a /so I--Vt-R(l RL.L.N.

CLOVE
Flower buds

The clove tree belongs to
the same family as the
eucalyptus tree, both of
which contain strong-
smelling oils. The clove
tree is a native of
lndonesia, but it is now
grown in several other
parts of the world. The
island of Pemba, off the
coast of Tanzania in East
Africa, produces most of
the world's cloves today.

Yr
D ried
buds

CLOVER Clover is the name given to more than

thrcc hundred species of herbaceous plants that
belong to the pea family (see HERBIcEOUS PLANT;

PF.A FAN,{tLY). These plants grow wild in fields

throughout temperate areas of the Northern
Hemisphere and in southern Africa and South

CL

America. Clover is often cultivated as a fbod lor
livestock. Since clover is an excellent agent of nitro-
gen fixation, it is frequently plowed back into the

ground to enrich the soil (see xt't'ttctclEN I-lxAl'loN).

Red clover is the most important variety of clover.

Although it is a perennial (meaning that it lives for

more than two vears) , it usually dies within three

years. Red clove r may grow as tall as 24 in. [60 cm]

and can be pollinated only by a bumblebee (see

PoLLINAll()N). Other common types of clover are

white clover, crimson clover, and strawberry clover.

Clover leaves usually have three leaflets attached.

Four-leaf clovers, with four leaflets, have long been

considered a sign oigood luck by some people.

CLUB MOSS A club moss is an1, of more than

1,200 species of small evergreen plants growing in

damp habitats nearly all over the world, inclLrding

cold mountain slopes and tropical forests (see E\/F.R-

cRELN). A member of the phylum l,ycopodio-
phyta, the club moss is not a true moss. 'fhe club

moss produces a horizontal stem called a rhizome

on or just below the surface of the soil. Roots and

upright green stems covered with small, needlelike

or scalelike leaves grow from the rhizome. The
green plant is the asexual or nonsexual stage of the

life cycle (see Rrt'l,nsATIoN C)F cENERAI'IONS).

Small cones grow singly or in clusters at the tips of
the stems and scatter tiny spores that grow into the

sexual phase of the life cycle. This phase is a rarely

seen underground sausage-shaped body on which

the sex org:rns and sex cells are produced.

CLOVER

The flowerheads of clovers consist of many tiny flowers,
each packed with nectar from which bees can make honey

CLUB MOSS

Club mosses are related t0 ferns. This one grows in the
Arctic and on the mountains of Canada and Europe.



CLU

During thc Carboniferor-rs periocl, which lastecl

frorn 345 rlillion verrrs ago to 2U0 million years

ago, club mosses gre\v to heights of 100 ft. [30 ml.

Thcir remains arc an irnportant pmrt of cclal.

See a/so \'l()SS, t.lVt:l{\X,'OKI, ANI) I IOITNV'OKI-; I)l.AN'l'

KI^V(IIX)M.

CLUTCH A clutch is a device that is used to

transmit power lrom an engine to a drive shaft. 
-l'he

clutch rnakes it possible to keep an engine rttnning

even though the drive shaft has stopped rurning.
'l'his is more efllcient than stopping the engine

each time the shalt is stopped.
(llr-rtches can be fbr-rnd on manv familiar objects,

including farm ancl factory machinery, clothes

washers, dishwashers, sewit-rg machines, power

lawnmowers, and bicvcles. The most familiar
clutch, however, is the one used in automobiles.

The driver of a car needs some device to disconnect

the engine from the drive wheels in stop-and-go

traffic and to shift gears. The clr-rtch does this iob.
'fhere are two types of ar-rtomobilc clutches, the

mechanical clr-rtch and the hydraulic clutch.

Tl're mechanical clutch cot'tsists of one metaldisk

pressed tightly bctween two other disks. It is oper-

ated by a foot pedal controllcd by the driver. 'fhe

disk in the middle is called the clutch plate or dri-

ven plate. It is cot-rt-rected to a shaft leading into the

transmission. '1'he transmission contains sets of
gears that allow the drive shaft to turn at various

speeds. The othcr two disks in the mechanical

clutch are the flv wheel, which is mounted on the

engine crank shaft, ar-rd the pressure plate. The

pressure plate is attached to the clr.rtch shaft. When

the driver takes his or her foot off the clutch pedal

to engage the clutch, powerful springs push the

pressure plate toward thc flywhcel. The pressure

plate holds the clutch plate tighdy against the fly-

wheel. Friction between the clutch plate and the

rotating fly'r,vheel causes the clutch plate to turn'
-I'he clutch shaft on which it is mounted rotates

and transmits power to the transmission. ti7hen the

driver pushes down on the clutch pedal to disen-

gage the clutch, the pressure plate ar-rd clutch plate

move away from the fl1'r,vheel.

The hvdraulic clutch is used on all cars that have

.rutomatic transmissions. This clutch automaticallv

cngages and disengages and thus eliminates the

foot pedal. The l-rydraulic clurtch is linked electri-

cally to the gearshift lever and tl're engine . It opcr-

ates autonratically wl-ren the driver moves the

gearshift lever to change gears, or when the engine

requires gemr changes because of the speed at which

the car is moving. The hydraulic clutch is con-

tained in a housing that looks like a large dough-

nurt. Disks containing m series of fanlike blades are

mounted insicle the housing. The disk closest to the

engine is connected to the engine crankshaft.

When the crankshaft turns, this disk tr-rrns.

Another disk is connected to a shaft leading into

the transmission. J'he housing is filled with oil,

called hydraulic fluid. When the driver moves the

gearshift lever, the front disk begins to turn. lts
blades are positioned so that thev spin the oil
toward the other disk. The second disk's blades are

positioned so that the spinning oil, or fluid, forces

the disk to turn in the same direction as the first

disk. The driven disk, or the one nearest the trans-

mission, can never turn quite as fast as the disk con-

nected to the engine crankshaft because the fluid
actior-r has a bit of slack in it. That is whv it is pos-

sible for a car with a hydraulic clutch to stand still

while the engine is running slowly even though the

transmission is in gear. The hydraulic clutch also

smooths out f erks caused by the shifting of gears or

sudden changes in speed.

See nlso AU'I OMOBILE; HYI)RAULICS.

CNIDARIA (ni dl're a) Cnidaria is a phylum of
the animal kingdom. The phylum is sometimes

called Coelenterata. The sea anemone, coral, jelly-

fish, and hydra are members of Cnidaria' They

range in size from microscopic to over 6.6 ft.12 ml

in diameter. There are about 10,000 different kinds.
'Ihe body of a cnidarian is a hollow sac. The ani-

mal brings in food and removes waste through the

one opening in the body. The opening is usually

surrounded by arms called tentacles. These tenta-

cles capture food and bring it into the opening'

where it is eaten. Cnidarians eat small invertebrates

(animals without backbones) and fishes. The ten-

tacles are clothed with stingers called nematocysts.

396



Medusa
(jellyfish)

CNIDARIA
The two main groups of the cnidarians are the polyps and the
medusas (top and middle). Both animals pictured have been
cut away to show the central cavity where food is digested.
The plumose anemone (bottom) is a very common sea
anem0ne. Up to 1Z in. [30 cm] high, it has as many as 1,000

shorttentacles in dense bunches.

The nematocysts look like little spears at the ends

of slender threads. If a small animal touches the

tentacles, the nematocysts shoot out and either

spear or wrap :lround the prey. They often inject a

poison that kills or paralyzes the animal. The
nematocysts of such cnidarians as Portuguese men-

of-war sting swimmers who brush against them
(see I'ORTU(,iUESE MAN-OF-\(/AR).

COA

(lnidarians can be divided into tr.vo main groups:

medusas and polvps. Medusas are jellyfish, which

swim freely about. Polyps are saclike animals that
anchor the ir bodies to rocks, or the bottom of the

sea or a lake, or underwater plants. Hydras and sea

anemones are single polyps, and most corals are

polyps that live together in colonies. Some cnidar-

ians have both medr-rsa and polyp stages in their life

cycles. The medusas are produced from special

polyp buds that, in time, break free and swim eway.

The medr-rsas then produce eggs and sperm that
unite and develop into polyps.

See also AI.TF-RN;\'l'lON OF (,L.NL,RA'I IONSi RTPRODU(.-

iloN.

COAL Coal is a naturally occurring accumulatior-r

ol vegetabie matter. It has been changed by heat

and pressure over a long period of time into a light-
weight, black to brown, rocklike material. Coal is a

source of energy. It is also a source of raw materials

for the chemical industry. The United States

produces more coal than any other country. Forty

percent of the world coal supply is located in

North America.

Coal formation Large quantities of coal formed

during a time called the Clarboniferous period,
which lasted lrom about 3(r3 million years ago to

about 290 million years ago. Parts of the earth

were then covered by swamplike seas. Because of
the hot, moist climate, gigantic plants rvere able

ro grow. When the plants died, they sank into the

swamp, and new plants replaced them. As the

newe r plants died, layers of dead material began

to form. Mr-rd and sand settled on top of this layer

and pressed sorne of the water out. Eventually the

land rose, and more plants grew on the surface.

These new plants died, decayed, and were cov-

ered by mud and sand again. This cycle contirr-
ued for millions of years. Many layers of stratified
matter fbrmed as decaying material was forced
further beneath the surlace (see STRATIFICATION).

Great pressure was produced by these manv lay-

ers. The pressure, together with chemical reac-

tions, gradually transformed the decayed material
into coal. This is why coal is called a fossil fuel.

-.";l

,s{kp



COA

COAL-A fossil fuel

The black dusty nature of coJis a familiaisight in uny
traditional industrial area. Through a micr0scope it is often
possible to detect the plant fibers and pollen grains that
show its vegetable origin. 0ccasionally we can see the
actual ferny leaves preserved in the layers.

Sometimes, tl-re outline olan ancient plant can be

seen in a lump of coal.

Kinds of coal Coal consists mirinly of carbon,
hydrogen, oxygen, and nitrogen. Coal has no

cl-remicirl formula because the elements that com-

pose it appear in different ratios. Coal is classified

by geologists as sedimentarv rock (see SEDIMEN-

TARI ROcK). There are several different types ol
coal. Peat is a material in the first stages of coal for-
mation. When removed from the ground, it may

contain as much as 90 percent water. Peat must be

dried out befbre use. Dry peat contains up to 60

percent carbon (see t'1.,u).

Lignite contains less lvater than peat. Lienite is a

brown or black coal. When dried, brown lisnite is

60 to 75 percent carbon. Black lignite is often
called sub-bitr.rmir.rous coal and may be more than

80 percent carbon (see lrcxtrn).
Biturninous corrl is rhe most coml-non type of

co:rl, containing up to 80 percent carbon. It has

many industrial uses as well as being an important
fuel. Most of the bituminous coal minecl in the

United States comes from the area iust west of the

Appalachian Mountains.

Anthracite is the final product of the coal fbrma-
tion process. It contains ver)' little water and i.s

about 95 percent carbon. Most anthracite is mined

in eastern Pennsylvania. Almost half of the
anthracite produced is used for heating. It is the

most expensive type of coal.

Coal mining Coal is r"rsuallv mined in one of
two ways, either strip (surface) mining or under-

gror-rnd mining.
Strip mining is done bv removing the soil above

a coirldeposit. When the coal is exposed, explosives

are used to break it up. The coal is then loaded into
trucks anc'l taken away. Althoueh strip mining is an

efficient way of obtaining coal, it has a damaging

effect on the enr,.ironment.

Underground mining reaches coal deposits deep

below the surface. In a shaft mine, a hole is dug

.straight down to the coal. Air for the miners is pro-
vided byventilation shafis. Practically allof the coal

is mined using machines ancl explosives. The coal

removed lrom the cleposit is loadecl into a wagon-

like car that carries it to the surf,rce. The rniners

enter and leave the shaft by elevator.

Another method of underground mining is
called slope mining. Slope mining is used to reach

coal deposits in hillsides. A sloped tr-rnnel leacls

from the outside to the coaldeposit. Tiains are used

to nrove the coal, as well as to transport the miners

in and out of the mine.

See also MINING.

COAL GAS Coal gas is a fuel made up n.rainly

of hydrogen and methane. It is obtained when
coal is heated in the absence of air. The coal is

heated in large, airtight ovens called retorts. The
lack of air prevents the coal from burning. When
the temperature reaches 2,010'F [1,100'Cl, the

coal sives off vapors and gases and chanses to
coke. These vapors and gases are treated to remove

important by-products, such as tAr, amrnonia, and

hydrogen sulfide. 
.fhe 

coal gas that has also been

produced is stored in large containers, called gas

l-rolders. It is burned to produce heat for factories

and homes.

See also COKE.
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COAST The coast is the land next to the sea.

\faves are always changing the shape of the coast.

In some places, the waves erode, or wear away, the

coast. In other places, they deposit, or pile up,

material to form new land (see tRctstoN).

The changing level of the sea has a great effect

on the coast. Since the Ice Age, water from melted
ice has made the oceans much deeper and has

flooded many coasts. In some places, earth move-

ments have caused the coastlines to emerge, or rise

out of the water. For example, the east coast of the

United States emerged from the sea and later par-

tially submerged. A submerged coastline is one

that has sunk into the sea. Submerged coasts often

COAST

Coasts are either wearing
away or building up. Where
they are building up, we find
beaches of smooth gravel
or sand (top). Where they
are wearing away, we find
crumbling cliffs battered
and broken bythe beating
of the waves (below).

COA

have long shallow inlets called rias, which are

filled with water.

Coastal erosion Sand and pebbles along the shore

are always moving and rubbing against each other
with the movement of the waves. This motion
grinds down the sand and pebbles to much smaller

particles. During storms, large waves trap air in
holes and cracks in the rock along the shoreline.

When the air is released, it may have enough force

to break apart the rock. Storm waves can also lift up

pebbles and rocks and throw them against the
shore. This may undercut cliffs to form caves. Soft

rock erodes faster than hard rock. On coasts where

dr
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there are both soft and hard rocks, the soft rock

may erode completely, leaving the hard rock stick-

ing out into the sea. This jutting-out area is called

headland. ti7hen two caves meet in a headland, a

natural arch is formed. If the arch falls, a pillar of
rock called a stack remains.

Coastal deposition Some material that either
erodes from coasts or is carried into the sea by rivers

may be deposited elsewhere. It may form a beach or

other new land area. However, in places where the

water is moving in more than one direction, the

eroded material builds up into long, narrow ridges

called spits. Spits occur most often in bays at the

mouth of a river. \Zhen a spit cuts a bay off from
the ocean, it is called a berymouth bar. Tombolos are

spits that link an island to the mainland or connect

two islands. Spits and bars are common along

the east coast of the United States and the east coast

of England.

COBAI-jI Cobalt (Co) is a silver white metallic

element (see EI-F-ML,Nt'). George Brandt, a Swedish

chemist, discovered cobalt in 1737.

Cobalt got its name from the German word
Kobold, meaning "underground spirit." Cobalt is

found mainly in Canada and Australia. The metal

is usually found in compounds (substances con-

taining two or more elements) with sulfur
and arsenic.

Cobalt alloys (mixtures of metals) are used to

make parts for jet engines and for cutting tools.

Because cobalt has strong magnetic properties, its

alloys are also used to make magnets. Many cobalt

compounds are used as coloring matter, especially

in ceramics. Cobalt-60 is a strongly radioactive iso-

tope used in medicine for treating cancer (see R{DI-

A l'lON THERAPY; ITA.DIOACTIVITY).

Cobalt's atomic number is 27. Its relative atomic

mass is 58.94. Cobalt melts at 2,723"F 11,495"C)

and boils at 5,612"F [3,100"C].

COBRA The cobra is a poisonous snake that
belongs to the family Elapidae. There are several

species in Africa and southern Asia, though the

greater variety of cobras is found in Africa. All true

cobras lay eggs instead of giving birth to live young.

Cobras are often called hooded snakes. When
excited or disturbed, a cobra raises the front part of
its body and spreads some of its ribs. This flattens

the neck and makes it look as if the snake were

wearing a hood.

The Indian cobra grows to about 6 ft. [1 .8 m] in
length and ranges in color from yellowish brown to

dark brown. 'fhis cobra is sometimes called the

spectacled cobra because the marks on the back of
its hood look like a pair of eyeglasses.

COBRA

Cobras are the snakes most
often used by snake
charmers in Af rica and
southern Asia because they
look quite spectacular
when they rear up and
spread their necks to form
"hoods." They cannot hear
the snake charmer's music
because they have no ears.
They may sway back and
forth in time to the
movements of the snake
charmer and his pipe.

The spitting cobra of Africa sprays its venom
(poison) in an outward, jetlike stream toward the

eyes of its victim. The poison can be sprayed over a

distance of B ft. 12.4 m) and can cause extreme irri-
tation, blindness, or even death if the victim is nor

treated immediately.

The longest of all poisonous snakes, the king
cobra. lives in southeastern Asia. lt sometimes

grows to a length of 18 ft. [5.5 rn].'i7hen it raiscs

itself and spreads its hood, it is a spectacular sight.

The king cobra is mostly olive green and is believed

by some people to be trainable.

The king cobra feeds on other snakes, but rats

and other rodents are the main food of the other

cobras. They also eat fishes, birds, and frogs. The

cobras natural enemy is the mongoose.

See also MONGOOSET SNAKI.

400



COCAINE Cocaine is a powerful mind-altering

drug. In recent years, it has become popular with

many drug abusers. Its widespread use has caused

serious problems in many communities. Cocaine

production and selling arre linked with the rise of
certain kinds of violent crimes. For example, "terri-

161ixl 1vx15"-fights over the areas that cocaine sell-

ers believe they control-are common.

Cocaine is a white powder made from the leaves

of the coca plant, a flowering shrub that grows

throughout the Andes Mount:rins of South

America (see COCA PLANT) . Cocaine users gener-

allv inhale the powder through their noses. I'his is

called "snorting." Repeated snorting can cause

damage to the inside of the nose. Some users

inject cocaine mixed with water into their blood-

stream. Cocaine also can be changed chemically

to produce a very powerful and addictive form,

called "crack." Crack looks like small shavings of
soap. Crack's effects on the human body and

mind are like cocaine's effects, only more intense.

Also, because users smoke or inject crack, the

drug reaches the brain almost instantly. This
smoking is called "freebasing" by users of crack.

Crack became rnore widely used in the 1980s

because of the intensity of its effects and

because of its cheap price compared with that of
ordinary cocaine.

For centuries, coca leaves were chewed by the

Indians who lived at the higher elevations of Peru

and Bolivia. Chewing the leaves made them feel

less hungry and tired. The Incas, the Indians who

ruled the west coast of South Anerica before the

coming of the Spar-riards in the 1500s, believed the

coca plant was divine. Their legends said that the

plant was a special gift from the sun god's son. The

right to own and use coca leaves was closely con-

trolled by the Inca king.

In the 1800s, doctors began using cocaine, made

from coca leaves, as an anesthetic (substance that

causes loss of feeling), especially for eye surgeries.

Today, however, cocaine has largely been replaced by

other anesthetics. Nonmedical cocaine use became

illegal in the United States when Congress passed

the Harrison Narcotics Act in 1915. Drug abusers

CO

Cocaine and crack are powerlttl stimulants and

take effect quickly. Almost at once, they cause a risc

irr the user's blood pressure, body temperature, and

breathing and heart rates. Cocaine abusers often

feel energetic. 'fhey have a false sense of intettse

happiness and well-being while using the drug.

This period usually lasts about ten to thirty min-

utes. However, this "high" is quickly follor.ved by a

"down," or period of severe, prolonged deprcssion.

This depression is ofteu as intense , or ntore so, than

the high that went belore it.

Cocaine and crack users often fcel driven to take

ever-increasing amounts of the drugs to feel thc

highs they produce and to try to avoid thc downs

that follow. The user becomes addicted.
Sometimes, especially in the case of crack, thc user

can become addicted after the first time using the

drug (see Al)l)l(.'flON).

Some cocaine and crack users behave in utrpre-

dictable, violent, and paranoid ways. This behavior

is called cocaine psychosis. It can occur in anybodv

who uses cocaine or crack. It appears to bc most

common, however, in those who use crack. People

with cocaine psychosis become anxious and suspi-

cious of others to the point that they feel their lives

are in danger. It is not unusual for users to have I'ral-

lucinations, during which they hear atrd see things

that are not real.

Besides addiction and behavioral problems,

cocaine and crack can cause other n'redical prob-

lems. They carn produce convulsiotrs, heart and res-

piratory failure, and death-even after a single

dose. The risk of such problems increases as use rs

increase the amount and frequency of drug use. It'r

addition, users who share the hypodennic needles

and syringes with which they inject cocaine risk

catching serious diseases. These disenses ir-rclude

AIDS and the liver disease known as hepatitis (see

AIDS; HEPAI'ITIS). Cocaine users then run the risk of
passing these diseases on to their sexual partners or

to their unborn babies.

Cocaine and crack pose other darngers fbr prcg-

nant women. 
-l-hese drugs can cause miscarriages.

premature deliveries, and deliveries in rvhich the

baby is born dead. Babies who do live often have

physical and emotional problems, making themtoday buy cocaine illegally from drug dealers.
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sickly and bad tempered. Such "cocaine babies"

also run increased risks of convulsions and sudden

infant death syndrome (crib death). Nursing moth-
ers also can pass cocaine to their babies through
their milk.

Because the pure drug is so valuable, illegal deal-

ers dilute, or "cut," cocaine with other, cheaper

substances. These cutting substances increase the
risk involved in cocaine use. The users do not know
the purity of, or how much, cocaine they are taking
into their bodies. Also, some of the cutting sub-

stances can cause side effects. These side effects

include nervousness, abdominal cramps, body
aches, diarrhea, and even death.

Because of the intense and long-lasting cravings

that cocaine and crack produce, most users find it
impossible to stop using these drugs without help.
Tleatment usually begins with detoxification. The
user tries to stop using the drug and rid his or her
body of it. Detoxification is followed by some com-
bination of individual, group, and family therapy.

The addict tries to understand rhe causes of his or
her drug use and works to change to and live a

drug-free life.
Information on cocaine abuse and treatment is

available anywhere in the United States by looking
in the Yellow Pages under Drug Abuse and
Addiction Information and Tleatment. There are

many treatment centers and hotlines ready to help.

See also DRUG; STIMULANT.

COCA PLANT The coca plant is one of a group
of South American shrubs or small trees. It grows

as tall as 6.6 ft. [2 m] and produces small leaves 1

to 3 in. 12.5 to 7.5 cml long. Some Peruvian and
Bolivian Indians chew the leaves to help fight
hunger and fatigue. The leaves cause numbness of
the lips and mouth when chewed because they con-
tain several drugs, including cocaine. Cocaine also

is extracted from the leaves and sold, mostly ille-
gally to drug abusers (see cocAINE).

COCKATOO A cockatoo is a large bird that
belongs to the parrot family. It is found in the
forests of Australia, New Guinea, the Philippines,
and nearby islands. Cockatoos are usually light

colored, but a few are black. Long feathers form
crests on their heads and the crests can be raised

and lowered. Cockatoos often are kept as pets.

See also PARROT.

COCKLE A cockle is a saltwater animal that
belongs to the class Pelecypoda or Bivalvia of the
Mollusca phylum. It is a bivalve (see BIVALVE). Its
soft, fleshy body is enclosed by two hard shells

that are hinged together ro open like a book.
There are many different species and they live in
the sand on the bottom of the ocean, some-
times 3,200 ft. [1,000 m] below the sea surface.

They are, however, most common in shallow
coastal waters.

Cockles feed by straining little particles out of the
water that they suck into their shells. Some species

ofcockles are eaten by people.

See also MOLI.USCA.

COCKROACH The cockroach is any of more
than 4,000 species of insects making up the sub-

order Blattidae of the order Dictyoptera.
Cockroaches, often just called roaches, have flat-
tened bodies covered with hard but flexible casings.

Many are wingless, but others have four wings
folded flat on the back. They have two hairlike
antennae and long, strong legs covered with bristles
(see RNTENNAE). Cockroaches vary in appearance,

but the most common varieties are brown and 0.4
ro 1.2 in. [1 to 3 cm] long.

Most cockroaches live outdoors under rocks or

at'

j,.,1{

COCKROACH

This Australian cockroach, shown with her egg capsule, is
one of many wingless species.

402



logs, or in decaying bark or leaves. A few species,

however, have invaded houses, bakeries, shops, and

grocery stores, and eat almost anything. Their diets

consist of animal and vegetable matter, garbage,

and other insects. Cockroaches reproduce quickly
in moist, dark places. They avoid bright light and

usually search for food at night.

Generally, the female cockroach carries many

eggs in a purse-shaped, hard-walled capsule,

which she later hides in a damp, protected place.

Once the eggs hatch, the young force their
way out of the capsule. As the young cock-
roaches grow, they molt several times before

becoming adults (see vu'tnvoRPHOSls; MOLIING).

Cockroaches have been on Earth for millions of
years. Fossil remains from the Carboniferous
period have been found, indicating that cock-

roaches have changed very little in the past 300

million years.

COCONUT -Ihe coconut is the fruit of a tall

palm tree. It is cultivated on sandy soil ir-r tropical

areas throughout the world. Reaching a height of
100 ft. [30 m], this palm has large leaves, 16.5 ft.

[5 mJ long, growing at the top of the tree (see PAI-M

FAMII.Y). The coconut fruits grow in clusters among

the leaves. Each fruit takes about a year to mature,

and each tree can produce about one hundred
fruits each year.

The coconut fruit is a seed enclosed in a woody

shell that is in turn enclosed in a husk and rind.

The seed itself is B to 12 in. 120 to 30 cml long and

6 to 10 in. [1 5 ro 25 cm) in diameter. It is made of
sweet, white meat surrounded by a thin, brown

skin. The hollow center is filled with coconut milk.

Dried coconut meat is called copra. It can be

shredded for use in a variety of loods or processed

to produce an oil used for cooking and many

other purposes.

In addition to the fruit, the coconut tree has

other uses for humans. Its wood is used for build-
ings and furniture. The leaves and bark are used to

make roofs, mats, and baskets. The husk of the

fruit is used to make ropes and coconut matting.

The sap is used to make sugar and an alcoholic bev-

erage (drink).

COCONUT
Coconuts are often harvested by barefoot climbers. ln some
areas monkeys are trained to collect coc0nuts.

COCOON A cocoon is a silken covering for the

pupa or chrysalis of various insects. -I'he larva,

which is the second stage in the life cycle of these

insects, spins the cocoon just before it turns into

the pupa. The pupa is the third stage in the life

cycle and it eventually turns into the adult (see

INSECITi I.ARVA; MF.TAMORPHOSIS; I'UPA). Cocoons

are formed by the larvae or caterpillars of many

moths. Some butterfly caterpillars also spin

cocoons, and so do the larvae of bees, wasps, and

ichneumon flies. Scraps of soil and plant material

are often added to the cocoon to make it stronger

or to make it less obvious to enemies. \i7hen thc

adult insect is developed, it bursts out of its pupal

skin and then works its way out of the cocoon. Bees

and wasps bite through their cocoons. Moths have

no jaws, and many of them soften the cocoon silk

with a special liquid before forcing their way out.
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Adult spiders also spin silken cocoons in which
they wrap their eggs. \(/on-r-rs wrap their eggs in
cocoons as u,ell. but these are made lrom the
worms'skin and not from silk.

Ste nlso BUT] L.RI-LY ANI) ivloTll; CHRYSALIS; SII-K-

\flORM N,{OTH.

COD A cod is a saltwarer fish that belongs ro rhe

family Gadidae. 
-I'his family of several species is :r

verv important group of food fishes. Cod are

widelv distributed in deep, cold, northern waters.

Cod may reach 6 ft. [1.8 m] in length and 200 lb.

[91 kg] ir-r weight, but most specimens are no more

than about 3 fr. [1 ml long.

COD

The cod feeds on all kinds of sru .irutrres, rncluding
shrimps, prawns, and many smaller fishes.

COEIACANTH (se'la k.1nth') A coelacar.rrh is ar

large saltwater fish that belongs to the family
Coelacanthidae. The coelacanth was thought to be

extinct r.rnril 1938, rvhen ir fisherman caught one ir.r

his nets offthe coast of South Africa. Since then, a

felr' of the primitive flsh have been caught.
Biologists do not know how comnlon the coela-

canth is because it lives in deep waters where nets

cannot rcach. Many fossii coelacanths have been

found, showing that coelacanths were very numer-
ous in the sea about 250 million years ago.

See rtlso tXTtNCl'l()Ni FL)SSI1..

l,lrr:{'t, ti i;i t-l

COEIACANTH
Coelacanths have been urornd tor over:SO rilion yrur-nrt
were most common about 250 million years ago.

COELOM (se'lam) The coelom is the space in an

anirnal's body between the outer rissue and the
internal organs. It is also called the bodv cavitl'. In
some aninrals, such as worms, it is full of fluicl. ln
mammals, the coelom is separated into rwo parts

bv the diaphragm. fhe upper part, or chesr caviry,

contains the lungs and heart. The lower part, or
abdonrinal cavity, contains the digestive organs.

COFFEE Coffee is a drink made fiom tl're roasted

:rnd srouncl beans (seeds) of the coffee plant. 1'he

plant, which is :r shrr,rb belonging to the Rubiaceae

familv, has glossv green leaves and wl-rite flowers. The
shrub grows from 14 to 20 ft.14.3 ro 6.1 ml high,

but most coffee growers prune it to 12 ft. [3.7 m]. It
is cultivated in tropical clirnates in Asia, Africa, and

the Arneric:rs. It grows besr in upland :rreas.

Colfee plants are usually five years old before they

begin to bear a full crop of coflce berries. 'fhe avcr-

age plant bears enough berries each year to make

about 1.5 lb. [0.7 kgJ of roasted coflee. Each berry

contains tw,o seecls.

Colfee contains caffeine, a clrug that acts as a

stimulant (see STIiTtULANT). The drug expands

blood vessels so rhat more bloocl flou's to the heart

and brain. The result is that the coffee drinker feels

less sleepy and rnore alert. However, many people

COFFEE

The ripe, red berries are picked mainly by hand and are often
dried in the sun before the beans are taken out.
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find that drinking coffee makes them feel nervous

and causes them to have difficulty falling asleep

when they want to. Many people drink decaf-

feinated coffee instead. fhis coffee has had its caf-

feine removed by chemical means.

COHESION Cohesion is the force that holds

the molecules of a substance together. This force

determines whether a substance is a solid, a liquid,
or a gas. If the cohesion is strong, the molecules are

tightly bound in place. The substance is then a

solid. If the cohesion is very strong, the solid is
hard. The cohesion is stronger in solids than in liq-
uids. In gases, the cohesion is even less. For exam-

ple, ice has a strong cohesive force and does not
change shape easilv. tVater has a weaker cohesive

force than ice. Its shape depends on the shape of its

container. Steam has very little cohesion. It expands

to fill its container. This shows that cohesion

decreases as the temperature of a substance

i ncreases.

See a/so \'lOLL.CULF..

COKE Coke is a solid grav substance formed
r,vhen coal is heated in an airtight oven, in a process

called destructive distillation. The material that is

volatile, or easily evaporated, is removed, leaving

pores (little holes) in the coke (see I)ts't'tLLATION;

L\APORATIOx). Coke contains 87 to B9 percent car-

bon. Most coke produced is used for industrial pur-

poses. Some of it is used to melt iron ore in a

process called smelting. A small amount of coke is

used as fuel.

See also (.OAL; CC)AI. (;AS; IRON; SMF.Iil-lNG.

COLD-BLOODED ANIMAL Animals
whose body temperatures change according to their

surroundings are called cold-blooded animals.

Another term for them is ectothermic animals. The

body temperatlrre of a cold-blooded animal is

nearly the same as the air around it. Cold-blooded

animals, therefore, cannot survive in temperatures

below freezing, for they would freeze. Cold-
blooded animals that live in areas with cold winters

r-rsually hibernate in places thart do not freeze, such

as deep burrows or at the botton of deep lakes (see

CO

HIIL,RNATION). On hot, sunny days, cold-blooded

animals must stay in the shade to prevent becom-

ing too hot. Animals that live in deserts usr"rally

come olrt only at night. If the animals are too cold,

they cannot move properly or find food, so on mild
days, cold-blooded animals will "sun" themselves to

raise their body temperature. Ti-rrtles are often seen

sunning themselves on a rock in a pond.

See also wARM-BLooDEt) ANIMAL.

COLD, COMMON The common cold is the

most widespread of all human diseases. It affects

most people at some time in their lives. Many peo-

ple suffer from colds several times a year, while oth-

ers may "catch a cold" only once in several years. A
cold is a viral infection of the upper respiratory

tract, which includes the nose, sinuses, throat, and

bronchial tubes. Since colds are caused by many

different viruses, the body does not develop immu-

nity to all of them, and it is possible to have a num-

ber of colds in a short period of time. Antibiotics
do not kill viruses, and so do not cure colds (see

AN'I'IB1OTIC; IMMUNI I'Y; VIRUS).

The symptoms of a common cold vary from mild
to moderate. These symptoms are the familiar
sneezing and "runny" or "stuf'ft" nose and some-

times a cough or mild sore throat. Usually, if fever

is present, it is mild. The mucous membranes in
the throat and nose become swollen. C)ften, the

bronchial tubes become inflamed. A person with
asthma may have more symptoms from his or her

asthma during a cold (see Rst'uva). A cold may last

from twenty-four hou.rs to two weeks or so.

A cold can be "caught" only from another person

with a cold. When a person with a cold coughs or

sneezes, he or she releases fine droplets that carry

viruses into the air. 
-I'hese 

viruses may be inhaled by

another person in the area and cause him or her to

becon-re infected.

There is no treatn-rent for a cold virus, only for
the symptoms. Aspirin or acetaminophen can help

relieve body aches. Nasal sprays or decongestants

taken by mouth can reduce the swelling of the

mucous membranes, making it easier to breathe.

There are many medications sold to treat the

various other symptoms of a cold. At present, the
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best way to treat a cold is to rest, drink plenry of flu-
ids (such as water or fruit juice), and take aspirin or
acetaminophen as directed for mild fever or aches.

Aspirin is not recommended for children, however,

because there is a chance of getting a more serious

illness called Reyet syndrome when aspirin is used

during inlecrion by certain viruses.

One of the ma.jor dangers of the common cold is

that it weakens the body's defenses against other
diseases. For example, an ear infection or pneumo-
nia caused by bacteria may occur after a cold. A
bacterial infection will usually require an antibiotic
for treatment (see BACTERIA; INFECTION).

There have been several vaccines developed
against the common cold, but none has been effec-

tive (see vACcIINATI(IN). Dr. Linus Pauling pro-
posed that the use of vitamin C may be useful in
preventing or treating a cold. His work has aroused

much controversy (see PAULING, LINUS).

See also VITAMIN.

COLD FRONT A cold front is the surface

along which a cold air mass meets a warm air
mass (see AtR N4ASS; FRON'I'). Cold air is heavier

and moves faster than warm air. The advancing

cold air overtakes the warm air. The cold air then
moves under the warm air, pushing the warm air
upward. A steep slope of air masses is formed.

The upward movement of warm air produces

thick, billowy forms called cumulus clouds (see

CLOUD). Cumulus clouds sometimes develop into
cumulonimbus clouds, or thunderheads (see

THUNDERSTORM). Thunderheads cause the heavy

precipitation that is usually associated with the

passing of a cold front.
As cold fronts move across the United States, they

usually move in a southeastward direction.
See A/so POLAR FRON].; \(/ARM FRONT; \flEATHER.

COLD FUSION Cold fusion is an experimen-

tal process in which the nuclei of hydrogen atoms

join together (fuse) at comparatively low tempera-

tures to form helium nuclei. High-temperature
fusion powers the sun and stars and hydrogen-
bomb explosions. Enormous amounts of light and

heat are produced as fast-moving hydrogen nuclei

smash into each other at temperatures of millions
of degrees, and at pressures billions of times greater

than the pressure of the earth's atmosphere.
Scientists and engineers are trying to produce
energy by a similar, controlled process, also requir-

ing temperatures of millions of degrees. If low-tem-

perature fusion could be achieved, it would be

much cheaper and simpler.

Some scientists have claimed to produce cold
fusion by chemical reactions in test tubes at labora-

**\t'.\----..
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COLD FRONT

A cold front occurs when a

mass of cold air pushes
under a mass of warmer air.
As the warm air rises, its
moisture condenses into
clouds and falls as rain.
Therefore, cold fronts are
associated with unstable
conditions and wet
weather.
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tory temper-atures. They have observed subatomic

particles, called neutrons> being produced by the

reaction, which is normally a sigr-r that fusion has

occurred. But other scientists have not been able to

repeat their result. Very few scientists in general

believe that hydrogcn-helium fusion is the reason

for the irppearancc o[ neutrons.

In a more promising rype of cold-fusion process, a

special kind of hydrogen atom is used instead of
hydrogen nuclei. In this atonl, a particle called a

muon replaces the single electron lound in each nor-

mal hydrogen atom. 'l'he rnuonic atom is smaller

than an ordinary hydrogen atorn. This sn'raller size

reduces the temperature needed to bring the nuclei

close together. This process is still only experimental.

See a/soAl'OM; FUSION; NU(lLhAR ENF,RC;Y; NUCLL,AR

\(/[,APONS.

COLLAGEN (kol'a jan) Collagen is the most

common protein in the human body (see lno-
'l'EtN). It is a tough, fibrous material found in bone,

tendons, ligan-rents, cartilage, skin, and the dentin

of teeth. Collagen fibers are made in the body by

cells called fi broblasts.

The fibers form strands, something like pieces of
rope, that are woven together in various welys to

give strength and support to the dilferent kinds of
connective tissue (see CoNNF,(ITIVE IISSUL) . The

body requires vitamin C for the production of col-

lagen (see vtrANltN).

The leather obtainecl lrom animal hides is tightly
packed collagen. If collagen is boiled, it dissolves

and forms gelatin. Collagcn is widely used in the

cosmetics ir"rdustry. lt is an ingredient in sonre

shampoos, skin creams, and makeups. Manu-
facturers hope to convince the public that the

application of collagen to hair and skin will make

the hair stronger and the skin softer. This use has

not yet been scientifically proven.

COLLENCHYMA (ka lEng'ka ma) Collen-
chyma is a plant tissue whose cellwalls are thickened

with cellulose. These cells can lengthen to allow for

growth of the plant. Collenchyma gives the plant

strength and is usually found in young stems and

leaves. It is the major sollrce of support for herba-

COL

ceous plants (plants with soft, green stems). In
woody plants, the collenchyma is crushed as the

woody tissue begins to form, and the cells

gradually die.

See also ClELl.UI.OSF..

COLLOID (k6l'oid') A colloid is made up of
tiny particles of one substance dispersed (spread

evenly) in anothe r substance. The particles are large

single molecules or large groups of smaller mole-

cules. The particles are extremely small, ranging in

diameter from about 3 millimicrons ( I millimicron

= 1 billionth of a meter) to about 4,000 millimi-
crons. All living things contain colloids (see

MOLEC]UI,F,).

Colloids can be made up of any combination of
solids, liquids, and gases except gases combined

with gases. A sol is a colloid of solid particles dis-

persed in a liquid. If the particles are dispersed in

water, the colloid is called a hydrosol. Many solid-

liquid colloids look like jelly. They are called gels.

A colloid of liquid particles or droplets dispersed in

another liquid is an emulsion. A dispersion of gas

in a liquid is a foam. A colloid of solid or liqr-rid par-

ticles in a gas is an aerosol. A colloid of a gas in a

solid is ar solid foam, such as foam rubber. Colloids

of solid particles dispersed in solids can be made,

such as ruby glass. Ruby glass consists of gold par-

ticles dispersed in glass (see [,NlLjl.SION; SUSPL,N-SIc)N).

Colloids can be made by grinding or churning

materials together until the tiny colloidal particles

form. Some colloids are made by chemical reac-

tions. Colloids can also be made by striking an elec-

tric arc between materials in a liquid.
A colloid may look like a solution. However, a

beam of light shone through the liquid reveals the

particles. This effect is not seen in a solution (see

SOLUTION AND SOLUBILITY).

Colloids can be broken down into three main

groups, according to their chemical behavior.

Lyophobic, or "solvent-hating," colloids are not
very stable (able to stay dispersed). Some remain

stable only because of electric charges on the parti-

cles. The particles repel one another, therefore

remaining dispersed.

Lyophilic, or "solvent-loving," colloids are more
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stable. Lyophilic colloids are found in animal and

plant fluids.
The molecr-rles of association colloids have a

hydrocarbon ch:rin (see HYDRTICARBON). This
chain has a hydrophilic (water-loving) "head"

group with a hydrophobic (water-hating) "tail"

group. Such molecules form clusters called
micelles. The micelles keep the head groups in con-

tact with water. They also protect the tails from
water within the micclle. Detergents and soaps are

common examples of association colloids.
Most fluids in living things are colloids. Many

products are colloids during manufacture, such as

ceramics, cosmetics, foods, paints, papers, pesri-

cides, and plastics.

COLOBUS't-he colobus monkey is a thumbless

African monkey that lives in the tops of tall trees in

tropical forests. It may grow as tall as 22 to 24 in.
[55 to 60 cm] and has a tail that may be 34 in.
[85 cm] long. T-here are several species, some red

ancl some black ancl white. Thc guerez.a, or
Abyssinian, colobus monkey is black with long,
white fur around the face and on the tail. Colobus

nonkeys are plant eaters and have a stomach with
several compartments, similar to that of ruminanrs
(see nuvrxex'l).
See a/so NIoNKF.\'.

COLONIZATION Colonization is the grad-

ual invasion, or taking over, of new areas or habi-
tats by plants and animals. The island of Krakatoa

was almost destroyed by a huge volcanic explosion

in 1883. \When people landed on the remains of
the island two months later, they found that the

ash covering it was still very hot. The island was

declared lifeless, but after another nine months
life began to return. Within 25 yeats the whole
island was once again covered with plants.

A brand new island, called Surtsey, was formed
by a volcanic eruption off the coast of Iceland in
1963. The island was lifeless at first, but birds
soon started to roost on the barren rocks. Their
droppings provided fertile spots in which plants

could take root. Within four years plants had col-
onized much of the area along the coast. Their
seeds could have floated across from the main-
land, or they could have been blown by the wind
or carried by birds.

If you have a garden, you can watch the process

of colonization there. lf you dig an area and leave it
alone, it will soon be colonized by weeds that grow
from seeds blown in bv the wind or dropped by

animals. As the plants get established, insects and

other animals move in to feed on them. Only those

species that find conditions to their liking will stay

and grow well.

COLOBUS

A newborn guereza
colobus monkey has white,
curly fur. The coat begins
to change to the straight
black and white fur that is
characteristic of adults
when the monkey is five to
ten months old.
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CoroR
Color is an aspect of light that allows humans and Any two or more colors of light can be combined
some animals to tell the difference between objects to form another color of light. All colors of light
that are otherwise identical. The things we see all mixed together make white light. This method of
reflect certain wavelengths of light (see LIGHT). mixing colors is called the additive method.

Eyes that have color vision contain structures that Red, green, and blue are commonly called the
"see" different wavelengths of light as being differ- primary colors of light for additive mixing. To

ent colors. demonstrate additive color mixing, one could put a

The light from the sun is commonly called white red slide, a green slide, and a blue slide in three sep-

light. It is n-rade up of allwavelengths or, as we see arate slide projectors. The next step would be to
them, many colors put together. To show this, we project the colors on a white surface and move

can use a prism to break white light down into its them around so that the colors overlap slightlv.
spectrum of various colors. These are the colors we When red and blue overlap, a color called magenta

see in a rainbow. These same colors can be com- results. When blue and green overlap, a color called

bined, using a second prism, back into white light cyan is seen. \7hen red and green overlap, vellow
(see I'RIS\,{; SPEC'I RUM). results. Color television depends on the principle of

When light reaches an object, some wavelengths additive color mixture. Any color can be made by

are reflected (bounced back) and some are absorbed mixing light of the three primary colors in the right
(taken in). The wavelengths that are reflected make amounts.

up the color we see. If the skin of an apple reflects \When colors in pigments such as paints and dyes

"red" wavelengths and absorbs all others, arc mixcd together, they com-

we see the skin as being red. A white mrwrrrr bine diffe . rs

;irffil::::,:ffiffiI,i::,',1'"ii"' ^ ryffi ;kl@ li1:ffi*: :r*t
rhe lishr (see ABsL)ttPTItrN \\fi It rivelv. In additive rnixirrs. nrorc

III-E5-r 

-ln MW . e I p.*f1T:i"txr:f,rnsonrrroN). IIf kMWk lI light is reflected as more colors

il* l*:i' ins. more lisht is absorbed as

i- +, *., * -' *:m fi l. i;i:iliiif'kl"frl:

+g:9ffik+ljll*"ing'morelightisabsorbedas.):Yff*=;. 
l@ll il*1ft:il;Hl*1ffi;

i i I , l t ".l l; I prlmarles. WltntneSuDtractlve

-," i .,.' .,^, i,...,,-.-1 , - i ,-l lil I ;.thocl, the three common pri-
- :^- ?. :i ir * - ** lm maries are nragenra, yellow :rndSGIIIII'---

i", iN ff,

WryTKMI[*

primaries. \)flith the subtractive

cyan (blue green). For the painting,
magenta and yellow could be nrixed

of an orange. Yellow and cyan could
be mixed to get a green for grapes. For the

black in the bowl, all three primarl'colors
could be mixed together. As with the addi-

tive method, many other colors can be

F i"ry f' !i. *ii ii ip ' ro paint reddish shades, or the color

ln additive color mixing (top),
primary colors combine to
give white. ln subtractive
mixing (bottom), primary
colors combine to give black
Paint samples (right) show a

vast range of colors.

:tffil
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COLOR

made by mixing the primaries in different
amounts.

Two or more colors are said to be complementary

to each other when they mix additively to form
white or subtractively to form black. Green and

magenta are complementary colors, and so are yel-

low and blue.

Several different systems of classif ing colors have

been developed. Color experts can describe a color

using three terms: hue, saturation, and brightness.

Hue is the basic name for 1hs 6els1-for example,

red or blue. Saturation is the amount of hue in the

color. "Fire-engine red" is highly saturated, but
pink is not. Brightness tells us how light or dark the

color is (see cclt.c-lRlME'I'RY).

Using these terms, colors can be accurately
described. In the United States, the National
Bureau of Standards and the Inter-Society Color
Council have devised a system for naming colors.

They have named and standardized 270 different

colors. These standardized colors are used in the

textile industry, in the making of cosmetics, and in
the standardization of house paints.

In nature, color is important for certain living
things. It plays a role in the courtship behavior of
many kinds of birds and fish. The coloration of

COLORED PAINTS

An artist generally uses just a few basic colors to mix allthe
colors he or she needs.

certain young animals enables them to blend in
with natural settings, thus becoming almost hidden

fronr their enemies (see CAMOUFI.A(IL.). A blossom

of a plant may attract certain bees or butte rflies that

will land on it. Then they will carry pollen to

another flower for pollination and fertilization.

Some people have defcctive vision that prevents

them from seeing certain colors (see cclLon BI.IND-

NESS). Many animals cannot see color at all. Dogs,

cats, horses, hogs, and many other animals live in a

world of grays.

See AIso EYE AND VISION.

PRISMS

A prism splits white light
into its spectrum of colors
(top tett). A second prism
can combine the colors
back into white light. lf a

colored filter is used to
select a particular color in

the spectrum produced by
the first prism (bottom left),
a second prism does not
affect the selected color.

PROIECT 44,52
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COLORADO POTATO BEETLE rhe
Colorado potato beetle eats the leaves of potato
plants. This beetle is also called the potato bug. It
is about 0.5 in. [13 mm] long, with hard, yellow-
and-black striped wing covers. The female lays

clusters ofeggs on potato leaves and these eggs pro-
duce pink larvae, which feed on the leaves for about

three weeks. 'I'hey then drop to the ground, bury
themselves, and spend the next ten days developing

into adults (see LARVA; METAMoRPHOSTS). The
insect can produce two or three broods or genera-

tions in a year. f'he adult beetles pass the winter
buried in the soil.

Native to Mexico and the southwestern United
States, the Colorado potato beetle was quite harm-
Icss until potaroes bccame an important crop in
North America in the nineteenth century. Then it
started to attack the potato crops and it spread

rapidly, reaching the Atlantic coast 6y I875.
Farmers usually control the beetle with insecticides.

See a/so BEETLE.

COLORADO POTATO
BEETLE

This colorful beetle belongs
to a group called leaf
beetles. There are
thousands of different
beetles in this group and
most of them feed on
leaves. Many are serious
crop pests.

COLOR BLINDNESS Color blindness,
sometimes called Daltonism, is the lack of ability to
tell colors apart. A person who is totally color-blind
is said to have achromatic vision. Such a person sees

the world only in shades of gray, white, and black,

similar to a black-and-white photograph.
Complete color blindness is very rare in humans
(less than 1 in 30,000). Most mammals and many

other animals are completely color-blind, but this

condition is normal for their eyes.

Most people who are color-blind see only two
main colors. They confuse all others. These people

have dichromatic vision. For example, a person

with dichromatic vision can usually see a difference

between yellow and blue. The person may, how-
ever, confuse red with green. The person may also

confuse some reds or greens with some yellows.

Many people do not know that they are color-
blind. They have been raised and taught, for
instance, to call a certain shade "red." They do not
realize that they see this "red" differently than most

people do. A person who is color-blind may be

unaware of the condition and may easily place him-
self or herself in danger. For example, if the person

confuses red and green, he or she may have a diffi-
cult time telling the colors of traffic signals apart.

People can be tested for color blindness. Both the

Hardy-Rand-Ritter and Ishihara tests reveal the

type and degree of coior blindness. In these tests,

colored squares, triangles, and other shapes lie
within a heap of dots. These dots differ in color and

brightness. A person tries to identi$. the colored

shapes. His or her ability to do this determines his

or her ability to see colors. The Holmgren test and

Farnsworth Munsell 100 hue tests are used to test

the ability of a person to match colors.

Color blir-rdness can develop as a result of eye

infection or eye damage. Usually color blindness is

an inherited trait affecting the cones, which are the

ACTTYITY Testing for color blindness

O to"1 .to '

.;#.lli'i1ilii,
i*;;i :ii:i;:];ili'ii"ii:i:'..'iil"

"::, l.'' .jt:. "
Look at the above chart. Depending 0n y0ur ability to
see reds and greens, you will see either a cup or a

teapot.
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cells on the retina at the batck of the eye that are sen-

sitive to color (see EYF. Ar'-l) vlsloN).
The most common type of color blindness is a

sex-linked (transmitted by genes located in the sex

chromosomes) recessive (not dominant) trait. For

example, a man who is color-blind and a woman

with normal vision will have children with normal

vision. The trait of color blindness is carried in the

genes of the daughters of this cor.rple (see clF{RO-

MOSOML,; HEREDITY). These daughters can pass on

the trait of color blindness to their own children. If
a man who is color-blind has children with a

woman whose father is color-blind, probably half

of their children will be color-blind.

Almost five out of every one hundred men are

color-blind, while only about one out of every two

hundred women has this trait. fhere is no cure for

color blindness to date.

See a/so ctoloR; DAI:foN, JoHN.

COLORIMETRY (kil'a rim'i tr€) Colorimetry
is the measurement of colors. Colors are distin-
guished by three characteristics; brightness, hue,

and saturation (see clol.OR). Since colors appear dif-
ferent to different people, even in the same light,

color standards have been created. A color standard

is the average jr-rdgn-rent of many people on a cer-

tain color value. A color atlas contains a full range

of color standards.

A colorimeter is a device that matches an

unknown color with one that is made by mixing

colored light, dyes, or coloring materiarls called pig-

ments. In additive colorimeters, lights of primary

colors are mixed in various amounts to make the

final matching color. In subtractive colorimeters,

color filters are used to subtract (remove) colors.

Since the human eye is not the most reliable

color detector, it is often replaced in colorimetry
by a photoelectric cell. This is an electronic device

that produces an electric current or allows a cur-

rent to flow when light shines on it (see PHO'l-o-

ELLCTRIC EFFL,cT). A photoelectric cell always

gives the same reading for a particular color.

Another colorimetric device is the spectropho-

tometer. lt can be used to analyze a color that can-

not be seen by the human eye.

See a/so sPEC:rRUN,t.

COMA A coma is a state of total loss of con-

sciousness from which a patient cannot be aroused.

The word comd comes from a Greek word meaning
"deep sleep." A coma may result from a head inj ury,

poisoning, drug overdose, or certain disorders (see

DIAIETLS). A person in a coma may have suffered

some degree of brain damage, but more frequently,

a coma is not permanent, and the person will
awaken after treatment. A person in a coma should

be kept warm and quiet until medical help arrivcs.

Ls l"di14.f-
I
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COLORIMETRY

Colorimetry is used in the
textile industry to analyze
the colors of fabrics and to
study how they change
when fabrics are washed or
subjected to bright light.
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Currently, the only wav to treat coma is to treat the

cause (for example, to give an antidote in the case

ofpoisoning). Intensive-care measures are also used

to make sure that the patient is breathing, that the

blood is circulating well, and that he or she is
receiving enough nutrition to support life while
recovering. A coma may last from several seconds

to many years.

COMBUSTION Combustion, or burning, is a

chemical reaction that gives off light and heat. lt
can occur anytime there is rapid union of oxygen

with other substances. When oxygen is plentiful
during combustion, carbon dioxide is produced.

When oxygen is scarce during burning, carbon
monoxide is produced (see CARBON DIOXIDE; CAR-

BON MONoXIDE). Oxygen, fuel, and heat are needed

for combustion to continue. When any one of these

is removed, the burning stops. People often think of
combustion only in connection with oxygen-type

fires, but combustion actually includes many other
chemical reactions. For example, combustion
occurs in the burning of any substance in chlorine,
or when chlorine burns in hydrogen gas.

The ignition temperature is the lowest tempera-

ture at which a substance burns. 'l-he temperature

of combustion is the highest temperature reached

during combustion. The heat of combustion is the

total amount of heat given off when a substance

burns. It is measured in calories or joules (see Cet-c-t-

RIE;JoULE).

Spontaneous combustion occurs when sub-
stances begin to burn without having been ignited
by a match or some other burning object. Piles of
oil-soaked rags or coal containing moisture some-

times begin to burn without having been ignited.
The combustion, in this case, is caused by the rapid
union of oxygen with hydrogen or carbon in the oil
or coal. The rapid reaction raises the temperature

above the kindling point, and the substances

begin to burn.
See also rtRr,.

coMER, JAMES
James Pierpont Comer
cator and psychiatrist.

PIERPONT (re34- )

is an African-American edu-

A psychiatrist is a medical

COM

doctor who specializes in the treatment of mental

disorders (see I'SYCHIATRY) . Comer wrote several

books on educating students in schools located in
the inner ciry. The inner city is usuallv the older

area of a large city. Many poor people often live in
the inner city. Comer was born in East Chicago,

Indiana, and attended medical school at Howard
University in \X/ashington, D.C. He received his

medical degree in 1960. Comer then attended the

University of Michigan, where he received a mas-

ter's degree in public health in 1964. After working
at the National Institute for Mental Health in
\Washington, D.C., he joined the child study cen-

ter at Yale University in Connecticut.
At Yale, Comer developed an approach to educa-

tion that stresses teacher support ol students.
Coner's approach also says schools should pav

attention to a student's social and psychological

needs as well as to his or her educational ones. This
approach, which Comer calls the school develop-

ment program, has been successful in schools in
several states, including the public schools in New
Haven, Connecticut. In 1990, the Rockefeller
Foundation donated $15 million to efforts to use

Corner's rnethods in schools around the United
States. The Rockefeller Foundation is an organiza-

tion that donates money to help solve world
problems.

Some of Comer's most famous books inclr-rde

Beyond Blacl< dnd White, Black Child Care, School

Power, and Magie's Americdn Dream.

COMET A comet is a heavenly body that is a
member of the solar system and has a distinct cen-

ter and often a long, bright "tail."'fhe center of tl-re

comet is probably made of dust, frozen gases, and

ice. \$7hen the comet approaches the sun, the gases

vaporize to form a cloud, called a coma, around the

center (see vapon). 'fhe sur-rlight reflecting on the

coma makes the comet visible.

As the comet moves closer to the sun. the smaller

gas molecules and dust particles may be forced

away from the coma, forming the tail of the comet.

A comet may have two tails, one made of gas mol-
ecules and one made of dust particles. These tails

always point away from the sun. C)n rare occ;.rsions,

,il 
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COMET

This photograph of Comet Kohoutek was taken on January
11,1974.

however, it might look as though one of these tails

is pointing towarcl the sun. 
-I'his "tail" is called an

anti-tail. fhis illusion occurs when the earth and

comet are aiigned in a particular wary. The tails of
some comets are too short to be seen. Others are

many millions of miles long. As comets disinte-
grate, thev leave behind a trail o[debris. \When the

earth passes through such a trail, meteor showers

are observed (see MhTEOR).

Most comets lollorv an elliptical (oval-shaped)

path around the sun. The time it takes a comet to
make a complete orbit is called its period. Some

COMMENSALISM

Small pilot fish often swlnr ctose to sharks. lt was
once thought that they helped to guide the sharks
in some way, but they are probably just saving
energy by "hitching rides" in the layer of water
that moves forward with any large fish. They may
also get scraps of food dropped by the sharks.

comets have periods of only a few years, while oth-
ers have periods ofthousands ofyears.

Comets develop tails and become bright only if
they approach the sun. Astronomers believe there

are millions of unseen comets circling the sun far

beyond Pluto, the most distant planet. Sometimes

cornets are disturbed by passing stars, and may

plunge into the inner solar svstem, circle around

the sun, and travel out again. We see these comets

just once, on the inner part oI this jolrrney.
Otl-rer comets make regular appearances in
our sky. The most famous is Halle;,'s Comet,
which has a period of approximately 76 years (see

HALLF,Y'S COIVET). Halley's Comet was last seen in

I 986, and will be seen again in 2061 . In late 1973,

Comet Kohoutek became the first comet to be

studied by astronauts in space, as part of the
Skvlab program of the United States.

See also SOLAR SYSTEM: SPACE FXPLOR{TION.

COMMENSALISM (ka rnEn'sa liz'am) Com-
mensalism is a type of relationship between organ-

isms of two diFferent species. One partner is helped

by the relationship, and the other is not affected.

Birds living in trees show a form of commensalism.

The tree protects the bird that nests in its branches,

but the tree is not hurt. Another type of commen-

salism is found between the remora and the shark.

The remora is a small fish that clinss to a shark and

eats small pieces of food that the shark drops.

See also PARA-Sl-fE; SYMBIOSIS.
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ConnMUNAL AITTNIALS

Murt animals lead solitary lives and, except dur-
ing the brccding season, the individuals have little
contact with each other. A swarm of flies may
gather on garbage, and a cloud of butterflies may

descend on a patch of nectar-rich flowers, but each

insect is seeking to satisfu its own needs and takes

little notice of the others.

There are, however, quite a lot of animal species

that regularlv live together in some kind of social

colony. These species are called conmunal animals
or social aninrals. The individuals usually cooperate

with each other to some extent, although this does

not always happen. Fish schools, for example, keep

together, but they have no leader and the individ-
Lral fish can act irrdependently. The advantage of
keeping in a school is that it is less easy for a preda-

tor to pick out one fish and eat it-so there is safety

in numbers. Huge groups of seabirds can be found
on some cliffi; during the breeding season, but the
birds clo not cooperate. They simply comc together
because thev all need the cliffs for nesting.

Herds of bison and antelopes are rather loose

groups with no obvious leaders or organization.
The animals do not really cooperare with each

other. Most colonies of mammals, however, are

much more highly organized, with leaders who

decide when and where the group will go and when
the animals will feed or rest. Many of these colonies

are really just large families. A beaver colony, for
example, usually consists of a father and mother
and their offspring, and all the members help with
the work of building and repairing the nest and the

dam (see BEAVER). As the youngsrers grow up, they
gradually move away from the family and start their
own colonies.

Lion prides are sn-rall colonies, usually consisring

of a number of females (lionesses) and their cubs,

together with one or two adult males. The lionesses

are often sisters and they help each other to bring
up the cubs. The males guard the pride and defend
the hunting territory. 'fhe females do most of the

hunting, but the males are the rulers of the pride
and they are the first to feed.

Monkeys and apes live in well-organized
colonies. Each colony is usually ruled and pro-
tected by a big, strong male, and all the other indi-
viduals have their own places on the social scale.

MONKEYTROOPS

Chacma baboons are large African monkeys that live in
troops containing as many as one hundred individuals. Each
troop is dominated by a few large males. There is a well-
established order within the tr00p, and because each
individual knows its place, there is rarely any fighting.
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COMMUNAL ANIMALS

I'he animals quickly learn their places and alwavs

yield to those higher up on the scale, so there is
rarely irny fighting within rhe colont'and they' all

live peacefullv together. As a rule only the dominant
males get to mate with the fcmales. This is good for
the colonl'because it means that the most porverful

leaders pass on their qualities to the offspring and

ensure good leaders fbr the next generation.

Mo-st colonies of mammals stay in a particular
area, although they do not necessarily have fixed

homes within the area. Hunting colonies usuzrliy

defend their areas against other colonies of the

same species. The defended areas are called territo-
ries. Grazing animals oFten have overlapping areas,

which are not defended against neighboring
colonies. These areas are called home ranges.

'fhe most complex colonies are lound among the

social insecl5-1hs ants and termites, and many
bees and wasps. Many of these live in huge colonies,

LION PRIDES

The female lions in a pride
are usually related to each
other and there are strong
bonds between them. They
spend a lot of time
grooming each other and
they all help with the
rearing of the cubs.

some of them with over a nrillion individuals all

working together fbr the good of the colony. Eggs are

laic'l by one or a feu, lemales called queens, and most

of the colony consists of rvorkers. Each rvorker mav

have its own job, and some colonies produce diflbr-
ent kinds of r.vorkers for diffbrent jobs. Son're ants

and tert-nites, for example, have extra-large workers

called soldiers thar defend the colonies. Some work-
ers take care olthe nest or look after the voung, while

others go out to collect food. \Workers may change

jobs as they grorv up. Honey bees, for example,

spend several rveeks working inside the nest before

thev are able to go out to collecr pollerr ,rnd ucctar

(see aNr; LrEEi TERN,In'E).

ELEPHANT HERDS

African elephants live in herds of u[to fifty animals. Eactr
herd is led by an adultfemale, and allthe females in a herd
help each other t0 rear their babies. Adult males usually live
alone or in small "bachelor herds."
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Communication is the exchange of information.
Many organisrns htrve devcloped some nteans of
communication. For examplc, one-celled organ-

isrrs such as the amelra move awav from bright
light. A simple response such as ti'rat is the most

primitive type of communication: receiving infor-

mation. Most members of the animal kingdom are

ablc to communicate r'vith one another by means of
the senses (see sFNSF-). For exan-rple, fish can signal

mates by releasing special cl'remicals called

phcromones (see l'HIrl{ON{oNE). Bees perform com-

plex clances to attract mates and to show r'vhere

fbod can be for-rnd. Dogs bark to scelre awav an

cnemy. Skunks release a bacl-smelling liquid to

repcl an enenry.

Even plants have means of conmunication. For

example, if one leaf of a mimosa plant is touched,

all the leaves fblcl r-rp.

Thcre are two basic tirpes of communication.
Internal communication is :rn organism's commttni-

cating with itself, such as the amcba or the nrimosa

plant. L,xternal communication is an organism's

communicating rvith one or more other ol'grrnisms.

SENSITIVE PIANTS

Minosa pudicais called the sensitive plant. lf a leaf is
touched lightly, its leaflets fold up. lf the disturbance
continues, signals are sent t0 the rest of the plant, causing
allthe leaves to collapse.

ConnMUNICATIoN

External communication may be either personal or

mass commttnicatiotr. In personal contmutticlttiol.t,

an org:rnisn'r shares information with another orgalt-

isrn. In mass conlmuuicatiort, ()ttc or scvcral orglttt-

isms sl'rare information rvith many others.

Internal communication Internal contttt-ttticr.t-

tior-r occlrrs wher.r a messagc, or stimulus, is received

by an organism and is relayed to another part ttl
that organism to cilusc a t'cactiotr. ot' rcsponse. For

exarlrple, the stirlulus ol clarkness crluses solttc

flowers to react by closing up. I'he eirrlier cxan'rple

of the mimosir plant shows a response to tl-re stim-

ulr-rs ol touch (see \1()\'F.\lL.N I oF I)1.'\N I S).

If a person touches u hot stove, l"re or she qtricklv

moves his or her hand awav. The stimulus olheat
was received b1. the hand ancl processed bt' the

brain. The brain "tells" the person to movc his or

her hancl (see RF-.l't.F.x).

Some machines arc also ablc to cotrlttLtltici.ltc

rvith themselves. For example, furnaces and air-

conditioning systems shut themselves ollrvhen tl"re

room reaches a certain temPerature (see .i'HF.RNI()-

s'tAT) . In an irirplane, the autotnatic pilot cornpares

the airplane's actual coursc lvith its planned coLlrsc,

and, if necessary, adjusts dircction.

External communication In external comurunica-

ticln, an organism shares informatiott r'vith another

organism in one or more ways, all of wl'rich involve

thc senses. The media (means) involvecl mav be

gestures, vocal sounds, signals, picturcs, ctr lvords.

Gestures and vocal sounds are used by m.rrtv ani-

mals, but the use of signals, pictures, and rvorcls

seems limited to human beings.

Gestures may be bodv moventcnts or facial

expressions. Vocal sounds rnay be as sin'rplc as

grunts ancl howls or as sophisticated as words. A

signal is anything thirt rvarns or directs. lts advan-

tage is thart it allows communicatiou over grcater

distances than do vocal sounds or gcstutres. Of
course, a vocal sor,tnd or a gesture ma1' al.o be a sig-

nal. For example, waving a h:rncl mav be a signal of
friendship. Beacon fires and snroke sisnals rvere
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once used for communication over fairly long dis-

tances. Drums and trumpets also were used to sig-

nal or warn other people in an area.

Pictures found in prehistoric caves were probably

meant as reminders of certain events, such as hunt-
ing or fishing. They may have been a way of teach-

ing others how to do certain things. As these pictures

became more cxact and easier to use, they developed

into words. \X/ords are names given to things we see

or know. Once words began to replace pictures as a

medium of communication, language developed.

Language is a regular way of using words so they can

be understood by the people in a certain group. As

language became more popular, a way of recording

it-wri ting-developed.

Personal communication The most basic meth-

ods of communication between people are vocal

sounds, facial expressions, and body gestures. It was

thousands of years between the time that people

began to talk and the time that they began to write.
Before 3000 s.c., the Egyptians had developed a

scheme, called hieroglyphics, for writing their lan-

guage. At first, hieroglyphics were based on pic-
tures drawn to represent things. Later, the drawings

were simplified to represent sounds in the
language. By A.D. 500, hieroglyphics were no
longer in use.

FACIAI EX"RESSIONS

Facial expressions are an important method of
communication between apes. This male barbary ape is
opening and closing his mouth as he holds a y0ung ape. An
open mouth or fixed stare is often a sign of aggression.
Pursing lips or pouting is often a sign of friendliness.

In about 1500 9.c., the Semites of Syria and

Palestine had developed an alphabet. Their alpha-

bet had about twenty simple pictures that stood for

different sounds. This greatly simplified writing, as

the people no longer had to learn a separate symbol

for each word. The new symbols could be com-

bined to represent any word in the language. The

idea of an alphabet was continued by the Greeks

and Romans. They further simplified the letter

symbols by making them easier to write. The
alphabet has been adapted to the familiar English

alphabet now in use in the United States and many

other countries.
\X/ith the increased use of the alphabet, more peo-

ple learned to read and write. Stone tablets were

replaced by primitive types of paper, making
writing easier. Libraries were established around
600 s.c. by the Assyrians and the Babylonians.

Messenger and postal service became more effi-
cient, so people were able to communicate over

fairly long distances.

The greatest advances in personal communica-
tion came about after the discovery and control of
electricity (see tt-l,c't'ntct't'y). Samuel Morse used

Flags are often used to communicate information
in sports. This black-and-yellow checkered flag
is flown on ski slopes t0 warn skiers of the
danger of an avalanche.
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HIEROGLYPHICS

By 3000 8.c., the ancient Egyptians had developed a type of
writinq called hieroglyphics. ln this system, picture symbols
represented sounds or whole words, such as the symbol for
water (bottom left).

principles of electromagnetism to develop the tele-

graph in 1844. Because the telegraph was only able

to make clicking sounds, Morse also developed a

code to be used for commttnication. The Morse

code uses dots (short clicks) and dashes (long clicks)

ro represent the letters of the alphabet (see MORSL,,

SAIvIUEL; TF,I.EGRAPH). In 1876, Alexander Graham

Bell invented the telephone, making it possible for

people to communicate by voice over long distances

(see B[,]-1., AI.F.XANDl,R GRAHAM; I'ELEPHONE).

Until the 1900s, the major problem with the tele-

graph and telephone was that they required wires

between the communicating units. In the late

1890s, Guglielmo Marconi invented a wireless

telegraph.

A wireless telephone, or radio telephone, was

invented in 1900. The radio telephone allowed

people to communicate with each other over great

distances, without the use of connecting wi res.

Some developments from the original radio tele-

phone are commercial broadcast radio, amateur

radio, citizen's band radio, and emergency two-way

radio used by police officers, fire fighters, and oth-

ers (see I\{ARCONI, C;UC;l.lELMO; RADrO).

Electricity was also a key factor in the phono-

graph, invented in 1877 by Thomas Alva Edison.

The phonograph was the first instrument that was

able to record voices (see EDISON, THOMAS AL\A). In

the early 1820s, photography was invented, but it
was not until 1BB4 that a flexible transparent film
was developed by George Eastman. In 1889,

Edison invente d motion pictures. In 1923, the

COMMUNICATION

first motion pictures with sor-rnd were introduced.

These advat-rces led to the development of televi-

sion in the 1920s and its introduction to the pub-

lic in 1936 (see lVo'l'lON PICTL.TRL,; PHOToGRAPH\';
.I'LL,F,VISION).

Mass communication As early people began to

communicate on a one-to-one basis, they wanted

to share information with many people in nany
places. As a result, forms of mass communication

were developed. Mass communication is a way to

learn about the world and what events are occur-

ring. It is a way of passing information from one

generation to the next. It is a way for a person to be

informed and entertained so that he or she can

make choices and decisions based on many lacts

instead of just a few.

In the eighth century A.D., the Chinese ancl oth-

ers started using wood blocks to print books. It was

DISH ANTENNA
Dish-shaped antennae are used to communicate by radio
over long distances. Radio energy is received over the whole
face ofthe dish and reflected onto a detector held above it.

Radio signals transmitted via a dish are formed into a beam
that can be sent in any direction by turning the dish.

4t9
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not until about t.t't. 1440, however, thilt a rnachine

lvirs inventccl that cornpletely changed the way

books were printed. Johannes Gutenberg inventecl

rr printing press that used movable rnetal type. This
macle it nuch easier ancl less expensive to print
books ancl other tnaterial. By the 1600s, newslet-

ters I'rad become cornmon. In 1783, daily news-

papers were besun in Philaclelphia.

As printing methods irlproved, costs decreased.

More people were able to aflord newspapers, books,

and magaz"ines. As more people learned to read,

they became rnore interested in the government.

Frcc public eclucation was introduced, and it
became necessary to be literate (able to read and

write) in order to keep in touch with the rapidlv
changing events of the day. When Gutcnberg intro-
duced the printing press, fewer than 10 percent of
the people in the world were literate. 'lbday, in the

Unitecl Stares, B0 perccnt of all adults are literate.

People in the United States spend billions of dollars

every vear on printed material (see PRIN'I lNci).

Radio and television broadcasts are probably the

most popular forms of mass communication. The
average home irr the United States has several

radios. More thirn 95 percent of the automobiles

have radios. More than 9B percent of the people

have at least one television set in their homes.

Through these n-redia, millions of people can be

contacted at one time. Radio and television bring
news, sports, entertairlrrent, and education into

Walkie-talkies are small, two-way radios. They are employed
where telephones cann0t be used, such as on large
construction sites.

the home so that people can reccivc these

communications conveniently. This is important
for warnings of bad weather or other d:rngers. It is

also vital to a government whose leaders must stay

in contact with the people.

Information age At the opening of the twcntieth
century, the anount of information available was

doubling about every one hundred vears. Today, it
is doubling about every four years, largely bccausc

of the computer. The rate of inlormation buildup
is likelv to increase because each technical advance

opens a door to other new applications and

re fine me nts.

Most of the information systcms irr use today

sherre a common base-computers. Modern com-

puters make it possible to store and process huge

amounts of information. They also allow users to

share that infbrmation with many other users. A
device called a modem allows information to be

sent from computer to computer over telephone

lincs. Modems also allow a user to receive such

informatiolr :rs stock market prices and weather

information. A large group ol users who commu-
nicate using rnodems make Llp a network (see clolrt-

l'}U'l'trR; MOI)t-.M).

Another modern way to communicate is through
a facsimile machir-re (see l,lc.stl{u F, MAcHINE).

Facsimile machines trrrnsmit copies, or faxes, of
handwritten or typed material, maps, photographs,

or drawn art over telephone lines to another fac-

simile machine. The process of transmitting infor-
matiorl by a facsimile rnachine takes about the

same time as it does to complete a telephonc call.

Communicatir-rg by telephone has become more

convenient with the invention of portable tele-

phones. Portable telephones can be carried from
room to room in a house , or used in a car (see TF,I.F.-

PHONT). \Torkers at airports and large construction
sites can communicate with each other using small

walkie-talkie radios (see Rqttro).

Communication today has entered a whole new

era. People can share informmtion more quickly and

inexpensively than ever before. Many hope these

advancements will lead to a greater understanding

among people all over the world.

PORTABLE RADIOS
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COMMUTATOR A commutator is a device

that is used to reverse the dircction of electric field

in a direct current (DC) generator or motor. A
commutator usually consists of a cylindrical ring of
insulated conducting elements mounted on a shaft.

The shaft is connected to the armature, a.nother

cvlindrical device containing coils of wire. As the

armature rotates inside the field structure, which is

a group of magnets or electromagnets, it generates

alternating current (AC), which is current that
reverses direction every half turn of the armature.

The current then flows to the commutator, which

is also rotating. The comlnutator changes the alter-

nating curre nt into direct current, which is current

that moves in only one direction. l'he current is

picked off tl'rc commutator by carbon graphite

sticks, called brushes, that rub against it. The cur-

rent then flows or-rt of the generator or motor to its
external destination.

See A/so AITFRNAI-INC] C]LJI{RF-N,I.; DIRI,CT CURRENT;

I)YNAMO; I-,[-L,C,|RIC- MO.I-OR; ELI,CTROMACNI,TISM;

(IFNF,RAT'OR. F-LL,(] I RIC]AI-.

COMMUTATOR
This commutator is the part of a DC motor that reverses the
direction of the electric current in the rotating coil every half
turn of the coil. ln the simplest DC motor with one rotating
coil, the commutator is a metal ring split into two halves,
each insulated from the other. ln practice, a DC motor has
many coils, so the commutator is divided into many smaller
segments.

COMPASS A compass is a device used for cleter-

mining direction by means of a magnetic needle.

The compass is used to nervigate on land, at sea, or

in the arir (see MA(INF,TISM; NAVI(]ATIc)N).

A compass has markings that show the four main

direction.-north, south, east, and west-as wcll

as various points in between. The magnetic needle

of the compass always poir-rts north and south due

ro the pull of the earth's magnetic poles (see

MAGNF,TIC I'OLL,).

A simple pocket compass is r-rseful to ir hiker,

especially when there are no landmarl<s for guid-

ance. 'l'he hiker first needs to know the direction

his or her destination is. For example, if his or her

camp is east, the compass shows what clirection east

is in relation to where the hiker is standing. The

hiker then heads east, periodically checking the

heading by means of the compass.

The Chinese were the first to develop the com-

pass, about e ight hundred years ago. The ir compass

had a piece of lodestone, which is a naturally mag-

netized mineral, hanging from a string (see LOI)E-

sroNL.). The ends of the stone pointed to the north

and the south. 'fhe Portuguese improved the com-

pass for travel on sea in the late 1300s. Thcv placed

the compass in a glass case, called a binnacle, for

protection. The binnacle was then mounted on a

gimbal (frame) to kecp the compass steady when

COMPASS

To use a c0mpass to line up a map, turn the compass s0 that
the swinging needle points to the c0mpass's north and lines
up with n0rth as indicated on the map.

Commutator
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the sea was rough. Other inrprovements were made

to tl're compass over the years. Navigators fbund

that if a conlpass was placed neat a metal object, the

magr.re tic needle was pulled toward that object. The

angle that represents tlic cliflerence between the

north-south line and tl're direction the compass

points because of the pr-rll of thc object is called

deviirtion. Magnets were placed inside the binnacle

to I'relp correct for deviation. Navigators also have

to acljust for dcclination. Declination is the anglc

that represents the clilfbrence betwecn geographic

north and magnetic north. Navigators use charts

that show what kind of adjr-rstn'rents have to bc

made in reading the compass.

Tbda1,'s ships, aircraft, and spacecraft ofien have

electronic conlpass systcms. ln such a systent,

conlpasses arc corrected for deviation and declina-

tion by cornputers. Ships, aircraft, ernd spacecraft

also use er dcvice called a gyrocompass, which
uses gyroscopes rathcr than a- mergnetic nee dle
(scc (,\ R()S(-tlff:).

COMPOSITE FAMILY'l'he composite fam-

ily is the largest and most highly evolved faniily of
flowering plants. It includes more than twenty
thousand species of herbs and shrubs (see

HIRIIACILOLJS I'I.AN'I.). Members of the composite

family are founcl throughout tempcrate and tropi-
cerl areas of the world.

'l'he leaves vary in size and may be simple or com-

pound (see t-l.ar). They may alternate on the stem

or form a rosette on the ground.
Each of the flowerheads of the composite family

COMPOSITE FAMILY-Asters
This garden aster, like many cultivated composites, has been
specially bred to produce lots of extra-large florets.

COMPOSITE FAMILY-
Different family members

The sunflower, chicory, and
mutisia all belong to the
composite family. Some
sunflower heads grow to be
well over 12 in. [30 cm]
across and contain
hundreds of individual
f lowers, or f lorets.

Sunf lower
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Ray florets

is actually made up of many small florets packed

tightly together. There are two kinds of florets in

most composite flowers. In the sunflower, for
example, ray florets form the yellow outer fringe,

and disk florets make up the inner brown disk
(see FLO\XIER).

Members of the composite family produce many

seeds and have effective means of dispersal (see ttrs-

PERSION OF PI.ANTS). Some seed coverings, such as

those of thistle and dandelion, have lightweight,
feathery hairs for wind dispersal. Other seeds have

bristles or burrs so they will stick to an animal's fur.

Plants in the composite family have many uses.

Chrysanthemums and asters are grown for their
brightly colored flowers. Chicory, lettuce, and arti-
chokes are grown for use as human food. Some

plants, such as calendula and tansy, are used in
medicines. The compass plant and goldenrod are

two common wildflowers in this familv.

Disk floret

lP-:":

COMPOSITE FAMILY-Flowerhead
A composite flowerhead consists of
numer0us tiny flowers called florets. The
dandelion (left) consists entirely of ray
florets, each with a flat blade. A disk floret
(right), from the center of a sunflower or a

daisy, is shaped like a tube. Each has its
own stamens and carpels.

COMPOST Compost is a mixture of organic

wastes, such as those from a kitchen or yard, that
have been allowed to decornpose or rot. Compost
is added to soil as a fertilizer. \Tastes in compost can

include grass clippings, leaves, coffee grounds, and

apple cores. Once the compost is addcd to soil,

microorganisms in the soil break down the wastes

so that the nutrients in them can enter the soil.

Many homeowners make their own compost and

use it on their lawns, gardens, and trees. Compost
fertilizes these areas without using artificial chemi-

cals. Compost also disposes of wastes without fill-
ing up dumps and landfills.
S ee a /s o F F,Rl-r t-r z-F-R; H u M us; M TcROORCAN rsM.

COMPOST

Compost can be made simply by making a pile of kitchen and
yard wastes in the garden. But the material rots m0re quickly
and makes better compost if it is put in a special compost box
that keeps the warmth in.

ACTTVITY Watching seeds disperse

] \
J

4\)

Find a fluffy seed head of a dandelion or some similar
plant and look at the feathery "parachute" on top of
each seed. Blow hard at the parachutes and watch
them drift away. See how far they travel.
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COMPOUND A compound is a cherlicalsub-
strlnce nrade up of twcl or nrore different elements.

In a compound, the atoms of the elements are

linkecl togethcr by cl"remical bonds. In this way,

thev fbrm a completeh, clifferent sr,rbstance. For

example, hvclrogen (H) and oxvgen (O) are both
colorlcss gascs. If a chemical reactior-l occrlrs
between them, they can combine to form water
(H,O). In a compouncl, elements act cliflerently
tl'ran rhey clo alone. Thc clcmcnts that make up a
ccrt:rit'r conrprouncl :rre arlways in the same ratio (see

A I ()\l; LLlrNl l:N'l') .

There are thousrurcls of diffcrcnt con"rpounds.

Merny occLlr in n:rture, and many are made by

chernists who put elernents or other compounds

rogerher (see CHLMTCAL RL,AC|[ON). u PROJECT l6

COMPRESSORA compressor is a machine that

increases the pressure of air by reducing its volume
(see Bt)\'l.lr'S I A\\f . Cornpressors are also used to com-

press other gascs and liqLricls. There are two main

wpcs of compressors: p-riston and rotary. 1-he piston

compressor is the most widelv used rype. lt consists

of a piston thilt moves up and down inside a cylinder,

nuch like a piston in an internalcombustion engine.
'l'l-re crankshaft of a gasolinc, cliesel, or electric engine

moves the piston up and down. As the piston moves

to the bortom of thc cylinclcr, air is drawrr into the

vmcatcd spacc above it. \X/hen the piston rises to the

top of the cvlincler, it compresses ("squeezes") the air

in thc cylinder, and a special valve releases it into a

rubber tube or hose. Some conrn'rercial tools, such ers

pneunatic drills that are used to break up rocks and

pavement, and power wrenches used in auto tire
garages, require extra high-pressure compressed air.

(lompressors with several cylinders are used to gen-

cratc this additional pressure. The compressed air

flows from cylinder to cylinder and gets an additional

boost in pressure each time it is recompressed.

The rotary wpe of compressor is not as efficient as

the piston rype. It consists of a rotating fan, called an

impeller, that pr-rshes air through metal passages

arranged in a spiral pattcrn. The air passages are wide

where the air enters and narrow where it comes ou.t.
'l'his causes the air flowing through the passages to be

conrprcssccl.

Compresscd air is also uscd as the propelling
force in commercial insecticide sprayers and paint
spraye rs. It is available at rrost gasoline stations free

of charge for filling rubbe r tire s on vehicles.
Comprcssed air is r-rsed to pressurize the suits and

hehnets of deep-sea divers and to operate braking
systems on large trucks and railway trains. Small

hand purnps are available for home use to fill bicy-

clr' tircs and sporrs eqLripmeut.
(las tdrbine jet engines used in airplancs have

axial-flow air compressors that compress air fbr
combustion (burning). Axial f'low n-rearns that the

airflow through the compressor is parallel to the

main axis of thc engine. These compressors consist

of a series of alternating fixed and n-roving blades

inside a cylindrical housing. The blades at the front
end, where the air enters, are shorter and f,irther
away lrom the housing than the blacles at the rear

end, which are longer and very close to the hous-

ing. 'l'he blades are designed to push the air toward

the rear where it is compressed.

Refrigerators contain comprcssors that compress

refrigerant liquicls and liquefied gases. The com-

pressed liqLrids are released into a series of closed

tubes, where thcy bccomc gases and extract heat

from the inside of the refrigerator in the proccss

(see RI:FRI(iITRATION).

COMPUTED TOMOGRAPHY com-
puted tomography, also called CT scanning or CAI'
scanning, is a medical procedure uscd to diagnose

disorders. CT scanning uses a computer and X rays

to create precise images (CT scans) of separate over-

lapping organs on a compllter screen or paper. 'fhe

images are detailed "slices" of the anatomy.

CT images show the liver and kidneys better than

do film X rays and are useful in looking at thc brain

and abdomen. CT imerges can show the size and loca-

tion of abnormal growths, callecl tumors, as well. In
some cases, a colorless liquid, called a contrast agent,

is given to the patient so the medical team can better

see the organs being studied. CT examinations are

done by technologists. The images are interpreted by

a radiologist, a physician who speciarlizes in the use of
radiation for diagnosis and treatment.

See tt/so RAI)IOCR{PHY; X RAY.
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A .u-p.,ter is an electronic device that can per-

form complex tasks, including problern solving,

quickly ancl accurately. There are diff-ercnt kinds of
computers, Lrut cacl'r perlorms the same basic task.

Data (infonnation)-both words and numbers-
are inputted (cntered) into the computer. The
computer then nanipr-rlatcs the data by following
programs, or sets of instn-rctions. The computer

then outputs (gives out) its results.

A con'rputer is able to perform a wide variety of
tasks simply bv following different programs. The

programs used by a compllter are refe rred to as soft-

rvare. For examplc, nrally people use conputcrs
when they write letters, reports, books, and maga-

zine articles. Thc programs needed to manipulate

worcls to accomplish such tasks are called word

processing programs. The computers that can per-

form word processing c:rn also use othcr software to

draw pictures and c:lrry out llccounting procedures.

In e:rch of these cases, the actual computer, or

the hardware, rcnrains the same.

Computers have n'rany other uses. Architects arnd

enginccrs use a process called computer-aided
design (CAD) to make detailccl drawings of build-
ings and bridges verv qr-rickly. Previously, erll such

drarvings were made b1, hancl on paper, using such

drafting instruments as compasses and protactors

ConnPUTER
(see iv{ECHANICAL DRAw'lNG). Factories use a process

called computer-aided manufacturing (CAM) to
have machines do work previously performed by

humans, such as assembling parts on a car (see

AUTOMAI'ION; ROBOTICs). Computers are used in

medicine to study and treat the body. For example,

in computed tomography, computers and X rays

help doctors diagnose disease (see CIOMPUTFI)

TOMOGRAPHY).

In business, computers are used to moniror
inventory and payroll records and maintain infor-
mation on clients. In music, composers use com-

puters to help them write music and assign notes to

specific instruments in an orchestra. In publishing,

computers are used to arrange words and graphics

in a process called desktop publishing. Computers

are also becoming more widespread in the home as

a way to keep track of household records and also

for playing computer games.

History of computers I'he first merchinc used to

solve mathematical problems was the abacus (sec

ABACUS). The abacus is a wooden frame that has

beads strung on wires between two of its sides. The

beads stand for numbers and can be moved to per-

form different calculations. The abacus is thou-
sand.s of vcars old. lt is still in use itr some countries.

J)

COMPUTER-
GENERATED IMAGES

Maps, graphs, and pictures
are much easier to
understand than numbers.
A computer can transform
thousands of numbers into
a more meaningful three-
dimensional graph, map, or
picture. Engineers and
scientists use computer-
generated images like this
to help them understand
complex problems.

*: I
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COMPUTER MODELING
Scientists use computers t0 create 3-D models of molecules
in the computer's mem0ry. The models can be viewed from
any angle on the computer's screen. Scientists use these
models to study the structure of molecules and how different
molecules fit together when they interact with each other.

During the 1830s, the English mathematician

Charles Babbage invented the first modern
calculating machine. Babbage called his invention

the "analytical engine." It was designed to do com-

plicated calculations according to instructions in
the form of punched cards and store the results at

each stage of the calculation. However, the
machine never worked properly because manufac-

turing techniques were not advanced and precise

enough. Babbage's invention may have failed, but
his ideas formed the foundation of all modern

computing (see nRnuacL,, cHARLES).

It was not until the late 1930s that the first sim-

ple electronic digital computer appeared. A digital

computer is a computer that converts all inputted
information, including words, into digits. The
converted information is referred to as digital infor-
mation. This first electronic digital computer was

built byJohn Atanasoff, a mathematics professor at

Iowa State College, and his assistant, Ciiffbrd
Berry. Atanasoff decided to invent his own calcu-

lating device when existing devices could not han-

dle the computations he needed to perfonn for his

doctoral and master's students. Meanwhile. in
Britain, the first programmable all-electronic com-

puter called Colossus was built in great secrecv it.t

1,943 to break secret Clerman military codes. 'fhe

Atanasoff-Berry Oomputer (ABC) was the founda-

tion for ENIAC (electronic numerical integrator

and calculator), the first large-scale electronic digi-
tal computer. ENIAC was built in 1946 by a team

of engineers at the University of Pennsylvania.

ENIAC had 18,500 vacuum tubes, 70,000 resis-

tors, 10,000 capacitors, and 6,000 switches (see

CIAPACITOR ANt) CIAPACI'IANCE; RF,SISTOR; VACLjUN,{

'l'uBt). It occupied the space of a two-car garage.
\When it was first operated, many of ENiAC's parts

repeatedly burned out. It was difficult for the com-

puter to operate for more than seven or eight min-
utes. Gradually, the machine was improved to the

point that it could make as many as five thousand

additions and subtractions a minute. Although the

ENIAC and the ABC were very slow by modern

standards, they led the revolution in computers.

Key advancements Computers have progressed

dramatically since the days of ENIAC. Since the

late 1940s, scientists and engineers have created

computers that are increasingly faster, smaller, and

less expensive. This progress has been due largely to

the development of two kinds of electronic devices:

transistors and integrated circuits (ICs). A transis-

tor is an electronic device used to control and

amplify an electric signal. An integrated circuit
consists of various tiny components that act like

other electronic components, such as capacitors,

resistors, and transistors. The components are

located on a small chip of silicon. The silicon acts

as a semiconductor (see INTEcIRAI'-L,D CIRCUIT;

SEMICOND UCTOR; 
.I.R{NSISTOR).

The transistor largely replaced the vacuum tubes

of ENIAC and other early computers. Tiansistors

do not burn out as often, are faster, require less elec-

tricity to run, and do not give offthe huge amounts

of heat that vacuum tubes do. By the mid- 1950s,

RETUPMo
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EARIY COMPUTERS

The first large-scale
electronic computers were
built in the 1940s and 1950s
They used thousands of
vacuum tubes, resistors,
capacitors, and switches,
all linked by miles of wires.

MAGNETIC DISKS

The largest computers are
known as mainframes.
Programs and data used by
mainframe computers are
often stored on magnetic
disks or reels of magnetic
tape like the one being held
by this computer operator.

transisrors were allowing scientists to produce
"second-generation" computers that were not only
faster, but smaller, cheaper, and more reliable than

any previous computer. However, it was not long
before transistors were replaced by another
component that was smaller and more powerful
yet-the IC.

The development of ICs in 1958 made possible

yet another generation of still faster and more pow-
erful computers. lCs and other computer compo-
nents are often referred to as chips because they

contain thousands of tiny electronic components

that are packed closely together on chips of silicon
(see cHIP). Some of today's ICs are so tiny that they

can pass through the eye of a needle. Others are the

COMPUTER

size of a fingcrnail. These tiny chips contain rnanv

more components than the room-sized computers

of the 1940s arrd 1950s.

ICs have many uses in a computer. One of the

uses is to contain the memory of the computer. ICs

also control the parts of the compLlter that perform
such tasks as adding, subtracting, and sorting and

comparing data. All these functions are usr-rallv

combined into one complex IC, called a micro-

processor. Microprocessors are widely used in
such devices as calculators, cars, videcl garnes, and

videotape recorders (see CALCUI.ATOR; VIDF,C)

RL,CORi)rNC).

Most of the computers used today are digital
computers. Digital computers operate through cir-
cuits that are either switched on or switched off.

A circuit that is switched on allows electricity to
flow. A circuit that is switched off does not allow
electricity to flow. These circuits translate words or
numbers into the digits zero and one. Zero and one

make up the binary number system (see nlNeRv

NUMBtsRs). The information signified by each zero

and one is called a bit. An eight-bit series is called a

byte. Different computers have different byte
capacities.

Typ"r of computers Any computer is one of three

main types. The first type is the mainframe.
Mainframes are very large, powerful computers
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COMPUTER

that can make many millions of complex calcula-

tions per second. They are used to solve the most

complex problems, such as plotting the course of a
satellite through space or manipulating large

amounts of data, such as tax or census records of
large nunrbers of people . Many differe nt users can

Llse the mainframe at the samc time. The largest

and fastest mainfiames are called supercomputers.

Computer users away from the office can comlnu-

nicate with the mainframe by r-rsing modems to

send information over telephone lines. The baud

rate determines how fast this communication
occurs. Modems allow people away from the office

to communicate not or-rly with the mainframe, but
with co-workers, both those who are in the office

and others who are away frorn the office.
Information sent over the modem is often referred

to as "electronic mail." A large grollp of computer

users who communicate using modems make r-rp a

network. By becoming a part of a certain network,

a computer user can receive sr-rch information as

stock market priccs and weather information (see

BAUD; l\{ODt-N{).

A second tvpe ola conlputer is rt minicomputer.

Minicornpr.ltcrs are not as fast or as powerful as

mainframes, but thev can still perlorm very com-

plex tasks, such as keeping track of inventory in a

large business.

COMPUTER HARD\TARE

lnformation is fed into a

desktop computer via its
keyboard and a disk drive
inside it. This computer is

also connected to a mouse
and a joystick. The
computer sends information
out to its screen and can
save (record)it on a disk.
The information may also be

printed on paper by a
printer connected to the
computer.

,i.

ffi,

The third type of computer is the mrcro-
computer. A microcomputer is often called a per-

sonal computer. Because of recent advancements in

the ability of microcomputers to solve complex

problems, they are widely used in business, educa-

tion, government, and scientific research. Many

families also use microcomputers at home for

entertainment or to keep track of household

records. Microcomputers are now able to do tasks

that once only minicomputers could do.

Battery-operated portable models called "laptops"

or "notebook computers" and even smaller "pocket"

microcomputers are also gaining in popularity.

Portable computers are especially popular among

reporters and traveling business people who need to

use a conputer away from the office. Modems

allow them to communicate with other computer

users or with a mainframe.

Parts of a computer Generally, all digital comput-

ers work the same way because they have the same

basic components: input, storage, processing, and

olltput devices. The input devices convert infor-

mation into a form the computer understands.

Input devices include keyboards, a device called a

"mouse," graphic pens and tablets, touch screens,

and optical scanners. Keyboards allow the user to

directly type information into the computer. A

I

\
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mouse directs a pointer to select specific instruc-

tions. The instructions appear on a video display

unit that resembles a television screen. A graphic

tablet is used for drawing. The user "draws" on the

pad with the pen. However, the sketch appears

on the screen rather than the pad. Touch screens

allow the user to select instructions by touching
where they appear on the screen. Optical scanners

convert handwritten or printed material into
electrical signals. Many stores use optical scanners

and bar codes to record the prices of items pur-
chased. Some computers are even able to convert

spoken words into a language the computer
understands.

Storage devices include disks and disk drives.

There are two types of disks-a floppy disk and a

hard disk. A floppy disk is a small, flexible, plastic

disk that is coated with magnetic material and

enclosed in a thin case. Information is recorded on

floppy disks as magnetic signals. A floppy disk can

be easily carried from computer to computer, A
hard disk resembles a floppy disk but is made of a
rigid substance. A hard disk usually is located inside

the computer and is not removed by the user.

Because of their design, hard disks can store more

information than floppy disks. A reading head is

positioned over the floppy or hard disk and
retrieves information from the disk. The informa-

tion is stored by the disk drive in preparation for
processing.

COMPUTER

Another type of disk that is gaining in populariw
is the optical disc. Optical discs are becoming more

popular because they can store much more infor-
mation than a floppy or a hard disk can. Optical
discs resemble compact discs (see SOUNI) RF.(.ORD-

lNc;). Information is recorded on these disks as a

series of pits and ridges. The information is

retrieved by a laser located inside a drive. Some

optical discs are referred to as being "read only."
This means that new information cannot be

recorded on them. Optical discs that can be read as

well as store new information are referred to as

being "read/write" disks.

Inside the computer, the inputted information is

first handled by a chip or set of chips called the cen-

tral processing unit, or CPU (see Clu). The CPU
matches the information with the progr:rm that the

user requested for that particular task. 'I-he pro-
gram is stored on either a floppy disk or hard disk.

The CPU loads the program into its memory
where the actual manipulatiorrs occur. There are

two types of memory: read-only menlory (ROM)

and random-access memory (RAM).

The ROM is established when a computer is

made. The ROM contains instructions for the

computer on how to operate. The compr"rter can

read these instructions, but it cannot change or
erase them. For example, the ROM contains
instructions on what language to use. The ROM of
a computer used in Japan would tell it to Llse

COMPUTERS'USES

Computers are often used
to monitor and control
machines. These computers
control the flow of oil
between an oil field and a

refinery in Kuwait.
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Japanese letters. The RAM is short-term memory.

I-his means it can be changed. The informarion

from the inpr-rt devices, the program, and the

manipulations that the compruter perfornrs ilre

stored in thc RAM. Another set of instructions

works with the memory of the computer. These

instructions are referred to as the disk operating

system (DOS). The DOS is similar to the ROM in

tl-rat it tells the computer how to operate. However,

instructions in the DOS can be changed. For exam-

ple, the DOS might contain it-rstructions that allow

the computer to operate with a different kind of
printer lt rached ro it.

After the memory has processed the information,

the CPU conveys the information to the user

through an output devicc. One kind of output
device is a video display unit (VDU). Printers,

which produce written information on paper' are

another output dcvice. Information may be output

directly to another computer user through a

modem. Some computers even speak their results

through a device called ar voice synthesizer.

Other important parts of every computer are the

clock and the power supply. The clock is controlled

by a quartz crystal that vibrates at a rate of many mil-

lions of times a second. These vibrations control the

exact rate at which the computer's activities occur.

The faster the vibrations, the flister the calculations.

TA,PTOP COMPUTERS

The miniaturization of
electronic circuits made it
possible to build computers
small enough to sit on the
user's lap. Notebook
computers like the model
shown here are even
smaller than laptop
computers. The smallest
computers of all are called
palm-top computers
because they are small
enough to hold in a

person's hand.

The power supply provides the computer with the

exact amount of power it needs to run properly.

A typical application of a computer is to write a

letter. The process begins when the user selects a

word processing program. The user then inputs the

information, in this case, words, by using a key-

board. As the user types, the informatiou is con-

verted into digits. Almost simultaneously, the

computer outputs the information onto the screen

for the user to view. Any manipulations performed

on that letter, such as deleting or moving words or

paragraphs, occur in the RAM on instructions

from the program. When the user is finished with

the letter, the letter can be stored on a floppy disk

or hard disk. The letter can be outputted in other

forms, also. For instance, it can be printed on paper

or sent over the modem to another user.

Computers can be thought of as part of an ongo-

ing revolution. Scientists are researching ways to

allow the computer to store and manipulate larger

and larger amounts of information. Research is sure

to continue in the area of computers understanding

human speech. Artificial intelligence is another

area of great possibilities. Artificial intelligence

involves programming computers so that they can

"think," "reason," and "learn" from their mistakes

as humans do (see ARfIFIcIAL INI'uLLIciENCL,).

See also !,LF.C]I'RONI(lS.
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CONCAVE -l'he term concdue refers to a surface

that curves inward at the center. I-he inside of a

bowl is an example of :r concave surface. A lens that
is concave is thinner at the middle than it is at

the edges.

See also CONVEX; l.t:NS.

CONCAVE

A concave lens,
a bowl.

above, is curved like the inner surface of

CONDENSATION

This window is misted by condensation. When warm, moist
air meets a cold window, water vapor in the air condenses
on the glass as water droplets.

CONDENSATION Condensation is the
change of a substance from a gas to a liquid.
Condensation occurs when the temperatllre of a

gas drops below its boiling point. For example,

steam condenses to water when it is cooled below

its boiling point of 212"F [100'C]. A gas can also

be condensed by incre:rsing the pressure.
However, it must be cooled to below its critical
temperature. Otherwise, no amount of pressure

will cause the gas to condense. Condensation is
important in the formation of rain, snow, frost,

fog, and dew.

See a /so I']RECIPI'lAl'lON.

CONDENSER A condenser is any of several

devices used in electrical, physical, and optical sci-

ence. Each area of science uses a different kind of
condenser.

An electrical condenser is a device that collects

electric charge, and performs other functions in an

electronic circuit. It is more commonly known as a

capacitor (see c.ApA(.rroR AND cApACIr-ANcE). A
capacitor can block the flow of direct cLlrrent but
allow the flow of alternating current. It can :rlso

smooth the flow of fluctuating current (see (.UR-

RENI ELE(-TRI(.). Capacitors consist of rwo or more

conductors with insulators between the two con-

ductors (see CONDUC'IlON OF L,LLC'I'RICI-|Y). Some

capacitors are metal plates with glass between the

CONDENSER

A Liebig condenser consists of a long glass tube enclosed by
another tube. Cold water is circulated through the outer tube
The water cools the inner tube, and vapor that passes
through the inner tube condenses into a liquid.
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plates. Others consist of a series of thin metal sheets

separated by mica, paper, or air. Almost all elec-

rronic devices contain capacitors.

Steam condensers, also called cooling towers, are

large, tanklike objects used in electric power sta-

tions. They condense live steam from steam tur-
bines into water (see TURIIINE). After the steam has

been used in the operation of the turbine, it enters

a chamber surrounded by tubes filled with cold

water. The cold wate r lowers the temperature in the

chamber, and the steam condenses into water. The

water is then reheated to make steam again (see

COoLING lo\(ER). Similar, but smaller, condensers

are used to make distilled water, certain alcoholic

beverages, and some other substances (see

r)rs'l rLLATroN).

An optical condenser is a device used to produce

a narrow beam of intense light. It consists of two

convex lenses that focus the light from a source into
a bright, narrow beam. Optical condensers are used

irr slide projectors to shine bright light through
slides and in microscopes to illuminate specimens

being examined.

See a/so LL,NS; srF,ANi F,N(INL,.

CONDOR A condor is a large, flesh-eating bird
that belongs to the American vulture family,
Cathartidae. There are two species of condors in
the world. 'l'he Andean condor lives in the Andes

Mountains in South America.

The California condor used to be found in a

srnall area of mountains in southern California.
The number of California condors had steadily

CONDOR

Condors feed mainly on carrion (dead animals), but often they
attack and kill weak or sick animals, including sheep. An
Andean condor is pictured here.

declined to twenty-sevct'r due to the destt'ttction

of their wilderness nesting and feeding areas and

the use of chemicals in industry and agriculture.

Scientists and conservationists learecl that the

condor would soon become extinct (see txt'txc-
TroN).

In the early 1980s, the United States Fish and

\fildlife Service began to rnove condor eggs and

nestlings to the Los Angeles rrnd San Diego zoos.

In 1987, the few remaining wild birds wcrc cap-

tured and placed in z.oos. These efforts led to the

first hatching of a conclor chick brecl in captiviti'.

at the San Diego Wild Animal Park in April 19tt8.

In 1992, a few condors were released into the

wild. It is unknown how successful these elforts

will be. Reintroducing bircls brccl in captivitv is a

diFficulr and unccrtrtin process.

Like many other vultures, the condors eat mainly

dead animals and have no feathers on their heads.

The wingspan of a condor may be as great as 1 0 ft.

13 m]. This makes it one of the largest flying birds

in the world. The condor uses its broad wings to

soar high in the air while looking for fbod. A

condor mav glide for a long tirne without flapping

its wings.

See also vuLt LlR[,.

CONDUCTION, HEAT Heat conduction is

the movement of heat through a substance. For

example, heat from the burner of a stove makes the

underside of a pan hot. What happens is that the

heat makes the atoms in the underside of thc pan

vibrate faster. These metal atoms are arranged in a

rigid pattern called a crystal lattice. Thc lattice

keeps its shape beceruse of the strong forces

between the atoms. However, in many metals,

electrons escape from the atoms and move freely

through the lattice. These electrotts are called

free electrons.

It is the free electrons that carry heat thror-rgh

good conductors, such as metals. In fact, it is

because metals have free electrons that they are

good conductors. The vibrating atoms of hot gas

at the bottom of the pan strike nearby electrons

and make them move faster. l-hese electrons then

strike other atonls inside the nretal of the pan and,



Te st c o n d u cti o n m ate ri a ls

Place a metalspoon and a plastic 0ne into a hot drink
in a cup. Notice the difference in temperature of their
handles after one minute. Plastic and metal conduct
heat at very different rates.
Caution: Hot liquids can burn.

in turn, make them vibrate faster. In this process,

the atoms themselves do not move throlrgh the

pan. It is the electrons that do so, making all the

atoms in the lattice vibrate faster.

Gas and liquids conduct heat diflerently. They do

not have free electrons and are therefore not as

good conductors as metals. If there is water in the

pan, the rapidly vibrating atoms of the hot pan

make the water molecules move about more
quickly. These f,rst-moving molecules collide with
other molecules and make them move faster. By

doing so, they increase the ave rage specd of all the

molecules in the water. This increases the tempera-

ture of the water. In this way, heat is conducted
from the burner through the metal of the pan to the

water. It is then conducted through the water so

that all the water in the pan comes to the same tem-

perature. Convection is also important in the way

heat flows through gases and liquids.

See rrko ATOM; CONVF,CTION; F.I.F.CTRONi HF.AT;

CO

CONDUCTION OF ELECTRICITY
Conduction of clcctricitv is thc passage of clcctric-
itv through a substance. Materials that allow the

passage olelectricity are callecl concluctors. Metals

are the rnost widely used conductors. (larbon, elec-

trolytes (substances that tratrsfer electric chargcs bv

the movement of ions), ernd garses under low
prcssure are also used as cc'lncluctors (see ION.s ,\Nlt
IONIZ;{l ION).

Many metarls are goocl conductors bcc:rusc thev

contain atoms that have loosely held electrons (see

AI'OM; L,l-1.(.'l'RoN).'I'hese electrons are fiee to move

within the mctal. When an electric battery is con-

nected across the ends of a metal wire, the nega-

tively charged free electrons move away from the

end connected to the negative terminal and florv

tou'ard thc positivc terminal.'l'his flow olelectrons
is called an electric current (see cLJRIIF.NI', tr.l.lr(.-

TRIC; F.l.F.(.'l RI(.1'l Y). '1'he more free electrons a

metal has, the easier it is for electricity to move

through it. Copper, alumit'rum, silvcr, ancl golcl are

the best conductors because they all have at least

one free electron per atom. Most electrical wires arc

m,rde of copp('r.rr aluminum.
Other materials are called poor conductors. Poor

conductors resist the flow olclectricity and changc

its energy to hcat. f he amount of resistancc

depends upon the rnaterial, its lcngth, ancl its cross-

sectional area. Heating units in electric stoves and

toasters, for exermple, use the resistance principlc to
generate heat. Resistance to electricai flolv is mca-

sured in units called ohms. A resistancc of onc ohn'r

is relatively srnall. If a 1.5-volt batrery is connected

to a conductor rvith a resistance of onc ohm. thc

battery causes 9,375,000,000,000,000,000 (over 9

quintillion) elcctrons to flow past a point in the

conductor in one second. This is a relatively large

current of 1.5 amperes (see AlrlPF.RF.; OH\1; Rt'.sls-

TANC.E, L.LL,(.'t'Rt(.AL; \/ClLt ).

Insulators are substances that contain tightlv
bound electror-rs thert cannot move fronr thcir
atoms. These substances cannot easily conduct
electricity. (llass, mica, and rubber are the most

common insulators. Wood and plastic are also used

as insulators.

Some materials, such as silicon ancl germanium,

4.13
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are neither good conductors nor insulators. They
are called semiconductors. Some materials are

superconductors. That is, they have no electrical

resistance. For the most part, these materials must
be at extremely low remperarures in order to be

superconductors. However, scientists are working
to make some substances superconductors at
higher temperatures (see SF-MICONDUCTOR; SUPL,R-

CONI)UCTIVITY).

CONGLOMERATE (kan glsm'ar it) A con-

glomerate is a rock made of rounded pebbles held

together by a fine-grained natural cemenr. Before

they were joined by the cement, the pebbles
became rounded by weathering and by the acrion

of streams and oceans. The natural cement is made

of sand and various substances containing calcium,
silicon, or iron.

Much conglomerate materialwas formed during
the tiassic period in North America, northwestern

CONGLOMERATE

The fragments embedded in a conglomerate show the kind 0f
rock that was originally broken down to rubble. The rubble
was then joined by natural cement to form the
conglomerate-a kind of second-generation rock. lts mixed
appearance has led to the common name "pudding stone."

Europe, and New Zealand. (The Tliassic period
lasted from about 225 mrllion years ago to 193 mil-
lion years ago). Conglomerates are often found in
areas that once experienced glaciation (see GLACIA-

TrON). The most common environmenr for con-

glomerates are alluvial fans (deposits of alluvium
where a stream flows from a gorge upon a plain or
where one stream flows into another stream), river
channels, and beaches (see ALI-LIVIUM).

See A/so SL,I)IMF,NTARY ROC]K.

CONIFER (k6n'a far)A conifer is a tree or shrub

that bears its seeds in cones. Conifers are usually

trees, but some are shrubs. 'l-here are about four
hundred species of conifers in the world. They are

found mostly in temperate climates. Conifers that
are common in North America inch-rde pine, fir,
larch, spruce , hemlock, redwood, yew and juniper.

Most conifers are evergreens with slender leaves

called needles. Although the needles die and falloff
like the leaves of deciduous trees, they do not all fall

at the same time and new needles grow before the

old needles fall. Because of this pattern, a conifer

CONIFER-Red fir
Red firs, seen here towering f U S tt LS: rl anove tne road, are
native t0 the western United States. The red bark that gives
the trees their name develops only at high altitudes.
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CONI FER-Cones
The cone of the red fir is up to 8 in. [20 cm] long and,like
those of all true firs, it stands upright on the branches. Fir

cones fallto pieces when they are ripe and the seeds float
away on the breeze. Pine and spruce cones stay in one piece
and the scales simply 0pen up to let the seeds escape.

always has needles-hence, the name euergreen (see

F,VERCREEN).

Conifers have two kinds of cones: male and

female. The female cone contains ovules. Wind
blows pollen from the male cone into the female

cone. This transfe r of pollcn is called pollination.
The pollen produces sperm (male sex cells), which
fertilize the eggs (female sex cells) in the ovules in
the female cone. The ovules develop into seeds,

which contain the new embryo plants that devel-

oped from the fertilized eggs. The seeds, which
mature inside the lemale cone, fall to the ground to
grow into new trees. Most cones release the seeds

soon after the cones appear on the tree. Pine cones,

however, must lnatllre for two years.

See a /so CYMNOSPF-RN{ I l'}Ot.t-l N{l'lOn...

CONNECTIVE TISSUE Connective tissue is

the material that connects body tissues and organs,

holds organs in place, and supports the body.

Bones, cartilage, ligerments, and tendons are all
examples of connective tissue (see tltlxl.; CAR'l'l-

LAGIr; LIGAN{lrNT; TI:NDON).
(lonnective tissue has relatively few cells but has

sr.rbstantial material between the cells. 'I'his inter-

cellular material contains long, white and yellow
fibers. Most of the fibers are white and are made of
collagen (see coLLa(;trN). The yellow fibers are

made of a material called elastin and are able to
stretch easilv.

CO

Connective tissue other than bones and cartilage

is often called connective tissue proper. Connective

tissue proper can be one of two types, depending

on the structure and function of the intercellular
material. These two types are loose and dense con-

nective tissue. Loose connective tissue, or areolar

tissue, surrounds various organs and muscles. It is

soft, filmy, delicate, and flexible, holding structures

in place while allowing movement between them.

Loose connective rissue is not very resisranr to

stress. Reticular tissue is a specialized type of loose

connective tissue that provides a framework, espe-

cially in the bone marrow to slrpport the cells that
produce red and white blood cells.

Dense connective tissue has many more fibers

than loose connective tissue. These fibers are

arranged in sheets and bundles, which are less flex-

ible and more resistant to stress than loose conncc-

tive tissue. This kind of connective tissue forms

tough coverings for some organs, such as the kid-
neys. Dense connective tissue also forms ligarnenrs.

See d/so ARTHRITISI BLOOI)i B()NE N4r\RROW.

CONSCIOUSNESS Consciousness is the
state of beir-rg awake and mentally alert.
Psychologists recognize the existence of different
levels or states of consciousness between wide
awake and fast asleep.

Sleep is the state of consciousness in which the

activity of the unconscious mind takes the form of
dreaming (see DRFAM; sl.EF.P). Hypnosis is a special

state of consciousness in which the person who has

been hypnotized stops thinking for himself or her-

self and responds, instead, to the suggestions of tl-re
hypnotist (see Hvt,xctsts).

Drugs can produce changes in a person's state of
consciousness. By stimulating the central nervous

system, the caffeine in cofFee or tea can make a per-

son feel more a.wake ancl alert. Alcohol, on the

other harnd, can produce the opposite state, one of
drowsiness or even unconsciousness. Some drugs,

called hallucinogens, can produce a state of wakine

dream, or hallucination (see HALLUCTNO(lL,N).

An important area of psychological rcsearch

today is the role that consciousness plays in orga-

niz-ing a person's memory.
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CoNSER\rNrroN

Conser,ration is the practice of saving things from
loss or waste. If a light bulb is left on when no one

is in the room, the electricity being used is wasted.

If the light bulb is turned ofl the electricity is being

conserved. Conservation allows future generarions

of people to enjoy the things people enjoy today.

For example, conservationists have helped pass laws

to protect plants and animals that might otherwise

disappear forever. These organisms are called
endangered species. Conservation laws make sure

that these endangered species survive (see nNoex-

CL,RL,D SPECIES).

The earth has many natural resources, such as

water, air, soil, minerals, trees and other plants,

petroleum (oil), and natural gas. People depend on

these resources to live. Life would be impossible

without clean water, air, and food. Modern life
would be very different without petroleum and

natural gas. in order to make sure that these

resources do not run out, they must be conserved
(see NATURAI- RLSOURCltr).

Perhaps the most important resollrces to be con-

served are the various sources of energy. For exam-

ple, there is only a certain amount of oil in the

earth. Once that is gone, there will be no more.

Whilc scicntists try to discover other types of fuel

to use, oil and products that are made from oil,

such as gasoline, kerosene, and some plastics, must

not be wasted. Automobiles are now being rnade

that do not use as much gasoline. These new cars

also do not pollute the air as much. This conserves

the air. Laws also have been made to control the

pollution of rivers and other bodies of water. This
conserves not only the water itseli but the plant
and animal life that lives in water (see POLI.uTION).

\Tildlife conservation is important for various

reasons. Nature is very complicated. Every plant
and animal plays a part. Sometimes, even scientists

who study nature do not realize how important

RARE BUTTERFLIES

The large c0pper butterfly is one of the world's rarest
butterflies. lt has disappeared from many places because its
wetland habitats are being drained for farming. lt is now
being protected on nature reserves.

I



some organisms are. However, it is known that if all

the hawks in the world were killed, for example,

mice, which hawks eat, would become so numer-

ous that they would eat most of the food humans

eat and spread diseases. To keep nature in balance,

all species must corrtinue to exist.

Beautiful, undeveloped land must also be con-

served. Some areas must be left undeveloped so

there are forests to walk in and beaches to stroll

along. National parks conserve land as well as

wildlife and other natural resources.

The field of conservation includes many different

career opportunities. These include careers in
energy conservation, forestry, recycling, soil conser-

vation, waste management, water quality control,

and wildlife management.

See also FCOLOGY; ECOSYSTEM; L,NVIRONMEN'l'.

CONS,E.RVATION

RESTORATION A-FTER
MINING
Many conservationists
oppose strip mining
because of the damage it
does to the environment.
Coal companies are now
required to restore the
landscape once the coal
has been removed from the
strip mines. Such
restoration helps reduce
long-term environmental
da mage.

GAME R.ESERVES

Many of Africa's large
mammals are becoming
rare because they are
hunted, but large game
reserves have been created
so that the animals can live
in safety. Here a

hippopotamus is being
watched in a reserve in
B otswa na.
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CONSERVATION LA\7S A conservation
law describes something that stays unchanged-is
"conserved"-during a chemical, physical, or bio-
logical process. Such laws help scientists under-
stand how the processes work. An example is the
law of conservation of electric charge, which states

that the amount of electric charge in an isolated
system never changes. This is often useful in
understanding the behavior of an electrical circuit,
in which the changes in currenrs, voltages,
and charge can become very complicated (see

ELECTRICITY).

One of the earliest conseryarion laws srares rhar
the momentum in an isolated sysrem of moving
bodies stays constant. (Momenrum is force of
motion.) The momentum of an object is the result
of multiplying its mass by its velocity (see ltass;
MOI\{F,NTUM; VELOCTTY). The law says, for exam-

ple, that if a heary truck smashes inro a wall, the
momentum of the truck before the smash is equal

to its momentum alterwards, plus the momentum
of all the fragments of the wall added together.

Many other conservation laws exist. They often
explain why some process cannor happen. For
example, a photon, or particle of light, has no elec-

tric charge. Often a high-energy photon turns into
a negatively charged electron and a positively
charged positron (an anti-electron). The positive
and negative charges of these particles cancel out.
Therefore, the total charge is still zero, which is in
agreement with the law of conservarion of electric
charge. A result of the law is that a photon could
never turn into a single elecrron, for example,
because then negative electric charge would have

been created.

See a/so CHF.MISTRY.

CONSTELLATION A constellation is a

group of stars visible in a particular area of the sky.

Today, eighty-eight constellations are recognized.

Most of the constellations visible from the Northern
Hemisphere were observed by people of ancient
civilizations, such as the Greeks and Romans. They
named the constellations after characters in their
mythology, such as Hercules, Cassiopeia, And-
romeda, Orion, and Perseus. Other constellations

CONSTELIATION
This is the constellation of 0rion, the hunter. tt is a nnght
constellation seen in the southern winter sky of the Northern
Hemisphere. The four bright stars show the hunter's knees
and shoulders. Three stars in a line show his belt.

are named after animals, such as Scorpius (the scor-

pion), Cancer (the crab), Aries (the ram), Leo (the

lion), and Taurus (the bull). The twelve constella-
tions that lie on the ecliptic (the sun's apparenr
path) define the zodiac (see ZODIAC).

Most people looking at the sky today probably
find it easier to pick our parrerns of triangles,
squares, or other familiar shapes than to see the fig-
ure of a warrior, queen, or animal. For example, the

easily recognized Big Dipper is a group of stars that
forms part of the constellation Ursa Major (Great

Bear). The Little Dipper is part of Ursa Minor
(Little Bear) (see lllc DIPPER AND LITTLE, DTPPER).

Dividing the stars into constellations makes find-
ing celestial bodies, such as certain srars or planets,

easier. Ships can also be navigated using constella-
tions as a guide (see N,tvlc;xnoN). Because the
earth revolves around the sun, different constella-
tions appear in the sky at differenr rimes of the year.

Also, every day, a particular constellation appears

four minutes earlier than it did the day before.
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CONSTELI-A,TIONS VISIBLE ATL YEAR

(Circumpolar constellations, lying in the northern sky.)

Ursa Minor Ursa Major Camelopardalis Cassiopeia Cepheus Draco

soME MAJOR CONSTELT-{TTONS CHANGING THROUGH THE YEAR

Eastern Evening Sky Southern Evening Sky Western Evening SkySeason

Spring (April 1) Virgo

Bootes

Corona Borealis

Gemini

Hydra

Leo

Orion

Canis Major

Summer (July 1) Lyra

Aquila

Cygnus

Bootes

Corona Borealis

Scorpius

Sagittarius

Ophiuchus

Leo

Virgo

Fall (October 1) Perseus

Taurus

Lyra

Aquila

Cygnus

Pegasus

Bootes

Corona Borealis

Ophiuchus

Sagittarius

Winter (January 1)

This table shows the locations of some of the main constellations visible from the north temperate latitudes at 9 p.lt. on four

difTerent dates each year. On other dates, the entries are applicable at slightly different times in the evening.

The column headed "southern Evening Sky" shows constellations from the southern horizon to roughly overhead.

Some constellations close to the north celestial pole can be seen throughout the year. These circumpolar constellations are

listed at the beginning of the table. From places in the southernmost United States, some of these, such as Ursa Major, are

not circumpolar. From places farther north, more constellations are circumpolar.

Canis Major

Gemini

Canis Minor

Auriga

Perseus

Taurus

Orion

Cygnus

Pegasus

The Greek astronomer Ptolemy named forty-
eight of the eighty-eight known constellations (see

P'foLEl\{Y). Ptolemy observed the forty-eight con-

stellations from the Northern Hemisphere.
Different constellations are seen from the Southern

Hemisphere. Crux-also called the Southern
Cross-is a well-known constellation seen from the

Southern Hemisphere.

See a lso HF.N4 ISPHL.RL,.

CONSUMER In the natural world, a con-
sumer is any living thing that eats or consumes

other living things or their remains (see ltltltt
CHAIN; PRODUCE,R).

The caterpillar that munches its way through
leaves is a consumer, and so is the bird that eats the

caterpillar. The cat that eats the bird is also a con-

sumer. The beetles and fly maggots that eat the cat's

dead body are consumers too.
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CONTINENTAL DRIFT

The continental drift theory states that the seven

continents were oncc one supercontinent and have

since rnoved apart to their presenr positions. The
supercontinent, called Pangaea, fonned about 250
million years ago, during the Permian period.
About 50 million years later, during the Triassic

period, Pangaea separated into two huge land
masses: Laurasia, consisting of the present-day
continents of North America and most of Eurasia,

and Gondwanaland, consisting of what are now
South America, Alrica, India, Australia, and
Antarctica. Laurasia and Gondwanaland eventually

broke up to form the modern conrinents (see (,Eo-

LOGTcAL rrrrn scall).

Evidence of continental drift l-he German scien-

tist Alfred \Tegener is thc father of the continental
drift theory. In the early 1900s, he presented evi-

dence to support his theory. For example, rhe cor-r-

tinents bordering the Atlantic Ocean match each

other like jigsaw puzzle pieces. 'Wegener also cited
similarities between rocks, fossils, and mountain
structures on opposite sides of the Atlantic.

The idea of continental drift became accepted in
the 1960s. Geologists studied the magnetism of
rocks. This magnetism shows the direction of the

earth's magnetic field in relation to the rocks at the

time the rocks were formed. The evidence showed

how the rocks have moved since that time.
Ocean research in the past thirry years shows that

the continents fit together even better than
\Tegener thought. This is because of the continen-
tal shelf, an underwater extension of the coastline.

The continental shelf is the true edge of the conti-
nents. By mapping it, scientists have found that the

continents match almost perfectly (see clctNt't-
NF,NTAL SHELF).

!
I

150 million years ago

MOVING CONTINENTS

About 250 million years agJ,
allthe continents were
joined together, forming a

single gigantic continent.
Later this continent split up
and the individual masses
moved apart. The
movement has not stopped.
America and Europe are
drifting away from each
other at a rate of almost
1 in. [2.5 cml a year.

100 million years ago

50 million years ago

440 :

I



New evidcncc supporting the continental drift
theory has been found by studying fossils.
Paleontologists, who study fossils, have found fos-

sils of extinct plants and reptiles in Antarctica.
Thus, thcy believe that Ar-rtarctica was a warm con-

tinent before it drifted to its present position
around the South Pole (see PALF.oNToLO(;Y).

CONTINENTAL DRIFT

VOLCANOES

The continents move because of a process called "plate
tectonics." Each continent is embedded in one of the plates
that form the surface of the earth. The plates are continually
growing along one edge and being destroyed along another.
Volcanoes are found atthe growing edges.

Cause of continental drift Scientists think that
the earth's crust consists of several rigid plates (see

PI.ATF. TF.CTONICS). These plates form the ocean

bed and lie underneath thc continents. The
movenrent of the plates is responsible for continen-
tal drift and also causes earthquakes. trVhen two
plates collide, one is forced beneath the other.
\iThere the collision occurs at the edge of a conti-
nent, a volcanic mountain range is created (sec

vOLCANO). For examplc, Itrdia, after breaking awrly

from Gondwanaland, clrifted r-rorth until it liit the

Asian mainland. This collision is thought to have

caused the Himalayas to form (see NlOUN'tAtN).

California is subject to earthquakes because of the

San Andrears farult, which forms the edge betwecn

two plates that are grinding past one another.

See a/so F.ARfHeLIAKF.; FAUIT; (;F.opI lysr(.s.
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CONTINENTAL SHELF The continental
shelf is an underwater extension of a contine nt. It
slopes gradually from the coastline until it reaches

the continental edge. At the continental edge, the

continental slope begins. 'l'he steep continental
slope plunges to the ocean floor.

The continental shelf waters are fairly shallow,

usually less than 660 ft. [200 m] deep. These waters

are the best fishing areas oF the oceans.

The continental shelf varies in width. Off the

collntry of Chile in South America, lor example,

there is no shelf, so the seabed plunges steeply to

rhe ocean floor. In other places, such as the British
Isles, the continental shelf is quite wide.

See ttlso CON'l-lNF-N'lAL DRIF l; O(IIANO(;R{PHY.

CONTINENTAL SHELF

The continental shelf is the edge of the continent that is
underwater. Beyond the continental edge, the ocean floor
slopes steeply away, forming the continental slope, and
levels off as it reaches the deep ocean.

CONTOUR LINE A contour line is one kind
of isoline. Isolines are lines on a map that show

some characteristic, such as temperature or eleva-

tion (height above sea level), that is the same

throughout an area. $Zhen isolines show elevation,

they are called contour lines. On a map with con-

tour lines, all the places with the same elevation are

connected by a line. The contour lines give an idea

of the general shape of the landforms being shown

on the map. Isobaths are contour lines drawn in

bh-re to show occan depth. lsotherms are isolines

showing temperature, and isobars are lines showing

barometric pressure (see l5r)BAR ANI) IS()'l'HF.Rlv{).

Sae n/so iUAP ANI) MAPPINC.

CONTOUR LINE
lf a landscape were flooded to different depths, e.9., 165 ft.
[50 m],330 ft. [100 ml, and so on, the tidemarks left around the
hills and valleys would represent the contour lines. ln actual
practice such lines that join points at the same height above
sea level are established on maps by surveying.

CONTRACEPTION (kdn'tra sEp'shan)

Contraception, also known as birth control,
involves preventing conception or impreguarion.

Conception is the fertilization olan egg by a sperm.

lmpregnation occurs when the fertilized egg

becomes attached to the wall of the uterus, and a

new life starts to develop (see PREGNANCY).

Different methods of contraception are in use

today. Barrier methods, such as condoms, contra-

ceptive sponges, and diaphragms, prevent the

sperm and egg from meeting. Condoms are the

only contraceptives that also prevent transmission

of disease. Barrier methods also may use chemicals

to kill sperm. Hormonal pills prevent the female

from producing a mature egg. Intrauterine devices

(IUDs) prevent the implantation of a fertilized egg

in the uterus. Natural family planning includes the

rhythm method, in which sexual intercourse is

avoided during the period each month when the

egg is released into the reproductive tract. Surgery

to sterilize either the male or the female is another

form of contraception.
See also RL,PROT)uc'r'roN.
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CONTROL TECHNOLOGY Control
technology is used to regulate machines auromati-
cally. There are two types of control technology sys-

tems: open-loop and closed-loop. An open-loop
control svstem fbllows a preset series of instruc-
tions. A washing machine is an example of an open-
loop control system because it carries out a

preprogrammed series oloperations. A closed-loop

control system uses feedback to regulate a machine

automatically. The rcrm feer/back is used because a

small part of the machine's outpur is fed back ro rhe

input to keep the machine operating within preset

limits. The central heating system of a house is an

example of a closed-loop. Information about heat

produced by the system is led back into the system

to control its operation. It operates a thermosrar

that switches the heating system on and off to
maintain a stable temperature. A thermostar is an

example of a control device. Other control devices

include sensors that respond to changes in rate of
flow, liquid level, temperature, or pressure. Signals

from these and other control devices then command

the system to adjust for the changes they sense.

See d/so COMM UN IC,{I.ION: THF,RMOS,IA I..

COI{VECTION Convection is one way in
which heat moves from one place to another. It
happens in gases and liquids. For example, a hearer

warms the air around it. As air becomes hot, it
expands. This means its density is reduced, so it
rises. As it rises, it is replaced by cooler air. Then the

cooler air near the hearter also gets warm and rises.

This movement of heated air away from a hot
object, along with the flow of cooler air toward the
hot object, is called a convecrion currenr. In this
way, warm air is moved to all parts of a room.

CONVECTION

Gliders and soaring birds gain height by using convection
currents in the atmosphere called thermals. They travel by
gliding from one thermalt0 another, regaining height in each
therma l.

CO

Convection can also take place in liquids. For

example, convection occurs in a pan of cold water

on a hot stove. As the water ncar rhe bottom of the

pan warms up, it expands and becomes lighter. The
cold water near the top of the par-r sinks, and the
heated water rises to the top. In this way, a consranr

circulation of the liquid occurs, taking heat from
the bottom of the liquid to the top. Eventually, the

heat is spread throughout the liquid. The circulat-
ing water is a convection current. The convection

current goes on until all the water has the same

temperature.

Convection is important in meteorology (the

study of the atmosphere and the weather). Vinds
are caused when hot air rises in warm regions and

cooler air rushes in to replace hot air. Convccrion is

also important to glider pilots, who try to find con-

vection currents in the air to carry them to higher

altitudes.

See nlso CON.l)UCl'rlON, HEAT.

COI{\aEX The term conuex refers ro a surface that

curves outward at the center. For example, a convex

lens is thicker in the middle than at the edges. A
magni$'ing glass is an example of a convex lens.

See rtlso CONCAVF.; I.F.NS.
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COI\IVEX

A convex lens, above, hu@ bulges,
outward at the center.

CONVEYOR A conveyor is a machine that is
used to move many objects, or people, from one

place to another. The most common form of con-

veyor is the conveyor belt.

Conveyor belts play an important role in mass

production in factories. Automobiles, and many

other complicated products, move along an assem-

bly line on a conveyor belt system. \Torkers stand

in one place, and the products to be worked on
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move past them. Conveyor belts are used at airports
to carry luggage from ticket counters to the bag-

gage roons. Moving sidewalks, which are large, flat
conveyor bclts, are used to speecl up the flow of
people on foot in some bLrildings and transporta-

tion centers, inclucling airports. Escalators, which
are moving stairs that carry people between floors

in buildings, are another form of conveyor belt.

Conveyor belts are also used in mining operations

arnd in ship and train terminals.

A conveyor belt consists of an endless belt that is

looped over two pulleys. One of the pulleys is called

thc drive pulley. lt is attached to an electric motor.

The drive pulley rotates and causes the belt to
move. The belt, which is r-rsr-rally thick rubber or
leather, travels over a series of rollers that support it
and redu.ce friction (see IrRIcrt(tN). The objects or
materials are carried along on the belt at a moder-
ate speed in a straight line . Conveyor belts can carry

materials up steeper grades, or slopes, better than

trucks or railroad trains can. In fact, the steepness

of the grade is limited only by the slope at which
the material will slide back down the belt. Some

belts have a series of raised barriers that prevent

objects from rolling back down a slope.

Some conveyor belts are flat, and objects are sim-

ply placed on them to be carried away. Bulk

CONVEYOR

Airline passengers collect their luggage from a conveyor belt
in an airport terminal. The luggage conveyor belt is an
endless loop so that suitcases are carried around again and
again until they are collected.

materials, such as wheat and sugar, are carried in
belts that are curved to form a trough. This pre-

vents the material from spilling as the belt moves.

Other types of factory conveyors consist of cndless

chains with buckets hanging from the chains at

short intervals. Liquid materials are carried in the

buckets. Another type of chain conveyor has a

series ofhooks at short intervals. C)bjects are hung

on the hooks and carried along.

CONVULSION A convulsion is a sudden,

uncontrolled, jerking muscular movement.
Convulsions also are known as seizures or spasms.

\fhen someone has a convulsion, the voluntary
muscles in the body, sr.rch as those in the face, arms,

legs, and back, contract and relax in a violent way.

Even though these muscles are normally under his

or her control, a person has no control over the

convulsive action.

Convr-rlsions are synptoms of some disorders. A

common disorder that involves convulsions is

epilepsy. Convulsions can also be caused by fever in

children, injur,v, poison, brain tumors, rabies, and

many other disorders (see EI'ILL,PSY; R{B]L,S).

Convulsions should be treated properly and

immediately. The person should be kept warm,

quiet, and relaxed. He or she should be taken to a

hospital emergency room, or an ambulance should

be called. First aid includes preventing injury from

falling, from biting the tongue or cheek, and from

striking hard objects during convulsions.

COOLING TOSIER A cooling tower is a

structure often used in industry for cooling large

amounts of hot water. In industry, a great deal of
water is used to cool things. For example, water is

used to cool engines. $Zhen warter is used this wa,v,

it becomes very hot. The water must then be cooled

before it can be returned to the cooling system or

run into rivers or other bodies of water.

A cooling tower is a device for cxposir-rg the max-

imum surface area of the water ro the air. In this

way, the water loses its heat to the surrounding air

more quickly. The water is pumped to the top of a

tower. Then it is allowed to fall on a series of devices

called baffles. "fhe baffles calrse the water to break
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COOLING TOWER

The tall, wide shape of a power station cooling tower is
carefully chosen t0 create a flow of air upward through the
tower. The air-flow cools hot water from the power stati0n's
cooling system s0 that it can be returned to the power station
and used again.

up into thin films and drops. In this condition,
water is able to release its heat to the air quite
rapidly.

There are two main kinds of cooling towers. The
open tower, or atmospheric tower, is of louvered

construction, which means that there are slits along

the walls and roof. Air is circulated through the side

walls. A chimney cooling tower is often more than

200 ft. [61 m] in height and much wider than an

open tower. A chimney cooling tower can cool

large amounts of water very quickly. In towers of
this type, air enters at the bottom and is drawn
upward by a draft. The draft is due to the higher

temperature of the water inside the tower.
Chimney cooling towers are cornmonly used in
Iarge industrial organizations, such as power plants.

Most often, the towers are made of concrete.

See also CONDL,NSL,R.

COORDINATES When a cross is made by
drawing two lines at right angles to each other, it
sets offfour areas called quadrants. Any point in a

quadrant can be represented by two coordinates
(also called rectangular Cartesian coordinates).
The horizontal line is referred to as the x-axis and

the vertical line as the y-axis. Each axis is subdi-
videcl into units.

coo
In the top part of the diagram, the red point is

three units along the x-axis and two units along the

7-axis. The coordinates of the point are written

0,21. The xcoordinate is always written first. The
point where the two axes cross is callecl the origin
and is represented as (0, 0).

Negative numbers are used to represcnt units to

the left of the origin on the x-axis and below the

origin on the y-axis. Therefore, any points in the

lower left quadrant have two negativc coordinates.

COORDINATES

The point in the upper diagram has the coordinates (3,2). The
lower diagram shows how negative coordinates are also
possible. These are called rectangular Cartesian coordinates
because there are two axes at right angles defining position.
Three or m0re axes can be used to give coordinates in
advanced math and algebra.

COORDINATION Coordination is the effi-
cient linking of activities in various parts of the

body so that the whole llnimlll works properly.
When running, for example, an animal has to move

its legs in the right wery and at just the right time to
avoid tripping itself. tWhen you want to pick some-

thing up, you have to coordinate the movcn'rents of
your bodv so that your hand goes to just the right
place. Acting on sigr-rals ft-om your eyes, your brain
"tells" your hand where to go. You can expcrimcnr
with coordination by balancing a stick on your
hand. Your eyes will tell yor-r which way the stick is
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coo
swaying. Your brain will coordinare your lnove-
menrs so that you can keep the srick upright. Tiy
this experirnenr rvith your eyes closed, and the
stick will quickly lall.

Coordination also means the efticient working of
a group of animals, such as a group of lions on a

hunting trip. If the individual lions do not work
together, they are Lrnlikely'to catch nruch food.

COOT Tl-re coot is a dLrck-sized warer bird that
belor.rss to the rail familv (Rallidae). Of the world's
ten species of coots, the American coor is the only
one lound in North America. It is l2 in. [30 cml
lorrg and has a wingspan of 25 rn. f62.5 cm]. The
American coot is grerv u,irh a black head, lobed
(scalloped) roes, and a thick, short, rvhirish bill. It
is founc'l along rhe shores of fresh water and salt
water. Coots feecl on plants and invertebrates
(animals without backbones) that they find on
shore, on the water's surface, and underwater.

COOT

There are ten species of coots in the world.

COPERNICUS (ko pfir'na kes) (1473-1543)
Nicolaus Copernicus was a Polish asrronomer. He
is ofien called thc father of moden-r asrronomy.
Copernicrrs wirs born in Torun, Polarrd. He srud,
ied medicine ,rncl theoloqy (religious rhought) at
the University of Krakow. He later str-rdiecl astron-
omv in Italv.

Before his tirne, most peoplc thought that the

Copernicus put forward the theory that the universe is
heliocentric-meaning with the sun at the center. This chart,
dating from 1708, shows the sun at the center with the orbits
of Mercury, Venus, Earth (with the moon), Mars, Saturn, and
Jupiter. The figure at the bottom right of the picture is
supposed to be Copernicus.

sun, stars, and planers revolved around a starionary
(unnroving) Earth. Copernicus, however, devel-
oped the tlleor-y rhat the sun, rlor the earth, was rhe
center of the solar system.

In his book Conceming tha Reuolutions of Celestial
Spheres, Copernicus reasoned that the sun, srars,

and orher heavenly bodies only secmed ro move
around the earth each day because thc carrh itself
was revolving.

This shocked manv people becau-se it required a

change in their whole conception of the universe. It
was difficult for them to accepr that the earrh was a

planet like any other planet and was nor rhe cenrer
of all crearion. This change of thinking is called the
"Copernican Revolution. "

Sce a/so A.S IRON()]VIY; .\Ot AR S\STEM.

COPPER Copper (Cu) is a reddish orange metal
that has been widely used for more rhan five thou-
sand vears. In ancient times, the chief sotrrce of
copper for the people who Iived around the
N4editerrirnerrn Sea r.vas the island of Cypnrs. The
metal therefcrre became knor,vn as Cyprian metal.
The worcl copper comes from the Latin word
cuprum, which was the Rornans' name for
"Cyprian metal."

446



Most copper is found in about seven types of
ores. Copper ores usually contain less than 4 per.

cent copper. These ores may contain other metals

as well, such as zinc, gold, lead, and nickel. The
main copper ores are sulfides (compounds of met-
als with sulfi-rr). T'hey include bornite, copp€r
pyrites, and chalcocite. Chalcocite is commonly
called copper glance. Oxide ores (compounds of
metals with oxygen), such as cuprite and malachite,

also contain valuable amounts of copper. Native
copper, which is almost pLlre copper, occurs very
rarely in natLlre.

About B million metric tons [7.8 million tons] of
copper are mined each year. Much of the world's

copper comes from the mountains of Canada, the
United States, and South An"rerica. Zambia and
Russia also produce much copper.

Copper can be obtained from ores in many dif-
ferent ways. The way that copper is obtained from
copper pyrites (sulfides of iron and copper) is one

basic method. Copper pyrites is crushed and
smelted (heated) to produce copper marre. Copper
matte contains from 25 to 50 percent copper. The
matte is heated, and air is blown through to oxidize

the sulfur present. The iron is removed as slag
(waste), leaving fairly pure copper.

Another common ore is cuprite. This oxide ore is

smelted with coal or coke to remove oxygen and

produce copper metal (see CoKE). Cuprite may also

be treated with chemicals that dissolve the copper
in the ore. Copper metal is then precipitated from
the solution (see pRacptlt{t't).

These methods give almost pure copper. This
copper may then be refined by electrolysis (see

L,LL,C]TROI,YSIS).

The physical properties of copper make it valu-

able to industry. One of the useful properries of
copper is its conductivity. Copper is best known for
its ability to conduct electricity. Silver is a better
conductor, but far too expensive lor common use.

Copper alloys (mixtures of metals) do not conduct
electricity nearly as well as pure copper. Impurities
in refined copper greatly reduce conductivity. For

example, 0.05 percent arsenic lessens the conduc-

tivity of copper by 15 percent (see c:ctNoucrtoN oF

FI.F,CTRICITv). Copper is also a good conductor of

CO

heat. This property makes copper useful in cooking
utensils, radiators, and refrigerators (see coNDU(.-

TION, HEAI').

Another useful property of copper is that the
metal is malleable, or easy to shape. Copper does

not crack under many difficult conditions. It can

be shaped when it is either hot or cold. Copper can

be drawn into thin wires. Copper can be rolled into
sheets less than 0.002 in. [0.05 mm] thick.

In damp air, copper turns from a reddish orange

to a reddish brown color. However, after long expo-

sur€ to damp air, copper becomes coated with a

green film called patina. Patina protects copper

against further corrosion (see CORROSION).

Vith so many different properties, copper has

thousands of uses, ranging from rain gurters to
electronic systems for rockets. Because copper is

the best low-cost conductor of electricity, the elec-

trical industry uses about 60 percent ofthe copper

produced. Large amounts of copper wire are used

in telephone systems, television sets, motors, and
many other kinds of electrical equipment.

Copper is used to make many alloys, such as brass

and bronze (see B|{A.SS; BRONZE). Copper alloys are

made into thousands of useful objects, from

COPPER

Native copper-c0pper metal n0t combined with other
elements-is rare in nature. lt is found as small, spiky
M A SSES,
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lighting fixtures, plumbing fixtures, door-
knobs, and clocks to mailboxes, pans, jewelry,

and coins.

Copper compounds help improve soil and

destroy harmful ir.rsects. In paints, copper com-

pounds help protect materials against corrosion.

Also, copper in very small amounts is vital to all

plant and anirnal life. The chemical element has an

atomic number of 29.Its relative atomic mass is

63.55. Copper melts at 1,981'F [1,083"C] and

boils at 4,652"F 12,567"C).
Se e also L.LLN4LN'l'.

COPPERHEAD The copperhead is a poiso-

nous snake belonging to the viper family (see t't't'

vtPF.R). lt can grow up rc 4 ft. [1.2 m] long, but
most copperheads rrleaslrre about 2.5 ft. 176 crnl

in length.

The copperhead has a brown and copper red

body arranged in a pattern that resembles hour-

glasses placed side by side. It lives in the eastern

Ur-rited States ancl cat-r bc found as far west as 
-ltxas

and Kansas.

The copperhead eats mostly rodents and other

small animals, such as frogs. It finds its warm-
blooded prey by using the temperature receptors

located in the deep pits halfway between its eyes

and nostrils, and it can do this in total darkness.

The venom (poison) of the copperhead, like that of
its close relatives the rattlesnake and cottonmouth
(water moccasin), causes internal bleeding in its
victims. The copperhead usually has between three

and seven live young in August or September.

COPPER SULFATE Copper sulfate (CuSOa)

is a salt formed by treating copper oxide (CuO)

with sulfuric acid (HrSO+). Known commercially

as blue vitriol, copper sulfate forms as large, bright
blue crystals containing molecuies of water. The

water-free salt is white and obtained by heating the

blue crystal form to 300"F [150'C].
Copper sulfate is used mainly in agriculture as a

pesticide (pest killer), feed additive, and fertilizer
(substance that adds nutrients to soil). It is also

used in the manufacture of other copper com-

pounds (substances made of two or more

elements), in dyeing, in batteries, and as a preserv-

ative for leather and wood. In addition, copper sul-

farte is used to kill algae that foul walter tanks. 'l'he

compound is also used in medicine to kill certain

types of fungi and bacteria, and in treating ccrtain

kinds of poisoning.

See also COPPER.

CORAL Coral is a sea animal that belongs to the

class Anthozoa of the phylum Cnidaria (see

CNIDARIA) . Corals are small, invertebrate orgauisms

with short tentacles (see INVL,RIEIIILATF.). Corals

make and livc in hard, stot'ty cups. Because most

corals live in large colonies made up of millions of
individual animals, these hard cllps grow together

and form mounds. \71'ren a coral dies, the cup in
which it once lived remains. New coral grows ot.t

top of it, causing the mound to become larger. Veri,

CORAL

Coral colonies grow in an amazing variety of shapes, many of
them branched lil<e colorful plants. Here, y0u can see several
different kinds of corals growing together on a coral reef. The
large one in the middle is called a brain coral because its
surface looks like a human brain.



large reefs (narrow ridges at or near the water sur-

face) are formed in this way, but they can grow only

in clear, warm seas. The largest coral reef in the

world is the Great Barrier Reef off the coast of
Australia. The Great Barrier Reef is 1,250 mi.

[2,010 km] long.

Coral reefs can be dangerous to ships, which may

hit them and sink. However, coral reefs offer pro-

tection and food to many other plants and animals.

Large numbers of fishes and invertebrates live

among coral reefs. The South Pacific Ocean is

famous for its coral reefs. Coral mrry be for-rnd as

fossils in some inland parts of the United States.

It grew there when the ocean once covered much

of the land.

See ako ATOI-t-; I-lML,S'lONh.

CORAL SNAIG The coralsnake is a poisonous

snake that bclongs ro the family Elapidae. It is

related to the cobra (see coBRA). Only two species

of coral snake live in the United States. The larger

of thc two reaches about 42 tn. [105 cm] in length.

Both have a small, blunt head and a body ringed

rvith yellow red, and black bands. The red bands

always touch the yellow ones. Several harmless

snakes have similar colors, but the red does not
touch the yellow. Other species of coral snakes, with
various patterns, live in Central and South America.

Coral snakes have a venom (poison) that affects

the nervous system of any animal that is bitten by

the snake. The snake does not squirt the venom but
must chew on the victim to mix the venom with
the victim's blood. Frogs, lizards, and other snakes

are the main food of the coral strake.

CORAL SNAKE

CO

CORE The central part of the earth is called

its core. The diameter of the core is 4,200 mi.

[7,000 km], slightly more than half of the earth's

diameter. The outer edge of the core is liquid and

its temperature is approximatelv 7,600'F
14,200"C). At the center of the core the tempera-

ture is not much greater, about 8,500'F
14,700"C]. The pressure at the center frorn the

overlying rock and metal of the earth is so great

that the core material is squeezed into the solid
state (see t-teun); soltD).

The core consists mostly of iron, mixed with
smaller amounts of nickel and other elements.
\When the earth was first formed 4.6 billion vears

ago, it was heated up by energy released from the

bombardment of meteoric material (see MITLOR)

left over from the lormation of the planets, and by

its own radioactive elements (see RADIOACTIVITY).

Because of its high temperature, the material of the

voung earth was soft. Materials that were ntore

dense (having more mass per unit volume) sank

toward the center. So the iron in the eartl-r settled

inward to lorm the core. 'lbday the core's heat is

maintained by radioactive heating.

The liquid metal of the outer core is a good con-

ductor of electricity. The rotation of the earth

sets up circulation in this liquid outer core. The cir-
culation generates electric currents. Thcse currents

prodr-rce the earth's magnetic field (see coMPASS;

MAGNF-]'ISM).

Outside the core lies the solid rock of the mantle,

which is 1,800 mi. [2,900 km] thick. Above the

mantle lies the rock of the earth's crust, which
makes up the continents and the ocean floor. lt is

impossible to drill to the core because thc clistance

from the surface is far too great. But geologists have

learned a great deal about the core from its effect on

earthquake waves. The two types of earthquake

waves that travel through the interior of the planet

are called P (pressure) waves and S (shear) waves.

The P waves can travel through liquid, but the S

waves cannot. Because P waves can travel througi]

the core, but S waves cannot, earth scientists clis-

covered that the core mlrst be liquid.
See A/so CRUST; FARI.II(]UAKL,; NlANTI,F,; PI,ANFTS;

St--IS\,IOL(X;Y.
This is the eastern coral snake. lt lives
United States.

in the southeastern

449



COR

CORIOLIS EFFECT

Because of its spherical
shape, the surface of the
spinning Earth is moving
fastest at the equator.
Anything traveling north or
south from there starts with
an initial push toward the
east and so is deflected in
that direction as it goes.

CORIOLIS EFFECT The Coriolis (kor'e o'-
lis) effect is the effect of the earth's rorarion on the
motion of anvthing traveling across it. The Coriolis
effect was first described by the French physicist
Gaspard de Coriolis in the lB30s. Engineers take
the Coriolis effect into accounr when planning the
flight path of a missile or rocket.

The movement of wind currents from the poles

and the equaror shows the Coriolis effect. The
winds try to move in a straight line. However, the
earth's rotation causes them to be deflected. \)7inds
blowing toward the equator curve to the west.
Winds blowing away from the equator curve ro rhe
east. The Coriolis effect also influences the direc-
tion of ocean currents.

This influence can affect the climate of a region
by bringing cold or warm warer ro its shores. The
Gulf Stream in the Atlantic Ocean is an example. It
starts by flowing north from the Caribbean Sea but
then curvcs eastward toward Europe, thus warming
the southern coast of England.

CORK Cork is the lightweight, spongy material
found in tree bark (see BARK). It is waterproof and
resistant to many harmful chemicals. Cork cells are

dcad, air-filled cells with rhick, waxy walls. Most
commercially r-rsed cork comes from the cork oak
tree, an evergreen member of the beech family.'fhe
cork oak comes from the Mediterranean countries,
especially Portugal, which produces over half the
world's cork, but is also cultivated in India and the
western United States. It may grow as tall as 60 ft.

[18 m] and live to be four hundred years old.
(Jnce the cork oak is about rwenty years old, it is

rcady to be stripped of its cork. The cork is
removed in wide strips about 1 in. 12.5 cml thick.
It is then boiled and flattened for export. The cork-
producing tissue, the cork cambium, replaces the

cork within eight to ren years, when the tree is

stripped again (see CAt\{BIUlvt).

Cork was used as early as 600 n.c. by the Romans
for sandals and for floats For fishing nets. It is now

used mainly for insulation, soundproofing, and

bottle stoppers. A cork paste is usecl to make
linoleum for floors. Cork is also stillwidelv used for
shoe soles and floats.

CORMORANT (k6r'mar anr)A cormoranr is a

fish-eating bird that belongs to the family
Phalacrocoracidae. Cormoranrs have webbed feet,

long necks, and slender, hooked bills. They are

excellent underwater swimmers. Cormorants are

able to stay underwater for a long time while catch-
ing fish. Six species of cormorants are found in
North America. They are found along the Pacific,

Atlantic, and Gulf coasrs.

CORMORANT

After diving, cormorants often stand with their wings
stretched out for a while. This helps them to get dry.

CORN Corn is an annual plant belonging to the

grass family and is the mosr important cereal crop
in the United States. Although cultivated in tem-
perate areas throughout the world, corn is native ro

North America, and now covers about 84 million
acres 137.5 million hectaresl of the United States.

More thmn 50 percent of the world's corn is grown
in the United States (see ,txNual l)r.ANT; cL,RF.AL

CROP; (lR{SS).

The corn plant grows as rall as 16.5 ft. [5 m] and

usr-rally has prop roots for exrra sllpport (see RoOT).
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This well-filled corncob,
with the remains of the silks
atthe top, shows how the
kernels are arranged in

neat rows. The enlarged
single kernel beside it has
been cut open to show the
embryo atthe bottom. Most
of the kernel consists of the
endosperm, which is a food
supply rich in starch and oil.

Corn has both male and female flowers on the same

plant. The male flowers form at the top of the stem

in long spikes called tassels. The female flowers are

the young ears, which grow lower down on the

stem. Each ear is enclosed by a protective husk

made of long, thin leaves. The ear consists of a

corncob with an even number of rows of kernels.

The kernels are the seeds of the corn plant. A thin,
threadlike stigma runs from each kernel to the end

of and out of the husk. 'l-hese threads are called

corn silk. Pollen from the stamens of the tassels

sticks to the corn silk in pollination. A corn plant

can pollinate itself or can pollinate another plant.

Once pollination has taken place, the kernels begin

to develop. Each kernel is made up of an embryo

with an endosperm, surrounded by a protective
hull (see POt.t.INATION).

About 65 percent of the corn grown in the

United States is fed to livestock. The rest of the

corn is used for human food and other products.

Americans eat an average of 4416. [20 kg] of corn

per person per year. (lorn cat'r be cooked in many

ways or can be processed into cornmeal, corn oil,

cornstarch, popcorn, or corn syrup. Corn syrtrp is

the most widely uscd sweetener in the United
States. It is added to a variety of food and cosmetic

products, from jr-rice and soft drinks to mouthwash

and toothpaste. Other uses for corn and parts of the

corn plant include corncob pipes, insulation, fuel,

adhesives, and alcohol.

Most of the corn grown in the United States is

hybrid. It has been specially bred to give it a greater

resistance to disease and pests. Hybrids are stronger

and produce more corn per plant. Some hybrids

CO

have been bred that are easier to harvest by machine
(see nnsEorNG; HYBRID).

Native Americans grew corn for centuries before

the first European settlers arrived in America. Corn
was one of the most important food crops and was

an important part of the Native Americans' reli-

gious ceremonies. Early color-rists used corn for
money as well as for food. Remains found in
Mexico indicate that corn has existed for at least

sixty thousand years.

CORONA The corona is the low density outer

atmosphere of the sun or any other star. The sun's

corona varies in size and can extend millions of
miles into space. Its temperature averages about
4,000,000"F [2,200,000"C1. Holes in the corona

allow the solar wind to constantly flow toward the

earth (see SOLAR wlND). The outer part of the

corona can be seen as an irregular, glowing halo

that is only visible during a solar eclipse. In a solar

eclipse, the surface of the sun is hidden from Eartht
view by the moon.

See also [,C].IPSF,; STAR; SUN.

CORONA

The glowing haze of the sun's corona streams out f rom
behind the dark disk of the moon during a solar eclipse.
Normally the sun's glare is too intense to allow us t0 see the
c0r0na.
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CORROSION Corrosion is the chemical
process by which substances, especially merals,

waste away. Corrosion is often the cause of great

waste and expense. Also, structures such as bridges,

when corroded, can be dangerously weakened.
'I'here are four main groups of chemical agents that
cause corrosion: oxygen and oxidizing chemicals,

acids, salts, and bases (see RCrn; BASE; OXIDAl'tON

AND REDUC'l'lON; SALT).

A common example of corrosion is the rusting of
iron. This takes place in damp air. Iron is attacked

by oxygen in the air. The surface of iron is changed

to an iron oxide. However, corrosion from the air is
not caused only by oxygen. Pollutants such as

ozone and nitrogen oxides are powerful oxidizers.

In addition, many chemicals that pollute the air
unite with water to form acids. Acids rapidly cor-
rode many metals and building stones. The pollut-
ing chemicals come from fuels burned in vehicles

and factories (see AcllD RAIN; POLLU't'tON).

Materials in things such as boats and ships are cor-
roded by the salt in seawater.

CORROSION

Rusting is one of the m0st c0mmon types of corrosion. Rust
is produced when water and air react chemically with iron
or steel.

Several metals that are resistant to corrosion by
acids are easily corroded by bases. The bases that
pollute the atmosphere are usually products of
industrial processes.

The most common way ro protect a metal from
corrosion is to coat the metal with materials. such

as paint and varnish, that keep the attacking sub-

stances out. Sometimes efforts are made to
remove the attacking substances from the envi-
ronment to which the materials are exposed.

Corrosion can also be prevented by plating the

metal with another metal that is self-protecring or

with one that draws the corrosive attack on itself
(see GALVANIZINC).

Some metals, such as aluminum, nickel, and

chromium, grow their own protective coars.

Exposed to the air, they begin to corrode, forming
oxides on their surfaces. However, the oxides are in

the form of hard and durable films that stay in place

and do not flake away. Also, they do not ler the air

through to the metal underneath, so that corrosion
stops. The noble metals, such as gold and platinum,
are not oxidized by damp air (see NOBLE METAL).

See also xusT.

CORTEXThe cortex is a ring of cells in the roots

and stems of vascular plants. It is located between

the epidermis (the outermost layer of cells) and the

vascular tissues that carry food and water around

the plant, and it varies a great deal in thickness.

There are usually air spaces in it, to allow oxygen to

reach the inner regions, and the outer cells of the

stem cortex usually contain chlorophyll (see

CHLOROPHYLL; VASCULAR PI,ANT).

In animal and human anatomy, cortex refers to

the outermost part of a certain structure, such as

the brain.

See also ADRENAI. GLANDS; BRAIN; KIDNEY.

CORUNDUM (ke r[n'dam) Corundum,
chemically known as aluminum oxide (Al2O3), is

the second hardest pure mineral. Only diambnd is

harder. Corundum is found in metamorphic and

igneous rock and in sediments (see l,ttNtRRt-; ROCK).

Some transparent corundums are used as gem-

stones. Cemstone corundums come mainly from

India, Africa, and Russia. They include ruby, sap-

phire, Oriental amethyst, Oriental emerald, and

Oriental topaz. The colors of the gemstones are

caused by impurities in the corundum. For exam-

ple, the blue of sapphire is caused by iron and tita-
nium, and the red of ruby by chromium.



Nontransparent corundum, mined chiefly in
Tlrrkey and Greece, is used as an abrasive for pol-

ishing and grinding various materials. Emery, a

common abrasive, is a dark mixture of corundum,
magnetite. and hematite.

See a/so ABRASIVL,; HARDNF,SS.

CORUNDUM
Being one of the hardest of minerals, corundum is widely
used as an abrasive. Tough paper or cloth is coated with fine
corundum particles mixed with particles of iron ore to make
emery paper,0r emery cloth, and is used for polishing.

COSMIC RAYS Cosmic rays are streams of tiny
particles that constantly enter the earth's atmos-

phere from outer space. They consist mainly of
nuclei of atoms, especially those of hydrogen
atoms (see Arov). Cosmic rays often travel at the

speed of light, which is 186,282 mi.1299,792 kml
per second.

The existence of cosmic rays was proven in 1912

by Victor Franz Hess, an Austrian physicist. Hess

sent gas-filled chambers aloft in a balloon. He
found that the higher they went, the more ionized

the gas became (see IONS AND IONIZATION). He

decided that the ionization must be caused by a

form of penetrating radiation that was coming
from outer space.

There are two main types of cosmic rays: primary
rays and secondary rays. Primary rays originate in
outer space. Some are produced by solar flares and

similar disturbances on other stars (see SuN). Most

primary rays are thought to result from the explo-

sion of stars called supernovas (see SUI'ERr.-olR) .

Because of their electric charge, the particles in
most primary rays are deflected (turned aside) by

the earth's magnetic field and so are kept from
entering the earth's atmosphere. The small number

that do penetrate the atmosphere often collide with
the nuclei of atoms in the air. This collision pro-

duces secondary cosmic rays. These make up most

of the cosmic rays that reach the earth's surface.

See also Id{DIATION.

COSMOLOGY Cosmology is the study of the

nature, size, origin, and evolution of the universe.

Although astronomers have not determined the

exact size ofthe universe, they have detected objects

as far away as 10 billion light-years. A light-year is

the distance light travels in one year, about 6 tril-
lion miles [9.5 trillion kilometers]. In the observ-

able universe, there are an estimated I billion
galaxies, each containing an average of 100 billion
stars (see cIALAXY).

The universe seems to be expanding and the

galaxies all moving away from each other. The big

bang theory of how the universe was formed was

proposed to explain this expansion. According to
this theory, the universe began with a gigantic
explosion between 7 and20 billion years ago, when

all matter and energy were created in an instant.

The extremely high density of the newly created

particles and radiation would have caused them to

expand rapidly. As they expanded, they cooled and

after about three minutes had formed atomic
nuclei, mostly of hydrogen and helium. Over mil-
lions of years this matter condensed into stars arnd

galaxies (see BIG BANG THEOnv). The steady state

theory suggests that there never was a big bang and

that the universe has always been made up of a con-

stant number of galaxies and that it always will be.

Individual galaxies fade out as their stars die, but
new galaxies are formed to replace them. This the-

ory is not supported by modern astronomers. The

branch of cosmology dealing with the nature and

history of the heavenly bodies is called cosmogony.

See a/so UNIVF.RSL,.
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CorroN
Th. .ot,o,r plant produces fibers that provide the
most common material used in clothing. Cotton
clothes were used as early as 6000 n.c-. by the Aztec

L-rdians in Mexico. Ancient Greeks and Romans
described cotton as "the fleece oltiny lambs grow-
ing on trees." It was not u.ntil the eighteenth cen-

tury, however, that cotton cilnrc inro common use.

In 1793, the cotton gin was invented by Eli
Whitney (see wHt-rNnv, ut-t). The cotron gin is a

machine that renoves the cottonseed from the
fibers. 'fhis made the production of corron much
less expensive. -loday, most of the planting and har-
vesting is done by rnachines, and cotton has

become a multibillion dollar industry involving
more than five million Americans.

There are about rwenry species ol cotton plants,
but only four are cultivated. Of these, upland cot-
ton accounts for 90 percenr ofthe corton produced
in the world. l'he United States ranks rhird in cot-
ton production behind Russi:r and China. Cotton
is grown throughout the world in tropical and sub-

tropical regions.

Cotton plants are shrubs from rhe mallow family.
They may grow 3.3 to 6.6 ft. [1 to 2 m] tall. They
have long tap roots and broad, lobed leaves (see

ROOT). The cotton flowers are white and live for
only one day. Before they die, however, they change

color from white to pink to blue to purple. During

this time, the flowers pollinate themselves (see

POLLINATION).

When the flower dies, the fruit, or boll, develops.

It takes about two months for the corron boll to
maturc into a round, green structure measuring
about 2 in. 15 cml in diameter. Inside the boll are

many small seeds and the cotton fibers. The fibers

are about I.25 in.13 cm] long and are 90 percenr

cellulose (see CF.l.t.ULOSu). 'fheir function is to help

to scatter the seeds, but the farmers harvest the

bolls before the fibers can be blown awav.

The cotton plant has many important uses. Each

person in the United States uses an average of 20lb.
t9 kgl of cotton and cotton products every year.
'I'he cotton fiber is used in textiles for clothes, rugs,

sheets, bandages, and bookbindings. The
cottonseed can be squeezed for an oil used in mar-

garine, salad oil, and an ice-cream-like dessert

called mellorine. Less than 10 percent of the cot-

tonseed oil is used for nonfood products, such as

soap. Cotton meal is the solid left after the oil has

been removed from the seed. This rneal is often
used for livestock feed or is processed into a flour
for human use. As well as the long fibers, the

DEFOLIANT
Mature cotton plants are sprayed *itf' Oetotiunt chemicals to
remove the leaves before the harvesting machines move in to
pick the fluffy bolls.

\
FLOWERS AND BOLLS

Cotton plants grow quickly and soon produce
white flowers. When the bolls are ripe, they split
0pen to reveal fluffy white cotton. This is when
harvesting must start.
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HARVESTING

Cotton was once picked bY

hand, but machines now do

the Job much more quicklY.
The cotton is picked and
then the fluffy bolls go into
big trailers and are taken to
the cotton gins.

LINT
Afrcr harvesting, the cotton bolls are taken t0 the cotton gin,

where the cotton fibers, called lint, are separated from the

seeds and the husks. The lint is then pressed into large bales,

as shown here, before it is spun into thread.

cottonseed has a short luzz called linters' Linrers are

used in making plastics, explosives, medical cotton,

and stuffing for cushions.

Cotton farmers lose about 20 percent of their

crop to pests and disease. Boll weevils account for

90 percent of the damage by pests. Other pests

include bollworms, aphids, and thrips (see Rt'HItl;

BOLL W'L,f.VlL; B()Ll.W'OIlN{; 'lllRlP). Many of these

insects have developed a resistance to the insecti-

cides usr.rally sprayed otr the bolls, fbrcing farmers

LOOMS

When the cotton has been spun into thread or yarrl, it can be

woven into a wide range of fabrics, from sheets and curtains
to handkerchieves and bandages. Here, the cotton is being

woven into a long roll of curtain material on a large loom.

to try other means ol insect control. In addition,

microscopic worms called nematodes may attack

cotton plant roots and expose them to disease'

Most of these diseases, such as blight, are caused by

fungi. Farmers use various lungicides to try to con-

trol the diseases (see luNc,US; NEN4ATODE).

Scientists are experimenting with selective breeding

techniques in an attempt to develop plants with

greater resistance to pests and disease.

See a/so BRL.EDINCI.
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COTTONMOUTH The cottonmouth is a

poisonous snake that belongs to the pit viper fam-
ily. The snake is called a cottonmouth because the

inside of its mouth is white. The cottonmouth is

sometimes called a water moccasin. It can grow to
lengths of 60 in. [150 cm] but is usually some-

what smaller. Cottonmouths are dark brown
above and lighter below, with dark bands across

their bodies. They closely resemble nonpoisonous
watcr snakes. Cottonmouths are found in the
southern and central United States. They live in
swamps and along rivers, where they eat fish, rep-

tiles, and small mammals. They are dangerous to
humans.

COTYLEDON (kot'l ed'n) The cotyledon is a
part of the embryo plant, which is the undeveloped

plant still wrapped up in the seed (see EMBRYo).

The cotyledon is also called a seed leaf. In many

young plants, it is the first leaf to appear above the

ground. The seeds of pines and other conifers may

contain more than 20 cotyledons. Flowering plants

are divided into two major groups according to the

number of cotyledons in their seeds. The dicotyle-
dons, which include beans and cabbages, have two
cotyledons. The monocotyledons have only one.

Monocotyledons include corn and all other grasses,

and most other plants with long, narrow leaves (see

COTI'I-EDON
This seedling clearly shows the two seed leaves or
cotyledons characteristic of the dicotyledon group of
flowering plants. The young shoot carrying the first true
leaves is growing up between the cotyledons, which will
wither when the true leaves open and start to make food.

DICOI'YLEI)ON; MONOCOTYLEDON). In some seeds,

including peas and beans, the cotyledons are thick
and fleshy, and they are packed with stored food. In
many other seeds, the cotyledons are thin and much

more leaflike. The food is stored around them in a

tissue called endosperm (see l,NtlclsI'L.RM).
tJThen seeds start to grow, the cotyledons may

stay underground, as with peas and broad beans, or

they may grow aboveground, as with French beans

and cabbages (see GERMINATION). Cotyledons
appearing aboveground may turn green and start to
make food by photosynthesis, but they do not last

very long. They die as soon as the true leaves open

and start to make food (see PHOTOS\NTHESIS).

See also PLAN'l' KINCII)OM.

COULOMB (ko-o'l5m') A coulomb is a unit of
electricity. One coulomb is the electric charge that

flows past a point in an electrical circuit in one sec-

ond when the current is one ampere. Ampere is the

unit that measures the strength of a current or the

rate at which charge flows. A coulomb is equal to

the charge on about 6 quintillion (6 x lgts) elec-

trons. Electrons are fundamental "particles of elec-

tricity." The coulomb was named in honor of
Charles de Coulomb, a French physicist.

See AIso AMPF,RF-,; C]OUI-OMB, CHARLES DE; CURREN.I,

ELECTRIC.

COULOMB, CHARLES DE (1.736-1806)

Charles de Coulomb was a French scientist and

inventor who made important contributions to the

fields of electricity, magnetism, and friction. He

formulated Coulomb's law, which states that the

force between two electric charges, or magnetic

poles, varies inversely as the square of the distance

between them.

Coulomb invented a device called a torsion bal-

ance to measure the force of magnetic and electri-

cal attractio n.In 1779, he received a prize from the

Royal Academy of Sciences for a paper on magnetic

needles. Two years later, in 1781, the academy

awarded him another prize for a paper titled Theory

of Simple Machines. The unit of quantity of electric

charge, the coulomb, was named in his honor.

See also COULOMII.

456



COUSTEAU, JACQUES-YVES (1ero- )

Jacques-Yves Cousteau is a French oceanographer,

motion picture producer, and author. He has devel-

oped many techniques for undersea exploration. In
1943,he helped invent the Aqua-Lung, a self-con-

tained breathing device that allows a diver to move

about freely underwater for long periods of time.
Cousteau also built the first underwater diving sta-

tion and an underwater observation vehicle called

the Soucoupe Plongeante (diving saucer).

Starting in 1951, Cousteau explored the world's

oceans in his research ship Cdlypso. He invented a

process for using a camera underwater and used

this technique to film the popular television series

The Undersea World ofJacques Coustedu.

Cousteau wrote books on sea life that have been

translated into several languages. These books
include: 'I-he Si/ent WorLl (1953), The Liuing Sea

(1963), and World Without Sun (1964). Cousteau

has been active in marine conservation. He has spo-

ken out often about the killing of whales and seals.

In 1960, he and Prince Rainier Ill of Monaco
protested against France's plan to dump radioactive

wastes into the Mediterranean Sea. French officials

abandoned the plan soon after the protest.

See A /so OCT.-ANOGRAI)HY.

CO\ITBIRD A cowbird is a bird that belongs to

the blackbird family, Icteridae. lt is about 7 in.

[17.5 cm] long. Cowbirds were named for their

habit of following grazing cows in the pasture and

eating the insects that the cows stir up from the

grass. There are two species of cowbirds in North
America. The bronzed cowbird is found only in
parts of the southwestern United States and

Mexico. It is dark brown with black wings. The

brown-headed cowbird is found throughout the

United States, Canada, and Mexico. Males have a

black body with a brown head. Females are dull
brown. Cowbirds are known for their practice of
laying eggs in the nests of other birds. The cowbird
never rerurns to the nest. The bird that built the

nest hatches and raises the young cowbird with the

other hatchlings of the nest.

See a /so BI.ACKBI Rt); PARASI'l'L,.

COSIRIE A cowrie is a sea snail whose egg-

shaped shell has a long, narrow slit on the under-

side. There are over 150 different kinds of cowries,

ranging in length from about 0.5 to 6.0 in. [1.3 to
15 cml. They are all carnivorous (meat-eating)

creatures feeding on corals, sea anemones, and

sponges. Nearly all of them live in shallow coastal

waters of warm seas. The shells of manv species are

brighdy colored, and so smooth that they look like

china. Some kinds of cowries are very rare and their
shells are worth hundreds of dollars to collectors.

Cowrie shells were once used as money in China,
Africa, and India.
See rtlso SHF,l.l.t SNAIl..

COWRIE

The cowrie is a type of
mollusk that lives on the sea
bottom. The colorful shiny
shells of cowries are valued
by collectors.
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COYOTE The coyote is a carnivorous mammal
belonging to the same family as the dog and the

wolf (see CARNIVORE; MAMMAL). Coyotes adapt

well to environmental changes and are found in the

central and western regions of North America from
Alaska through Mexico.

The coyote is 16 to 20 in. [40 to 50 cm] tall at the

shoulder and weighs as much as 55 lb. 125 kgl. It
has soft, yellowish black fur and a bushy tail. The
coyote has very keen senses and feeds mostly on

rats, gophers, and other rodents. Because coyotes

also attack stray livestock, they are often hunted
and trapped by farmers. Coyotes are also called

prairie wolves.

COYOTE

The coyote is famous for its howl, which is most often heard
at dusk and at dawn. Several coyotes often howl together and
the sound is quite spooky as it rings over the countryside.

CPU The CPU (Central Processing Unit) is the

part of a computer where instructions are inter-
preted and carried out. It directs and coordinates

operations throughout the whole computer. It con-

sists of rwo main parts, a control unit and an arith-
metic/logic unit (ALU). The control unit controls

operations within the computer according to
instructions stored in the computer's memory. The
instructions are in the form of a binary code (see

BINARY NUMBERS). The code contains details of
what the computer must do and where the data nec-

essary to carry out operations is stored in the com-

puter's memory. The control unit responds to these

instructions by sending commands to the ALU.
The ALU receives data from the computert mem-

ory, performs calculations on them, and sends the

result back to the memory. The result may also be

sent to an output device such as a monitor screen.

The movement of data berween the memory and

the ALU is controlled by the CPUI control unit.
The CPU of a personal computer is contained
within a single silicon chip, the microprocessor.

See also COMPU'l'ER.

CRAB A crab is an animal of the crustacean class.

Crabs and other crustaceans belong to the phylum
Arthropoda (see ARI'HROI'}ODA; CRUSTACEAN). The

crab's body is covered by a hard shell and has five

pairs of jointed legs. Usually, the front pair of legs

has strong, pincerlike claws. The crab usually walks

sideways. It swims either sideways or backwards.

Some crabs live in fresh water, but the great major-
ity of the 4,500 or so species live in the sea. They
eat almost anything they can find, including dead

animals and other decaying matter.

A single female crab may lay between one million
and five million tiny eggs at one time. Crabs hatch

from their eggs as tiny larvae that swim freely. They
soon undergo bodily changes and enter a second

larval stage. During this stage, their adult form
slowly develops. Many species molt-that is, shed

their shells-weekly or monthly as they grow.

Some species increase their size by one-third each

time they molt. They stop molting after reaching

maturity during their second or third year (see

LARVA; MOLTING).

Some crabs live in shallow waters along the shore.

Others live in deep waters. For example, the fiddler
crab lives in burrows in the banks of salty tidal
streams. The male fiddler crab has one claw much

larger than the other and waves it about to attract

females.

The smallest crabs are the tiny pea crabs, or oyster

crabs, whose shells are only rt+ in. 16 mm] across.

The female pea crab lives in the shells of live oysters.

The hermit crab sticks the hind end of its body,

which is soft and unprotected, into an empty snail

shell and drags it around wherever it goes. As the

crab grows, it changes the shell from time to time

for a larger one.

The blue crab is the most common crab sold as

food in markets of the eastern United States. \When
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these crabs have shed their shells, and the new

ones have not yet hardened, they are sold as soft-

shelled crabs.

The Alaska king crab is caught by American and

Japanese fishing crews. As one of the largest crabs,

its 12-lb. [5.4-kg] body supplies much meat.
Largest of all crabs is the Jmpanese spider crab.

Some of these crabs have been found to have a claw

span of 12 ft. [3.6 m].

CRAB NEBULA The Crab Nebula is a huge

cloud of glowing gases that lies in the constellation

Thurus. It is about 6,500 light-years from Earth
(see CONSTELLATION; LIC]HT.YtsAR).

The Crab Nebula is the result of a violently
exploding star, called a supernova. In the year

1054, the Chinese observed a supernova explosion

in the constellation Taurus. What remains from
that explosion today is the crab-shaped gas cloud
called the Crab Nebula.

See also SUPERNOVA.

CRACKING Cracking, or pyrolysis, is the
breaking up of chemical substances by heat.
Cracking is a common practice in petroleum

4,, ti.. ,

CRAB

The hermit crab (top left)
commonly uses a whelk
shellfor its home. The pea
crab (top right) has a very
smooth shell- otherwise it
would irritate the oysters in
whose shells it lives. The
shell of the giant spider
crab (left)from Japan is
only 12 in. [30 cm] across,
but its outstretched claws
often span more than 10 ft.
[3 m]. This crab lives in

deep water and is
sometimes called the "stilt
crab."

refining. One rnethod of crackir"rg is called thermal

cracking. Thermal cracking is the use of steady heat

and pressure to break down heavier hydrocarbons

into lighter ones, such as gasoline (see HYDROCIAR-

BON). The oil industry first usecl this process in
1913. -l'hermal cracking increases the quality and

quantity of gasoline obtained from crude oil.
Most cracking in petroleum is done with the help

of a catalyst (see clATAl.Ys'r'). Catalytic cracking, also

called cat cracking, produces more gasoline of
higher quality than thermal cracking. Catalytic
cracking was developed in l92B and came into use

in the 1930s. In this process, petroleum engineers

pass petroleun vapor over a mixture of alumina
and silica, certain kinds of clay, or other catalysts.

Fluid cat cracking is the process most widely used

in petroleum refining. Refineries began using this

method in 1942.In this process, a powdered cata-

lyst moves through the petroleum as a fluid. Fluid

cat cracking is used to produce aviation gasoline,

raw materials for synthetic rubber, and other petro-

leum products. The method is now a standard
practice in the chemical industry and many other
industries.

See also GASOLINF,; PF.TROI.F,UM.
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CRANE A crane is a tall bird that belongs to the

family Gruidae. It has long legs, a long neck, and a

long, slender bill. Cranes may grow as tall as 45 in.

1112.5 cml and have a wingspan of 90 in.

1225 cml. They eat insects, frogs, and small
rodents. There are about sixteen species of cranes

around the world, but only two live in North
America. The whooping crane is endangered, with
only about 200 birds alive today (see uNoaNGERED

sPEc.tEs). The bird breeds in Canada in the summer

and spends the winter on the coast of Texas. The
sandhill crane is more common and can be found
over a wide area of North America and also in
Siberia. Biologists have studied both types of North
American cranes and have learned how to raise

them. It now appears that the number of these

beauriful birds is again increasing.

mounted on a vehicle with wheels or tractorlike

tracks. Crawler cranes can lift loads of up to 72 tons

[80 metric tons] and can have boom lengths of
170 ft. [50 m] or more.

Another type of crane familiar to those who live

around urban construction is the hammerhead

crane, sometimes called the tower crane. It is used

in the erection of tall buildings, such as skyscrapers.

It has a long horizontal jib that is cantilevered and

mounted on a tower (see CAN'I'ILF,VER). The tower

can be raised by jacking it up, floor by floor, as the

building becomes taller. The load is suspended

from a trolley that moves along the jib.

Other mobile cranes are the creeper cranes used

in the construction of steel-arch bridges and the

climbing cranes used in the construction of the

towers for suspension bridges.

I

CRANE

The whooping crane is one of the world's rarest birds. Crane
chicks can walk soon after hatching, but they cannot f ly until
they are aboutthree months old.

CRANE (MACHINE) A crane is a machine

that can lift and move heavy loads. It is used mainly
in the construction of buildings and other projects.

A crane has a long, movable arm called a boom or
a jib. The machine's name comes from its resem-

blance to the crane bird, which has a long neck.

There are two basic kinds of cranes: those that are

fixed and those that are mobile. The mobile cranes

are more common. 'fhe crawler is a mobile crane

CRANE (MACHINE)

Cranes lift materials up to workers at the t0p of tall
construction projects.



CRANE FLY Crane flies are slender flies with
two glassy wings that are often cloudy or spotted.

The flies have thin antennae and long, very fragile

legs that break off easily (see ANTENNAE). Crane

flies have wingspans of 0.25 to 3 in. [6 to 75 mm].
Crane flies live in all kinds of places, but are espe-

cially common on grassland. Their larvae live in the

soil and are sometimes called leather jackets. The

larvae of some species do considerable damage to

the roots of grasses and other plants.

See also LARVA.

CRANE FLY

Like alltrue flies, crane flies
have only a single pair of
wings. They are common in

the fall, when the females
lay their eggs in grasses
and lawns. The larvae that
hatch from the eggs often
damage plant roots.

CRAPPIE A crappie is a freshwater fish that
belongs to the sunfish family, Centrarchidae (see

suNFISH). The crappie has a deep, flat body with
broad fins. It may grow to lengths of l2 in.

[30 cm]. There are two species of crappies: the

white crappie and the black crappie. They were

originally found in central and eastern North
America but have been introduced throughout the

continent. The black crappie, also called a calico

bass in some places, is the more widespread species.

CRATERA crater is a funnel- or cup-shaped hole

formed in the surface of a celestial body, such as the

earth or moon. For example, the crater Clavius on

the moon is about 4 mi. 16.5 kml deep and has a

diameter of 146 mi. 1235 kml. Some craters on

Earth are formed by the impact of meteorites, solid

objects from space that hit the earth (see METEoR).

For example, Meteor Crater in Arizona is about

600 ft. [183 m] deep and has a diameter of 4,200 ft

[1,280 m] . However, most craters on the earth lie

at the top of volcanic cones (see voLCANo). Some

volcanic craters are formed as magma (molten

CR

rock) from erupting volcanoes hardens and builds

up around the openings of the volcanoes. Other
volcanic crate rs, such as Crater Lake in Oregon and

Kilauea in Hawaii, are formed when the top of the

volcano sinks because the level of magma under-

neath has decreased due to volcanic eruptions.

These craters are called calderas (see CALI)ERA).

CRATER

Wizard lsland is a small volcanic cone in 0regon's Crater
Lake. This cone has its own small crater at its peak.

CRAYFISH A crayfish is a crustacean that
belongs to the order Decarpoda. It is related to
crabs, shrimp, and lobsters (see CRUSTAcnIN). The

crayfish looks like a small lobster. It has eight legs,

two antennae, and two pincerlike claws with which

to capture food (see ANTF,NNAE). A crayfish also has

an exoskeleton, which is a hard shell that protects

its body. The exoskeleton is made of chitin and cal-

cium salts (see CHt't'tx; SKTLETON). Crayfish may

grow as long as 6 in. 115 cm]. They live in fresh-

water ponds and streams, feeding on plants and

small or dead animals. The crayfish is also called a

crawdad or crawfish. Some species of crayfish are

eaten by people.

CREOSOTE BUSH The creosote (kr€'a sot')

bush is an evergreen shrub that grows in the deserts

of the southwestern United States and Mexico. It
reaches a height of 5 to 8.25 ft. [1.5 to 2.5 m]. Its
tangled branches have lobed leaves that produce a

strong-smelling tarlike resin (see nnslN). '1'he



CRE

creosote flower is small and yellow and the inedible

fruit is round and white. J-he roots spread widely

under the sand to trap as much of the infrequent
rain as possible. (lreosote is also called greasewood.

CREOSOTE BUSH

Creosote bushes are often spaced widely over the desert
because their roots produce chemicals that prevent other
bushes from growing t00 near to them.

CRETACEOUS PERIOD (kri ta'shas pir'e-
ad) The Cretaceous period began about 146 mll-
lion years ago and lasted about 81 million years. It
is the last period of the Mesozoic era, also called the

age of dinosaurs. Reptiles were the dominant ani-

mals on land and in the sea. At the end of the

Cretaceous period, all of the dinosaur type of

CRETACEOUS PERIOD

Corythosauruswas a

crested duck-billed dinosaur
that lived in North America
during the Cretaceous
p e riod.

reptiles became extinct. Soon, mammals and birds

became the dominant land creatures.

During the Cretaceous period, the climate was

fairly mild, though parts of Australia were glaciated

(see ct.AtitAI'ror"..). Chalk deposits formed in North
America and Europe. Many oil deposits, such as

those in Texas, are found in Cretaceous rocks.

Angiosperms (flowering plants) evolved during
the Cretaceous period. By the end of the period,

they were the dominant land plants.

See also DTNoSAUR; ctot.octctAl TIML, scALL,.

CRICK, FRANCIS HARRY COMPTON
(1916- ) Francis Crick, a British biologist. was

originally a physicist. He helped develop radar dur-

ing \World War II. ln 1949, he began to do research

work in molecular biology at Cambridge
University.

Crick became famous as one of the discoverers of
the double-helix structure of DNA, the nucleic

acid that is the chemicalbasis of heredity (see DNn).

In 1953, Crick and James D. \Tatson built a model

of the DNA molecule. This model showed how the

molecule could reproduce itself during cell divi-

sion. The model, resembling a twisted ladder, is

called the \Tatson-Crick model (see w,q't'soN,

JAMES DE\(LY).

For their discovery, Crick and \Tatson shared the

1962 Nobel Prize in physiology or medicine with
Maurice Wilkins. Wilkins took the X-ray diffrac-
tion photographs of DNA from which Crick and

\(atson worked.

See also CIHROMOSOME; GL,NL,'l'lCS.

CRICKET Crickets are jumping insects belong-

ing to the order Orthoptera. They have two taillike
feelers at the end of the abdomen. Female crickets

have a third taillike structure called an ovipositor.

The ovipositor is a long tube used for laying eggs.

Although most species have four flat wings, some

are wingless. Males are able to make a sound by

rubbing their two front wings together. Both sexes

have two antennae, which are longer than their

bodies (see ANTENNAE).

n-;i: ,'t'it*
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'the field cricket, a blackish brown insect that is



about I in. 12.5 cm] long. Like all crickets, it has

hearing organs on its front legs. Crickets are some-

times considered pests because they can destroy

small amounts of cereal crops. In some countries,

crickets are caged and kept as singing pets.

See a/so cRASSHOPPITR.

Ww"Peseaffqt"

CRICKET

The house cricket eats alm0st anything, and can be found in
and around buildings throughout the world.

CRINOID (kri'noid') Crinoids are a class of
invertebrate sea animals belonging to the phylum
Echinodermata (sce FCHINoD[,RM,{IA). There are

over seven hundred living species. Some are stalked

sea lilies that attach themselves to the bottom of the

sea and look more like plants than animals. Others

are free-living, stalkless feather stars (see FEAI HL,R

srAR).

More than two thousand extinct crinoids have

been identified from fossils. Geologists use these

fossils to ide ntify the relative ages of rocks.
Crinoidal limestone is made up largely of skeletons

ofsea lilies.

See also FOSsn..

CRINOID
This is a fossil of the crinoid
sea lily called Gissocrinus.
It lived on the seabed
during the Silurian period,
about 400 million years ago.

CRO

CROCODILE The crocodile is a large reptile

with a long body, short legs, and a powerful tail and

jaws. Its pointed snout and long, partially exposed

sharp teeth, especially the big front tooth on the
lower jaw, help distinguish it from its relative, the

alligator. \iZhen the mouth is closed, this tooth
sticks up on the outside of the snout. The crocodile

is generally more aggressive than the alligator and

may attack large animals such as deer or even

human beings (see ,tt.t.tcRtoR).

Crocodiles live in tropical areas throughout the

world, usually in swamps or marshes or along slow-

moving rivers. They have partially webbed feet,

which help them to swim and to walk on wet or
muddy ground. Since the eyes and nostrils are

higher than the rest of the head, a crocodile can

hide in the water, staying almost completely sub-

merged, and still be able to breathe and see its prey.

The crocodile is carnivorous and usually feeds on

fish, birds, or small mammals (see CARNIVORE).

The female can lay 50 or more hard-shelled eggs.

She places them in a pit in the ground near water.

She stays with the eggs for about four months, until
they begin to hatch.

Crocodiles once existed in large numbers in
many parts of the world. One extinct variety mea-

sured 50 ft. [15 ml long and weighed several tons.

Of the twelve surviving species, the only native

CROCODILE

Crocodiles coolthemselves on h0t days by holding their
mouths open for long periods and losing heat from the moist
lining of the mouth. The big lower tooth fits into the notch
near the front of the upper jaw when the jaws are closed.
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crocodile in thc Unitecl States is the American croc-

odile. It is about 12 ft.13.7 ml long. The Nile croc-

odile is about 15 ft. 14.6 rnl long and is found
throughout Africa. Skin hr-rnters have killed so

many of these crocodiles that they are now
endangered species and are protected by law in
most places.

S ee n ls o F.N l)AN(, !,R[.D SPF.CI F,S I RL,P'I'lLL,.

CROCUS The crocus is a genus of seventy-five

flowering plants of the iris family that are native to

the Alps, the Mediterranean area, and western Asia.

The crocus grows from a corm and produces cup-

like flowers in the spring or fall (see BUI.B ANI)

coRNt). The flowers have six perianth sections,

three stamens, and three branched stigmas (see

FLO\(/ljR) . The flowers, which grow near the

ground, are mostly white or mauve, but there are

many cr-rltivated forms. The flowers close up

at night and on overcast days (see MOVF,MF.N'l'

OF I)LAN'fS).

Saffron, a yellow spicc used in cooking, is made

from the dried stigmas of the saffron crocus from

the Mediterranean area and the Middle East.

CROCUS

Crocuses are among the first flowers to bloom in late winter
and early spring. The autumn crocus, or saffron crocus,
blooms in the fall. lt is used to make a spice for coloring and
flavoring foods. The crocus is native to the Alps, the area
around the Mediterranean Sea, and western Asia.

CRO-MAGNON

Cro-Magnon people were skillful hunters who used shaped
animalfurs to keep warm. Their organized, tribal society
allowed time for activities beyond simple survival, such as
painting and carving.

CRO-MAGNON Cro-Magnons are the oldest

known representatives of the humarn race, or Homo

sdPiens (see HUMAN BIiIN(l). They lived from about

37,000 to 10,000 years ago throughout Europe and

parts of Asia and northern Africa. f'he existence of

Cro-Magnon people was discovered in 1868 when

the first skeletons were found in the Cro-Magnon

cave in southwestern France. Since therr, more than

one hundred skeletons and parts of skeletons have

been found.
Cro-Magnons first appeared just after the coldest

stage of the last ice age. They followed the

Neanderthals, though the relationship between the

two groups is not clear. Cro-Magnons had large

brains and were tall and muscular. The average

height of a Cro-Magnon was about 5.7 ft. ll 73 cm],

though at least one skeleton, that of the "C)ld Man

,:.
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of Cro-Magnon," was about 6.3 ft. [190 cml tall.

Bone structure and general apPearance were

probably almost ide ntical to that of n'rodern

human beings.

Cro-Magnons were skillful hunters. They ofter-r

formed groups to hunt the huge mammoths and

woolly rhinoceroses. They probably killed these

anin'rals by stampeding them over cliffs or iuto

bogs. Their weapons were made from ivory, bone,

and stone. Tools were used to make these weapons

and to prepare animal skins for Llse as clothing and

shelter. The quality of these tools greatly improved

as time went on. Many of the Cro-Magnon people

iived in huts built in the open or under rocky over-

hangs. Others used caves for shelter.

The earliest existing artwork is thmt of the Cro-

Magnon people. There are various figures sculpted

from clay, ivory, and bone. These probably had a

role in religious ceremonies. There are also beauti-

ful paintings in some of the caves. Most of the

paintings show various stages of hunting. It is

thought that these paintings were offerings to the

gods to bring good luck to the hunters.
-I'he 

skeletons show that many Cro-Magnon peo-

ple suffered from caries (tooth decay) and other dis-

orders. The dead were usually decorated with paint

and buried in shallow graves. This indicates that

the Cro-Magnons probably believed in an alterlife

and were preparing the dead for entry into that

afterlife.

CROOKES, SIR \ilLLIAM (1832-1e1e)

Sir \iflilliam Crookes was a British physicist and sci-

entist who discovered the element thallium. He was

also noted for his studies of cathode rays.

In 1879, Crookes invented the Crookes tube, a

type of electronic vacuum tube that produces cath-

ode rays. Cathode rays are streams of negatively

charged electrons. The Crookes tube was the fore-

runner of the television picture tube (see CAI'HODE-

IL{Y TUBE). Crookes also invented the radiometer'

an instrument that measures light energy, and the

spinthariscope, a device for detecting alpha parti-

cles (see ALPHA PARrlcl.E).

Crookes studied selenium compounds and used

the principle of spectrum analysis to identify the

CRO

element thallium. In 1873, after several years of
investigation, he was able to determine that irs atomic

weight was 204.37 (see El-L,Mr,Nll sPECI'RUN'l).

Crookes was one of the leading authorities of his

time on the industrial uses of chemistry. He was

also one of the leading ir-rvestigators of psychic phe-

nomena and spiritualisrn in the late 1800s and

early 1900s.

See ako El.t-C'fRONl(.S; \ACUUN{ 'l UBF,.

CROP A crop is any plant or animal raisecl for

human use. Examples of crops raised fbr food

include cattle, hogs, fiuits, grains, and vegetables.

Fiber crops, such as cotton and hemp, are grown to

make clothing and textiles. Flowers, lawn grasses'

and decorative trees and shrubs are types of
ornamental crops.

Ser also \('RIeUl lURF..

CROP (ZOOLOGY) A crop is a sPace in the

upper body of certain animals, such as birds, crus-

taceans, and insects, where undigested food is
stored before being digested. The food moves from

the crop to other digestive organs.

CROP

A bird's crop is a pouch atthe bottom end ofthe guller Seeds
and other foods are stored in the crop before passing into the

stomach for digestion. Some birds use the crop t0 carry food

back to their nestlings. The pigeon's cr0p even produces a

milkv fluid that is fed to the nestlings.
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CROSSBILL Crossbills are small, colorful birds

belonging to the finch family, Fringillidae. As the

crossbill's name indicates, the top and bottom of its
bill are crossed ovcr each other. The upper part of
the bill does not line up with the bottom part.
Rather, the upper part curves to one side. 'I'his

crossing arrange ment makes it easier for the bird to
pull seeds out of the pine cones and sprllce cones

upon which it feeds.

There are four specics of crossbills. Two of them,

the red crossbill and the white-winged crossbill, live

in North America.

See rt/so ADAP lAl'lON; I;lNC]H.

CROSSBII,I,

Crossbills gettheir name from the crossed beak thatthey use
t0 pry 0pen the cones of pine and spruce to get atthe seeds
on which they feed.

CROSfl Crows are large , black or black and white
birds belonging to the family Corvidae. They are

related to the jay, magpie, and raven (see BLUL, JAY;

cRow
The pied crow (left) has the
heavy beak typical of the
crow family. This
scavenging bird lives in
many parts of Africa and
often feeds on animal
carcasses. lt is common in
towns and frequently feeds
at garbage dumps.

II{AGPIE; RAVEN). Crows may grow to nearly 20 in.

[55 cm] long. They have very broad wings. They

eat a variety of plants and animals, including the

flesh of dead animals. The common crow is found

throughout North America. Its call is the familiar
"caw-caw" The slighdy smaller fish crow is found

along the Gulf and Atlantic coasts of the United
States. The even smaller northwestern crow is

found along the Pacific coastline of the state of

'Warshington and north to Canada and Alaska.

CRO\UIFOOT FAMILY The crowfoot family
(the Ranunculaceae) includes more than two thou-

sand dicotyledonous herbaceous plants, most of
which grow in temperate regions (see I{ERBAcILOUS

I'}LANT; DICOTYLF,DoN). The family gets irs name

from the leaves, which are deeply divided and look

somewhat like the foot of a bird. The flowers usu-

ally consist of five petals and five sepals (petallike

structures that are usually green), though the num-

ber may vary from two to fifteen. In some species,

the petals are missing, and the sepals are brightly
colored. There are usually many stamens

and carpels arranged in a spiral inside the perianth.

The family includes the buttercups as well as the

crowfoots.

See a/so FLo\(/l:R.

CROWFOOT FAMILY
Water crowfoots grow in or near water. There are several
species, all with white flowers. They usually have normal
leaves floating 0n the water surface and hairlike leaves
under the water. Crowfoots growing in fast-flowing streams
generally have only the submerged, hairlike leaves.
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CRUSTACEAN The crustaceans are a class of
some thirty thousand arthropods. T'hey are inver-

tebrates with hard outer coverings called exoskele-

to n s ( s ee A RT H RO P O DA ; I NVERT F,B I<n*T F, ; S K E I, E TO N ) .

An exoskeleton may be thin and semitransparent,

or it may be heavy and bonelike. Since the

exoskeleton is made mainly of chitin, its hardness

depends on the amount of lime present with the

chitin (see CHITIN) . Many cru.staceans have a cara-

pace, a rigid, protective shield covering most of the

head and body. All crustaceans have jointed legs or
modified legs on each body segment. Some of these

legs are used for walking or swimming; others are

modified as claws, pincers, or mouth parts, and in
lemales some are used to hold the eggs. Crustaceans

are different from all other arthropods because they

have two pairs of antennae instead of one (see

AN'I'ENNAE). Many larger crustaceans, such as the

lobster, have compound eyes on movable stalks (see

EYL, AND VISION).

Crustaceans vary in size from tiny water fleas at

0.01 in. [0.25 mm] long to a species of crab with a
leg span of about 12 ft. 13.5 ml. Although most

crustaceans live in the water and breathe through

gills, some species, such as the wood louse, live

on land, although they are still confined to
damp places. Crustaceans usually reproduce by lay-

ing eggs that hatch in the water. Since the exoskele-

ton does not change size as the crustacean grows, it
must be shed several times in a process called molt-
ing. Molting is controlled by hormones released by

glands located in the eye stalks and body (see HOR-

N{ONF,; MOI,IINC).

CR

Crustaceans are an important source of food for

human beings, whales, fishes, and many other
organisms. Copepods, a group ofsmall crustaceans,

are an important part of plankton.
See also PLANK'l'oN.

CRYOGENICS Cryogenics is the branch of
physics that deals with the behavior of substances at

very low temperatures. It also deals with ways of
producing such temperatures and with the uses to

which they are put. To be considered cryogenic, a

temperature must fall in the range from about
-184'F [-120"C] to nearly -459.67"F l-273.15'Cl,
which is absolute zero (see ABSOI-uTF, ZERO).

Cryogenics is now more than a century old. It
was born in lB77 when oxygen was liquefied at its

boiling point of -297"F [-183'C]. This break-

through was achieved simultaneously by the Swiss

physicist Rasul Pictet and the French e ngineer

Louis Cailletet. The liquefaction of nitrogen gas

soon followed. Much earlier, in 1823, Michael
Faraday had laid the groundwork for this new sci-

ence by showing that all the gases known at that

time could be liquefied (see nRnanav, MICHAEL). L-r

1898, Sir James Dewar liquefied hydrogen.
Stubborn helium was finally liquefied in 1908 by

the Dutch physicist Heike Kamerlingh-Onnes.
This achievement was a milestone in cryogenics.

l.ique$ring helium had produced a temperature
much lower than anyone had ever observed before.

This opened up a whole new area of research.

Using liquid helium, physicists and engineers all

over the world began to study the effect of low

CRTJSTACEAN

The spiny lobster lacks the
powerful claws of many of
its relatives, but defends
itself by lashing out with its
long, spiny antennae. lts
stalked eyes are clearly
visib le.
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temperatures on various materials and processes. In
191 1, Kamerlingh-Onnes found that cooling mer-

cury to near absolute zero caused that metal to lose

all resistance to electric current. He decided that
cooling had changed mercury into a perfect con-

ductor-a superconductor. This was an important
discovery. Having no resistance, superconductors

can carry large amounts of electricity. Tin, lead,

and copper also proved to be superconductors
under cryogenic conditions. Research has shown

that about two dozen pure metals and many alloys
(mixtures of metals) and other compounds are

superconductors (see SUPERCONDUCTIVITY).

In 1947, the United States established the first
commercial system for lique$'ing helium. More of
this liquid gas became available for research and

other uses. Since then cryogenic engineering has

passed many milestones in the approach to
absolute zero. Temperatures of less than a billionth
of a degree above absolute zero have been

achieved-too close to distinguish in writing from

CRYOGENICS

Cryogenics is used to preserve blood, sperm, and organs for
future use or study.

-459.67'F. It is a law of the rmodynamics that
absolute zero can only be approached, never
reached. This is true because the total absence of
heat would mean the total absence of atomic activ-
iry in the material, which is not possible. Scientists

are now trying to find ways of producing super-

conductiviry at higher temperatures. If they can do

this, practical applications will be easier to manage.

Magnets that are superconductive are used for
some high-speed vehicles called magnetic levitation
vehicles, or maglevs. Maglevs can be held above

tracklike guideways by these magnets (see vac-
NETIC LEVITAI'ION VEHICLE). Superconducting
magnets are also used to bend the paths of atomic

particles in particle accelerators (see ACCELERA-

TORS, PARTICLE).

Cryogenics also has made contributions to aero-

space technology (see AERoSPACE). Oxygen for
astronauts and pilots who fly at high altitudes is

stored as a liquid. Cryogenic generators that supply

this oxygen take up less room and are lighter than

the air tanks and compressors previously used. The
fuels that launch spacecraft are made up of hydro-
gen and oxygen that have been made into liquids
by cryogenics. Scientists are researching ways to use

liquid hydrogen fuels for such vehicles as automo-

biles and airplanes. Liquid hydrogen is more effi-
cent and releases less pollutants than fuels used

today, such as gasoline. However, liquid hydrogen

is still very expensive.

Cryogenics has also been used in food processing

to quick-freeze foods (see rOOo PROCESSING).

Cryogenics is used in medicine to preserve human
blood, sperm, and organs. A cryogenic scalpel (sur-

gical knife) has a freezing tip that performs blood-
less surgery. These scalpels are used in eye surgery.

They are also used to relieve the tremors of patients
with Parkinsont disease by killing the nerve cells

that cause the tremors.

CRYOLITE Cryolite (NaAlF6) is a soft mineral
that consists of sodium, aluminum, and fluorine. It
is usually white but sometimes has a red, brown, or
blue tint. Cryolite is also called Greenland spar,

because the main source of cryolite is Greenland.
Melted cryolite is used in the process by which
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aluminum is produced from bauxite ore. Cryolite

is also used in making sodium salts and ceramics,

such as porcelain.

CRYSTAL A crystal is a solid with a definite geo-

metric shape (see cEOMts'fRY). Most nonliving sub-

stances, such as salt and sugar, can grow into
definite shapes. The shapes consist of smooth, flat

surfaces that meet in sharp edges and corners. The

process by which such substances grow into these

shapes is called crystallization. Substances that do

not form crystalline solids are called amorphous

solids. Examples of amorphous solids are wax, rub-

ber, and glass. The atoms in amorphous solids have

not built up into a definite shape or pattern.

People use crystals such as salt (crystalline sodium

chloride) and sugar (crystalline sucrose) to flavor

food. Such crystals do not apPear to have a definite

shape. This is because many substances consist of
tiny crystals grouped together in a shapeless bunch.

Also, the corners of crystals may be broken so that

the basic shape cannot be seen.

How crystals grow By doing a simple experi-

ment, a person can see how crystals form. The first

step is to dissolve some table salt in a glass of water.

There should be enough salt in the solution so that

some of the salt does not dissolve even after a great

deal of stirring. The solution should then be

poured into a second glass.

The next step is to lay a stick across the top of the

second glass. Let a piece of string hang from the

stick into the solution. After a month or so, small

cube-shaped crystals will have become attached to

the string. A similar experiment can be done with

potassium aluminum sulfate, which can be bought

at a drug store. Potassium aluminum sulfate pro-

duces crystals that look like two pyramids joined

at the base.

Crystals owe their shapes to the ways in which

their atoms are put together. The surfaces of a crys-

tal are flat and smooth because the atoms are

arranged in a definite pattern in layers upon layers

throughout the crystal. The pattern on which lay-

ers of atoms attach themselves to the crystal is

called a lattice. The atoms, of course, are too small

CRY

CRYSTAL-Quartz
These quartz crystals are
made of the elements
silicon and oxygen.
Different minerals have
differently shaped c rystals.

to see. However, when X rays or electron beams are

passed through a crystal, the rays or beams show

the pattern of the atoms by the way they (the rays

or beams) come out on the other side of the crystal.

Scientists also use special kinds of microscope to

study the atoms that form the surface of certain

crystals.

Some minerals occur as masses of irregular crys-

tal grains. These crystal grains, described as being

anhedral, are not shaped like crystals. They do not

have flat surfaces. This is because the grains

touched other grains as they grew, instead of grow-

ing in a surrounding fluid.

Crystal systems Crystals are grouped into vari-

ous types by the geometry of the flat surfaces that

give them their shapes. The crystal groups also

depend on the angles at which the adjoining flat

surfaces meet. There are six main types of cr1'stal

systems. They are described by their axes, which are

imaginary lines through the basic crystal unit. The

axes join the flat surfaces that are opposite to and

usually parallel with each other.

The isometric system, also called the cubic sys-

tem, has a cube as its simplest form. Isometric crys-

tals have three axes of equal length, all at right

angles to each other. Gold and sodium chloride

(table salt) form in such crystals. In the tetragonal

system, the simplest form is a prism in which the

sides are rectangles, and the top and bottom are

squares. Tetragonal crystals have three axes at right

angles. One of the axes is shorter than the other

two, which are equal. Such minerals as cassiterite

and rr.rtile crystallize in the tetragonal system. In the
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CRYSTAI-CIassifi cation

Crystals are classified into systems by how symmetrical they
are. Crystals of the cubic system are symmetricalfrom almost
any angle, but triclinic crystals are n0t symmetrical at all.

orthorhombic system, the crysta.ls also have three

axes at right angles, but the axes are all of different

lengths. Topaz has such crystals. The monoclinic

system has three axes, all of different lengths. Two

of these axes are not at right angles to each other.

The monoclinic system is one of the most com-

mon. Borax crystallizes in this system. The triclinic
system has three unequal axes. None of these axes

are at right angles. Only a few crystals, such as

rhondonite, crystallize in the triclinic system. In

the hexagonal system, a crystal consists olsix sides,

instead of four as in the other systems. Such crys-

tals have four axes, not three. 
-I'hree of the four axes

are equal in length and are at 60" angles to each

other. The fourth axis is longer or shorter and at

right angles to the other three axes. Hexagonal crys-

tals have the basic shape of six-sicled prisms.
'fhe system includes beryl and calcite crystals.

Calcite is an example of a rhombohedral crvstal.

Rhombohedrals are a subdivision of the triclinic
system, though some experts consider them a sev-

enth system. Examples of the six crystal systems are

shown in the diagram.

LJses of crystals Crystals have several uses, espe-

cially in electricity. Piez.oelectric crystals produce an

electric signal when their shape is altered by

pressure, and again when they return to their orig-

inal shape (see t'ttztttt.F,c't'Rtc IIFI;t1c'l'). Quartz
crystals are used in some hearing aids and micro-

phones to produce electric signals in response to

sound waves. Quartz. crystals are also used in clocks

and watches. and in filters and oscillators for elec-

tronic equipment.
.See rtko cr.o(.K AND WAT(-H; N{lCRTrgrl, 9SC5
t.Al.oR; QUARrz. D pnoJEcr s

CUCKOO The cuckoos are large birds that

belong to the family Cuculidae. T'hey are found

throughout most of the world. Five species arc

found in North America. Perhaps the best-known

CUCKOO

A female cuckoo (top)
removes an egg from her
host's nest and lays one
of her own eggs in its
place. The young cuckoo
(middle) pushes the other
eggs out of the nest, and
then gets all the food
brought by its foster
parents. The young
cuckoo (bottom) is much
bigger than its foster
parents-in this case a

winter wren-but they
stillfeed it.

Body- c entered
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North American cuckoo is the roadrunner (see

ROADRLJNNL,tt). Cuckoos are slender birds with long

tails and long, thin bills. Thev eat insects, especially

caterpillars.
'l'he Eurasian cuckoo, found in Europe, Asia, ancl

Africa, is well known for its unusual egg-laying

habits. The f-emale cuckoo does not build its own

nest but lays its eggs in the nests of other birds. The

eggs look like the eggs of tl-re other birds. The
mother cuckoo never returns. 'l'he eggs are hatched

rvith the other eggs in the nest. However, the baby

cuckoo pushes the other birds out of the nest. The
"adopted mother" and usually her mate continue to
feed the young cuckoo. Because of this habit, cuck-

oos are called social parasites (sec I)ARASI'l't'-).

CUCUMBER The cucumber is an annual plant
belonging to the gourd family (see ANNUAL PI.ANT;

(;OURD FAN{ll.Y). It has a iong, trailing, hairy srem

that climbs by means of its tendrils (see TF.NDRII.).

The leaves are triangr-rlar, and the bell-shaped yel-

low or white flowers grow on short sterns. Each

cucumber plant produces a hundred or more edible

fruits, which develop from female flowers. The
cucumber fruit varies in length from I to 36 in.

[2.5 to 90 cm] and has a thin greer-r skin. The fruit
itself is usr-rally white or light yellow with many

seeds. Although it has little food valu.e , it contains

a lot of vitamins. The young ctrcumber fruit can be

eaten raw, as in salads) or crln be preserved and

eaten as pickles. The mature fruit is hard and usu-

ally needs to be cooked before being eaten.

CURIE The curie is a unit used to measure

radioactivity. A radioactive material with a strengtlr

of one curie produces 3.7 x 1010 nuclear disinte-

grations a sccond. A nrillicurie is a thousandth of a

curie. One curie is a strong and harmful amount of
radiation (see IdADIOACT IVIT\).

C)riginally, a curie was clefined as the amount of
radioactivity given off b1, I gram of radium (see

RAt)tuM). In other words, radium is such a strong

source of radiation that 1 grarl of the metal has a

strength of one curie. In comparison, nearly 3

million grams of uraniun'r are needed to produce

one curie of radi:rtion (scc URAlilLiNl).

CU

ln many places today', the curie has been replaced

bv the Systbme Internationale unit ol1 nuclear dis-

integration per second.

See a/so CURIL t-AN,llLY.

CURIE FAMILY Curie is the familv name of
three farnous French physicists. The Curies
received three Nobe I Prizes lor their work concern-

ing radioactivity (see RAt)toAC I tvt t \').

Pierre Curie (1859-190(r) Pierre Curie was born
in Paris mnd was the son of a physician. Later he rvas

a profbssor at the Sorbonne, a univcrsity in Paris. In
1880, with his brotherJacques, Pierre (,urie discov-

ered that certain crystals, rvhen twisted or vibrated,

produce electricitv (se e I']lF.7-OL.LL,(.'l'Rl(. EI-l-E(. I') .

While still in his tr.venties, Pierre Curic dic{ inrpor-

tant research on the magnetic ;lroperties of metals.

He for-urd that mergnetic substances lose their mag-

netism when they are heated to a certain tempera-

ture. This temperatllre is called the Curie point.

Marie Curie (1867-1934) Marie Curie was

born in \farsaw, Poland, and. was the derughter of
teachers. Her maide n name was Marie Sklodorvska.

In 1891, she came to Pirris to str-rdv phvsics and

chemistry. Four years later, she nrarried Picrre

CURIE FAMILY
Pierre and Marie Curie are shown in their laboratory. The
Curies gained worldwide fame for their discovery of two new
elements, polonium and radium. They investigated the
radioactive properties of the new elements.
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Curie. The Curies became interested in radiation
given off by radioactive subsrances.

Marie Curie gave the name radioactiaity to the
powerful radiation that Antoine Becquerel had dis-
covered in uranium ores (see BECQUEREL, ANTOINE

HENru). Marie Curie showed that the strength of
radioactivity varied with thc amount of uranium.
In 1898, she discovered that thorium is a radioac-
tive element. She then found that some minerals
are more radioactive than could be accounted for
by their thorium or uranium conrent. She decided
that they must conrain an unknown but highly
radioactive element. Later in the same year, Pierre

and Marie Curie discovered rwo new elements in
pitchblende (an importanr ore of uranium),
namely polonium and radium. The amount of
radium was only a slight trace. The Curies then set

about obtaining a pure radium salt from several

tons of pitchblende. They achieved this in 1902.

For this work, they received, along with Becquerel,

the Nobel Prize for physics in 1903.

In 191l, Marie Curie was awarded the Nobel
Prize for chemistry for her work on the isolation of
radium and polonium, and for her study of the ele-

ments' chemical properries. She later did similar
work with her daughter, IrEne.

The unit of radioactivity measuremenr known as

the curie was named aftcr Marie Curie (see ctURIL).

She also played a major role in establishing the
Curie Institute of Radium in Paris. Marie Curie
died in 1934 of leukemia from the radiation she

received during her lifetime. Pierre had died earlier
in a street accident.

IrEne Joliot-Curie (1897-1956) Irbne Joliot-
Curie was the daughter of Marie and Pierre Curie
and worked as her mother's assistanr in the labora-
tory at the Institute of Radium.ln 1926, she mar-
ried Frdddric Joliot, and the couple changed their
name to Joliot-Curie. 'fhey were interested in the
atom and bombarded various elements with alpha
rays (see ALI)HA PAKt'tCt-t-). In this way, rhey showed

that bombardment of boron produced a radioac-
tive isotope of nitrogen. It was the first radioactive
isotope to be produced artificially (see rso't'opE).

This discovery led rhe way ro rhe production of

artificial radioactive elements. In 1935, Frdddric
and Irbne Joliot-Curie were awarded the Nobel
Prize for chemistry.

CURLE\U(/ A curlew is a bird of marshland,
prairies, and seashores. It belongs ro rhe sandpiper
family, Scolopacidae. It has a long, slender, curved
bill and thin, long legs. The curlew's brown body is

between 1 1 and 21 in. 127 and 53 cml long.
Curlews on migration are found in flocks along the
Pacific and Gulf coasts of North America. They
wade into the water and feed on invertebrates (see

INVERTEBRA'|E). There are four North Amcrican
species: the long-billed curlew, the whimbrel, the

bristle-thighed curlew and the Eskimo curlew.
Although the whimbrel and long-billed curlew are

common, the other two birds are rare.'fhe Eskimo
curlew is nearly extinct.
See AIso EX-T.INCTION.

CURIE\T
The western curlew
pictured lives in Europe and
Asia and is very similar to
the long-billed curlew. The
beak is idealfor finding
food buried in mud or sand.

CURRANT The curranr is a small, bushy shrub
belonging to the gooseberry family. It grows wild in
cool, moist areas of North America and Europe,
and is cultivated for its fruits. The plant produces

small, round berries that are used in jams, jellies,

wines, and desserts. Red currants, black currants,
and golden currants are the most popular species.

CURRANT

The bright red berries of the
red currant are pictured
here.
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CunnENT, ETEcTRIC

Electric current is the movement, or flow, of elec-

tric charges. \When a person switches on a flash-

light, the current flows from the batteries, through
the switch and the bulb, back to the batteries. The

current is measured in amperes. C)ne ampere is

equarl to a rate of flow of 6.28 x 1018 electrons per

second, or one coulornb of electricity per second

(see A\.1PERE; COL]I.t)M Il).

There are two kinds of electric current, alternat-

ing current (AC) and direct current (DC).
Alternating current is so called because its direction
of flow alternates. It builds up to a maximum flow
in one direction, decreases to zero, then builds up

to a maximum flow in the other direction. This

cycle occurs sixty times a second in alternating clrr-

rent used in the United States. Thu.s, alternating

cllrrent in the United States is said to have a fre-

quency of sixty hertz (see Illll{TZ). Other countries

have adopted different frequencies.

Altcrnating current is the most widely uscd cu.r-

rent in the United States because it can easily be

increased or decreased in voltage by a transformer,

whereas dircct current cannot. This enables the

MOVEMENT OF ELECTRONS

The diagram shows the random movement of electrons in a

metal(1), and the organized flow of electrons in a conductor
passing direct current (2) and alternating current (3).

user to have alternating current at a convenient and

safe voltage regardless of the voltage in the power

lines. As a result, the power company can transmit
electricity at very high voltages, which is more effi-
cient (see TRANSFORMER; VOLT).

Direct current is electric current that flows in one

direction only. It is produced by batteries and direct
current generarors (see BAf'fERY; GENEId{TOR, F.l.F.C-

TRICAI). Electronic equipment, radios, and ampli-
fiers that require direct current can be operated

with an alternating current source by using recti-

fiers. Rectifiers are devices that change alternating

current into direct current, Devices that convert

direct current into alternating current are called

converters or inverters. They allow the operation of
AC appliances from DC power sources.

The electricity in flashlights and electric toys is

direct current electricity. Metal refining industries

are heavy users of direct current electricity. For

example, the process for refining aluminum
requires large amounts of direct current. Direct
current electric motors are sometimes used where

good variable speed control is desired, as in cranes,

hoists, and elevators.

See rt/so AITF.RNATINC CURRI,NT; DIRECT CURRENT;

L,LL,C]1.RICITY: F,I,FCTRIC, MOTOR.

1. Conductor passing no

c u rrent

Electrons flow in all
d i re ctio ns

Movements of electrons in

a metal conductor not con
nected to any source of
e le ctric itv.

2. Conductor passing

direct current

t*

Electrons flow from
pole to pole

Movements of electrons in

a metal conductor connect-
ed to the poles of a source
of direct current (DC) elec-
tricitv, such as a batterV.

3. Conductor passing alternating current

Electrons flow first
in one direction

Electrons then flow
in reverse direction

Movements of electrons in a metal conductor connected to a

source of alternating current (AC) electricity.
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CURVE A curve is a line that has no straight part.

Many curves have specific mathematical fbrnrs and

names. These cllrves rnight be found in nature. A
mathematician rnight draw a curve on a graph
using eqLlations (see Al.clLB[rn). One group of
curves can be fbund by cutting through diffbrent
parts of a conc. Thc diagrams below show how an

ellipse, parabola, and hyperbola are obtained from

sections of cones. The ellipse is also the path tra.ced

out by the planets as they orbit thc sun. The patl'r

of a shell fired fron'r a gun is er parabola. All of the

cllrves shown, and many other curves as well, can

be written as mathematicnrl equations.

Ellipse

t
f,
#fi

x-axts

ElliPse: x2 + lz2 = 1

a2 b2

cURVE

X- AXIS

Parabola y= af,

An ellipse, parabola, and hyperbola are produced by cutting
through cones. The lower set of diagrams shows the curve
with the equations that define them, and axes.

CUTICLE The term cuticle has a number of
meanings, but it is most often used to mean the

outer covering of a plant or an animal, especially an

arthropod (see AMHROPOD). In plants, apart from
those living in water, the cuticle is a layer ol waxy

material covering the leaves and stems. It prevents

the plants from losing too much water. Among
insects and other arthropods the cuticle is a very

tough layer secreted by the epidermis, which is the

outermost layer of the skin. It is composed largely

of a flexible or elastic material called chitin, but in

crabs and other crustaceans the chitin is mixecl with
lime and the cuticle becomes verv h:rrcl. The outer-

most liryer of hr.rman skin is sometimes called the

cuticle, especially where it is clr"rite tl'rick-at the

base of fingernails and toenails, for example.

5-rr a/sa Sxtx.

CUTTLEFISH (kircl lish') A cuttlefish is a soft,

boneless animal that belongs to the class

Cephalopoda (see GEI'HALol'ot)). The cuttlefish is

found in most seas except the seas surrounding thc

Americas. Most of the animals live in coastal

waters. The cuttlefish has a brown body with bands

across it and purple spots. It is bright and n'retallic-

looking in the sunlight and often cha.nges color to

match variou.s backgrounds (sec c.Alv{OUFl.AcE).

The cuttlefish's oval body is surrounded with a

wary fin. 'l'he various species of cuttlefish vary in
length from about 3 in. [B cm] to almost 6 ft.
[1.8 m], including the tentacles.

The cuttlefish's shield-shaped body is surrouncled

by a thick, muscular cloak of skin callcd thc marr-

tle, and it is supported by a light, chalky internal

shell called a cuttlebone. The animal can swim
slowly by waving the fin that surrounds the mantle.

It can also move rapidly backward by forcing water

out of the space between the mantle and the body.

The cuttlefish has eight short arms around its

mouth, and two long tentacles that shoot out to
capture fish and other animals. All carry strong
suckers. The arms are used to cling to rocks and to

hold the prey while the cuttlefish eats it.
To hide from enemies, the cuttlefish can darken

the water as it moves by pouring out an inky sub-

stance containing a brown pigment, or coloring
matter, called sepia. The sepia used by artists was

once made from the substance in the ink sac of the

cuttlefish. Because of its lime salts, the cuttlebone

is led to canaries and parrots.

CUTTLEFISH

" 
'ii'*

'&
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CYANIDE (si'a nrd') Cyanides are chemical

compouncls of nitrogen and carbon with various

other elements. Carbon and nitrogen form an

incomplete compound called the cyanide radical,

reprcsented as -C=N. The line at left shows where

the rest of the molecule or other elements may join
(see (lON{l'OUND; I{AI)lCAI.).

Cyanicles are very poisonous. Potassium cyanide
(KCN) is used to extract gold and silver from
their ores.

CYBERNETICS (si'bar nEt'iks) Cybernctics is

the str-rdy of control and communication in both

animals (especially hurnans) and machines. People

in the field of cybernetics are especially concemed

with information leedback systems, the storage and

manipulation ol information that guides those sys-

tems, and processes for filtering out errors and

unrelated messages.

Cybernetics is derived from a Greek word that

means "steersman" and refers to the steering of
ships. The ficld of controland conmunication the-

ory received its name when American mathemati-

cian Norbert \Tiener published the book
Cybernetics in 1948. Wiener and his associates

thought that the steering engines of a ship were one

of the earliest and best-developed forms of a con-

trol systcm that requirecl information feedback

mechanisms. Feedback involves the circling back of
information to a control device to adjust behavior.

For example, if a person exercises strenuously and

his or her body builds up heart, information con-

cerning this is fed back to thc brain. 'I'he brain then

signals the body to sweat in order to cool itself.

Similarly, if a rocket nloves slightly off course,

inlormation concerning this error is fed back to a

computer, which instructs the rocket to steer back

on course.

The role of information feedback is important for
communications engineers arrd the designers of
automatic control systems. it is also important for

physiologists, psychologists, and sociologists, who

study the behavior of animals and human beings.

Bionics is a term that relates to cybernetics.

Bionics (biology + eleuronics) is the study of how

people and other animals perform certain tasks and

CY

solvc certain problems. This information is applied

to the design ol computers and other electronic

equipment used in control systems.

CYCAD The cycads make up a family of about

100 palnilike gymnosperms (see c;viv'tNcISPERM).

These trees are the most primitive seed pla.nts, with
fossils provirrg that they existed dr-rring the

Mesozoic era, some 65 to 225 million years ago.

Most cycads are short and stout, although sone
reach heights of about 60 ft. Il B m]. The stems are

normally unbranched. 'Ihe large, leathery leaves

grow in a rosette (circle) at the top of the stem. In

the middle of the rosette is a large, seed-filled cone

called a strobilus. The strobilus may weigh as much

as 66 lb. [30 kgJ. When the seeds mature, part of
the srrobilus decarys and allows the seeds to escape.

Some species of cycads live to be nrore than a thou-

sand years old.

See dko CONIITL.R.

There have been cycads on the eafth for over 200 million years,
making them among the world's oldest species of plants.
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CYCLAMEN

Cultivated cyclamens like this 0ne are much larger than wild
cyclamens, which are also called sowbreads.

CYCLAMEN Cyclamcn is a genlrs of sixteen

small, herbaceous plants belonging ro the primrosc
family (see ttF.RBA(IIIOUS PI.AN-l'; PRIMROSL FAMTLY).

Native to the Mediterranean region of Europe and

western Asia, cyclarnens are now grown throughout
the world in greenhouses, homes, and gardens. The

cyclamen seed grows into a corm (see BULB ANI)

coRM). The leaves produced from this corm often

have silver veins. The flowers from the corm arc

white, rose, or purple and have petals that are bent

backward as though they were inside out.

CYCLE Many chemical reactions and physical

changes go in cvcles. 'l'hat is, they go from one

event through a series of other events until the first
evcnt occurs again. Cycles are common in nature.

For example, the element nitrogen goes through a

cycle of chemical reactions. It is present in the air,

then in compounds (combinations of elements) in

the soil, then in compounds in living things, then

back in the air to start the cycle again (see NITRO-

CEN (.Y(ILE). Similar cycles occur in the body to
store and produce energy. Some engines work by

repeating a cycle of physical changes.

A cycle is also a complcte vibration of a system.

For example, a pendulum completes one cycle

every time it swings once in one direction and once

in rhe other. ln a sirnilar way, alternating current
goes from a maximum value in one direction to a

A pendulum is perhaps the
most common example of a

cycle, and the easiest to
understand. After observing
a large pendulum, Galileo
was inspired to draw up
equations defining the
orbits of the planets around
the sun (see caLtLeo).
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CYCLONE

This bird's-eye-view
photograph of a cyclone
north of Hawaii was taken
during the Apollo 9 moon
mission.

maximum value in thc opposite direction for each

completecl cycle. 'I-he number ol cycles that takes

place in one second is called the frequency (see

l-REQUENCY). The frequencies of sound wavcs, and

of light and other radiation, are also measured in

cycles per second, abbreviated as cps. However,

instead of the term cyc'les per second, the term hertz

(Hz) is used (see HtlRrT-). Hertz and cycles per sec-

ondmean the same thing.

CYCLING OF NUTRIENTS When plants

make food by photosynthesis, they use up some of
the carbon dioxidc gas in the air (see I'HOTOSYN-

THtrsts). If this gas were not replaced, there would

eventually be none left and plant life on the earth

would end. But the gas is replaced bv means of a

continuous recycling process. This circulation of
carbon is called the carbon cycle (see cARBON

cYctLF,). There is a similar circulation of nitrogen

and other food materials or nutrients. Plant roots

absorb simple compounds of nitrogen and build
them into proteins, which are passed on to animals

when the plants are eaten. When the animals die,

bacteria and fungi break down the proteins and

convert them back to simple minerals for the plant

roots to absorb again (see DECAY).

CYCLONE A cyclone is a region of low atmos-

pheric pressure usually associated with stormy
weather (see ATIr4OSI'HERE). The winds of a cyclone

spiral into the area of lowest atmospheric pressure,

CYC

called the storm center. The cyclonic winds move

counterclockwisc in the Northern Hernisphere and

clockwise in the Southern Hemisphere.

The cyclonic winds rnix cold and r'varm air. pro-

ducing rain or snow. This tvpe of storm, common

during the fall and rvinter, is called a frontal
cyclone . Several times a year, violent lrontal
cyclones move along the east coast of the United

States, bringing heary rain or snow 'fhese storms

are popularly called "northeasters" because the

winds blow offthe sea from the northeast.

A tropical cyclone develops over the warm waters

near the equator. A very strong tropical cvclone

that develops over the tWest lndies or the eastern

Pacific Ocean is called a hurricane (see Hunruc;,lxn).

Usuallv several hurricanes el ycar cause dan.rnrge to

regions in the United States. A tropical cyclone that

develops over the western Pacific Ocean is cmlled a

typhoon.
A tornado is a small but violent cvclotre that devel-

ops in a large thunderstorrn. Tornadoes are cotrlnton

in the midwestern and southcrn United States.

See also ANI'ICYCLONF.; I)L,PR[,SSION;'I ORNADO;

WF,AI'H F,R.

CYCLOTRON A cyclotron is a type of particle

accelerator (see ,q.C-Cl-t.t--RAl-ORS, I'ARl l(iLE). In a

cyclotron, subatomic particles are whirled in a spi-

ral path to high speeds. Physicists learn about sub-

atomic particles by smashing thern into each other

to see how they behave. Physicists use high electric
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Source ol
charged
pa rtic les

Stream of
h i g h-speed
pa rtic les

potentials (voltages) to speed up, or accelerate,

electrically charged particles such as electrons and

protons. In the earliest accelerators, which were

built in the 1920s and 1930s, particles were accel-

erated in straight lines by potentials of up to rnil-
lions of volts. In thc carly 1930s, the Amcrican

physicist Ernest O. Lawrence built the first
cyclotron. In this cyclotron, particles were acceler-

erted by a relativelv smaller voltage that was applied

repeertedl,v.

The cyclotron consists of two hollow, D-shaped

n-retal chambers called dees. The chambers are kept

in a vacuum so that the accelerated particles can

move freely without hitting molecules of air (see

\A(.ULiN4). 'l-he two clees are also in a strong magnetic

field (scc 1\{A(;NF,Tl(l IrlEI.l)). Charged particles are

placed into one of the chambers near the center of
the cyclotron. At this point they are moving slowly.

They move around the dee in a circle because of the

nagnetic field. They are pulled across the gap inro

the orher dee by a voltage difference benveen the

two, ancl are slightly speeded up. Because they are

moving faster, they revolve in ar wider circle in the

second dee. Meanwhile, the voltage is reversed, so

that when the particles re:rch the gap again, they are

pulled across it in the other direction, with another

boost in speed. The particles are boosted many times

as they spiral ourward, r-rntil a beam of the particles,

CYCLOTRON

The cyclotron, an early
particle accelerator,
consisted of two D-shaped
hollow chambers, called
dees, enclosed in a

vacuum. A voltage was
applied across the gap
between the dees. Charged
particles spiraled outward
from the center, picking up
energy and accelerating
every time they crossed the
gap between the dees.

traveling at nearly the speed of light, flies out of the

cyclotron at its ou.ter edge.

Cyclotrons have largely been replaced by more

powerful accclcrators called synchrotrons.

See dko ATOM.

CYPRESS A cypress is arr evergrecn coniferous

tree that belongs to the cypress family,
Cupressaceae (see L,V!,RcIREEN). The trees grow in
North America, L,urope, and Asia. Cypresses grow

tall and live a very long time. Wood from the

cypresses is resistant to rot and is used in the build-
ing of houses.

CYPRESS

Cypress twigs are covered with scalelike green leaves. The
brown clusters are male cones about to shed their pollen.

Voltage applied
across here

Spiral paths of
charged particles
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CYSTIC FIBROSIS (sis'tik ft bro'sas) Cystic

fibrosis is a hereditary disorder, the most common

such disorder among white children. There is no

cure for cystic fibrosis. About fifty percent of
affected children dic by age sixteen, though some

have lived to age thirty and beyond. Cystic fibrosis

affects the exocrine glands, which include the sweat

and mucus glands (see c;l-axo).

The disorder can be detected by testing a child's

sweat for abr-rormal amounts of salt. Those afflicted
with the disorder have lrom two to five times the

normal amount of salt in their sweat. Scientists also

can perform a test to see if a fetus (unborn baby)

has the disorder.

In 1989, scier"rtists were able to locate the defec-

tive gene that causes cystic fibrosis. People with rel-

atives who have the disorder can now be tested to

see if they also carry the gene (see cIENE).

Cystic fibrosis causes the mucus glands to secrete

abnormally thick mucus. After discovering the

gene that causecl cystic fibrosis, scientists learned

that people with this delective gene produce an

abnormal version of a protein that normally helps

keep a balance of salt and water in cells. The abnor-

mal protein allows salt to bLrild up in cells, drawing
water away from the mucus linings and making the

mucus unusually thick.
The thick mucus clogs glands and ducts (tubes

for carrying body fluids) in various organs. For

example, the mucus clogs the lungs, making it dif-
ficult to breathe (see LUN(I). The mucus also col-

lects bacteria, causing infection. Over 90 percent of
deaths among people with cystic fibrosis are from
lr.rng disease.

Mucus also interferes with the ability of the pan-

creas to secrete digestive enzymes, which are pro-
te ins that cause or speed up certain chemical
reactions (see PANCIRF,IS). As a result, foods, espe-

cially fats, cannot be completely digested, which
leads to malnourishment. The pancreas becomes

scarred. This is called fibrosis. Small lumps, called

cysts, also form on the pancreas. The name qtstic

fibrosis is derived from these two conditions.
Treatment for the disorder is aimed at making

life as normal as possible for the person. Salt sup-

plements, to replace the excessive amount of salt

CYT

that is secreted, ar-rd special digestive enzymes are

added to the diet. teatment also includes antibi-
otics to fight infection and drugs called expecto-

rants to forcc the person to cough up excessive

mucus (see aNrtglOTIC). In the more serious
stages of the disorder, the lungs may need to be

drained daily.

Scientists are researching several new treatments

for cystic fibrosis. One type of treatment, called

gene the rapy, aims to insert a healthy version of the

gene that causes cystic fibrosis into a patient's body.

The body would then be able to make the normal

protein to keep the right amount of salt in cells. If
such gene therapy is successful, the patient's body
would go on producing the normal protein long

after the treatment.

See also CLNL,'l'lCS.

CYTOLOGY Cytology is the study of cells, the

basic units of life. A cytologist is a scientist who

studies the way cells are organized and how they

work. Cytologists have found that every structure

in the cell has a special function and that everything
an organism does is controlled by the activities of
the cells of that organism (see cnt.t.).

Cytology dates back to 1665, when the English

scientist Robert Hooke first looked at a piece of
cork under a microscope and named the air-filled
"boxes" that he saw, ce/ls. In 1838, the (lerman

biologists Matthias Schleiden and Theodor
Schwann proposed the cell theory. The cell theory
states that all living things-including all plants

and animals-are made of cells. In 1892, the
German scientist Oscar Hertwig proposed that all

activities of an organism are the result of the activ-

ities of the cells of that organism. As a result of this

theory, Hertwig was the first to establish cytology
as a science.

There are several scientific fields related to cytol-

ogy. Cytochemistry studies the chemical changes

that take place in a cell (see cHEtr{tsrRY).

Cytopathology studies diseases of the cell (see

PAI'HoloclY). Cytogenetics studies the relationship

between the activities of the cell and inherited char-

acteristics (see CnNntlCS; HERL.DI'l'Y) .

See A/so HOOKE, ROBERT; SCH\flANN, I,HL,ODOR.
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CYTOPIASM Cytoplasm is the portion of a

living cell berween the nucleus and the cell mem-
brane. It is mostly water and contains enzymes
(proteins that cause or speed up chemical reactions)

and many structures vital to the life of the cell.

These structures are called organelles. The mito-
chondria produce energy for the cell. Lysosomes

contain special enzymes used for digesting food or
for helping white blood cells destroy bacteria. The

endoplasmic reticulum is a network of canallike

passages between the cell membrane and the
nucleus. fubosomes, located along the endoplas-

mic reticulum, make protein in the cell. Centrioles

are active in cell reproduction (see MEIOSIS; MITO-

sls). Golgi bodies store and release various sub-

stances from the cell. In plant cells, chloroplasts

contain chlorophyll and are important in photo-
synthesis. In most cells, the cytoplasm is always

moving in a process called streaming or cyclosis.

Cytoplasm consists of two layers: the ectoplasm

and the endoplasm.

See AIso CELL; ECTOPLASM; ENDOPLASM.

DAFFODIL The daffodils are about fifty plants

belonging to the genus Narcissus in the amaryllis

family. Daffodils are native to the forests and grass-

lands of Europe and western Asia. Daffodils are

popular garden flowers worldwide because they

grow from bulbs and require little care (see eur-s

AND coRM). The most familiar daffodil is the
trumpet narcissus, which has a large flower at the

end of each stem. The flower has six petals sur-

rounding the bell-shaped, or trumpetlike, cenrer.

Although the flower is usually yellow, there
are many cultivated forms, and they include
white, red, and orange varieties. The bulb is poison-

ous if eaten.

See AIso AMARYLLIS FAMILY; NARCISSUS.

DA,FFODIL

These cultivated daffodils clearly show the centraltrumpet,
which encloses the reproductive organs of the flower.

DAGUERREOTYPE (da gir'a ttp') The
daguerreotype, also called tintype, was the first per-

manent photograph. It consisted of a picture repro-

duced on a thin copper sheet. The daguerreorype

was developed in 1839 by the French inventor
Louis Daguerre. Daguerre made a polished, sil-
vered copper plate sensitive to light by exposing it
to iodine fumes. Then he exposed the plate for
three to thirty minutes in a camera. He used mer-

cury vapor to develop the image and fixed, or
stopped, the developing process with a solution of
sodium thiosulfate. Daguerre improved the process

in 1840 by using bromine fumes to sensitize the

copper plate and gold chloride solution to enrich

the image.

Highlights in a daguerreotype are whitish.
Shadows are bare areas that appear dark when the

plate is held against a dark background.
Daguerreotypes reproduced even the smallest
details seen through the camera lens, and they had

a long life. Fine-quality daguerreorypes produced

in the 1800s can be seen in museums and private

collections today. Many people had their portraits
taken by this process in the 1800s. Some of the first
photographs of the Old \West and the Civil 'War

were on daguerreotypes.

See also PHOTOGRAPHY.


